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Purpose: Inintraocular lens (IOL) implantation, insertion of the IOL injector enlarges the clear corneal incision.
A larger incision size (IS) is associated with a higher risk for surgically induced astigmatism and endophthalmitis.
The goal of this study was to determine which parameters most influence the final IS.

Design: Experimental study.
Subjects: A total of 126 cadaver porcine eyes were included in this study.
Methods: We analyzed 409 clear corneal incisions made with 126 injectors from 13 injector models. We

noted the vertical diameter and the tip angulation for every model. The corneal thickness of each incision location
was measured using Scheimpflug tomography. The IS was measured before and after injector insertion and
described as preoperative and final ISs, respectively. During surgery, the insertion depth and incision length were
documented. A mixed effects model was applied to analyze the influence of the parameters on the final IS.

Main Outcome Measures: Influence on the final IS.

Results: Increases in the vertical diameter of the injector tip, the preoperative IS and the insertion depth, and
a reduction of incision length were all significantly associated with increased final IS (P < 0.05). The conditional
Pseudo-R?-Measure was 0.92. The preoperative IS had the largest standardized estimated effect on the final IS,
followed by the vertical diameter of the injector tip, insertion depth, and lastly, incision length. Neither corneal
thickness nor the tip angle of the injector had a significant effect on the final IS (P > 0.05).

Conclusions: The IOL injector’s vertical diameter should be as small as possible to ensure a minimal final IS.
The injector’s insertion depth may be minimized, and the incision length should be long enough to reduce the final
IS. Further studies are needed to confirm the findings in human autopsy eyes and in clinical practice.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references in the
Footnotes and Disclosures at the end of this article.. Ophthalmology Science 2024;4:100356 © 2023 by the
American Academy of Ophthalmology. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Clear corneal incisions are used to gain access to the anterior
chamber in intraocular lens (IOL) implantation procedures. A
smaller corneal incision is associated with a reduced risk of
endophthalmitis and less surgically induced astigmatism.'
In order to implant an IOL into the eye, an IOL injector is
used. The insertion of an IOL injector into the clear corneal
incision is the main cause for intraoperative incision
enlargement leading to a larger final incision size (IS)."” This
intraoperative enlargement impedes the previously mentioned
positive effects of a small corneal incision.

Previous studies noted that some parameters, such as the
vertical diameter of an IOL injector tip or the tip angle, were
associated with an effect on the final 1S.%’ However, these
studies were mostly abstract models or a singular analysis
of a causative factor. To our knowledge, no study has
published an integrated model to determine the relative
influence of these parameters on the final IS. Additionally,
these earlier studies did not include factors such as the
insertion depth of an injector, the incision length, or the
local corneal thickness. A deeper insertion of a conical
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injector tip could lead to a larger final IS due to the
increase of the effective injector diameter.’” A longer
incision or a thicker cornea could stabilize the incision
and prevent high intraoperative incision enlargement.

The purpose of this study was to perform an integrative
approach to analyzing the influence of different parameters
of injector insertion on the achievable final corneal IS. The
parameters we included were of the IOL injector itself
(vertical tip diameter and tip angle), the pachymetry at the
site of incision and IS (preoperative IS and incision length)
and the surgical procedure (insertion depth).

Methods

Study Materials

In this laboratory analysis, 126 IOL injectors from 13 different IOL
injector models were included as shown in Table 1.

The surgical procedure was performed on 126 cadaver porcine
eyes obtained from a local abattoir. The eyes were randomized into
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13 test groups, 1 group for each IOL injector model. The exclusion
criteria were a damaged or opacified cornea and any sign of trauma
such as lens prolapse, iridodialysis, or a ruptured bulbus. The
corneas were constantly humidified using a wet chamber. Attached
orbital tissue was removed and the eyes were held immobile by
embedding the posterior hemisphere in 3% agar solution. All
surgeries and measurements were performed within 11 hours
posthumously and the eyes were cooled to +3° C. Before surgery,
all eyes were examined with a Scheimpflug tomography (Pentacam
AXL, Oculus Optikgerite), allowing the corneal thickness of each
peripheral quadrant to be obtained.

This study did not need an ethics committee approval due to the
non-human and ex vivo nature of the study eyes.

Characterization of Injector Models

Five injectors of each injector model were microscopically exam-
ined and photographed from a side view using an Olympus BX50
microscope (Olympus) with an attached Olympus Camedia C-7070
Wide Zoom camera (Olympus). The vertical outer diameter and the
tip angle of an injector tip was quantified using Image] software
version 1.51 (United States National Institutes of Health) as shown
in Figure 1A.

Surgical Procedure

The procedure followed one described in a previous study.® The
same surgeon (M.F.) performed all surgeries. The eyes were
humidified with balanced salt solution throughout the procedure.
A triplane self-sealing rectangular clear corneal incision was
created with a stainless-steel slit knife (Mani). The size of the
knives ranged from 1.8 to 2.8 mm. After incision, the anterior
chamber was filled with Pe-Ha-Visco 2.0% ophthalmic viscosur-
gical device (Albomed). Before every injector insertion, the pre-
operative IS was measured using an incision gauge set (Duckworth
& Kent), which can obtain measurements from 1.0 to 3.0 mm with
intervals of 0.1 mm. All injectors were prepared in accordance with
the manufacturer’s instructions for use. An injector was then
inserted into the corneal incision and into the anterior chamber with
an insertion depth comparable to the into-the-bag IOL implantation
technique.

After the insertion of an IOL injector, the final IS was measured
with an incision gauge set to assess the intraoperative incision
enlargement due to the IOL injector insertion.

Afterward, the eye was rotated by 90° around the vertical axis
and a second clear corneal incision with a different IS was created.
Subsequently, the full surgical process of the previously mentioned
injector insertion and measurements were repeated. After
completion of the second surgical procedure, the eye was twice
turned by another 90°, allowing surgery for a third and fourth time
with different ISs. The intraocular pressure was maintained with a
reapplication of ophthalmic viscosurgical device before every
injector insertion. For one injector, the SkyJet (Carl Zeiss Meditec),
only 3 incisions per eye were made as the enlarged final incisions
exceeded the scale limit of 3.0 mm of the incision gauge set. In
total, 499 clear corneal incisions were made in 126 eyes.

Insertion Depth and Incision Length
Measurement

During each procedure, the maximum insertion of an IOL injector
into the corneal incision was photographed using a DMC-G6
camera (Panasonic) attached to a Leica M220 microscope (Leica
Microsystems). At the end of each insertion, the incision was
stained with metallic particles and photographed. After calibrating
each image with a scale on incision level, the insertion depth and
incision length were also measured using ImagelJ software version
1.51 as shown in Figure 1B, C. The exclusion criteria for image
evaluation were evidence of reduced image quality and a high
subjective uncertainty regarding the measurement.

Statistical Analysis

The statistical analysis was performed with SPSS for Windows
(Version 29, IBM). A mixed effects model was fitted to determine
the influence of the parameters on the final IS, because the data
were grouped for each IOL injector model. The fixed effects were
vertical tip diameter, preoperative IS, insertion depth, corneal
thickness, and incision length. The random effect was the injector
model. A P value < 0.05 was considered significant.

Results

In total, 409 of the 499 incisions (81.96%) had a complete
dataset without missing values and therefore only these 409
were included in the mixed effects model.

Including measurements of vertical tip diameter, tip angle,
corneal thickness, preoperative IS, insertion depth, and

Table 1. The IOL Injector Models Included in This Study and Their Respective Vertical Diameter and Tip Angle

IOL Injector Model Manufacturer N Vertical Tip Diameter (mm) Tip Angle (°)
Accuject 1.6-1P Medicel 5 1.46 44.81
Accuject 1.8-1P Medicel 12 1.66 55.74
Accuject 2.2-1P Medicel 10 1.89 54.46
AutonoMe Alcon 12 1.48 44.06
Bluemixs 180 Carl Zeiss Meditec 10 1.67 55.66
Ergoject 2.2-TL Medicel 5 1.84 37.28
Kowa original injector Kowa Company 10 1.78 45.42
MultiSert Hoya Medical Singapore 10 1.69 33.30
RaySert PLUS Rayner Intraocular Lenses 19 1.99 44.22
RayOne Rayner Intraocular Lenses 8 1.68 46.74
SkyJet Carl Zeiss Meditec 5 2.09 45.56
Ultrasert Alcon 10 1.46 46.53
Viscoject-Bio 2.2 Medicel 10 1.76 49.86

IOL = intraocular lens, N = number of injectors used in study.
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Figure 1. Illustration for the measurements of the parameters, (A) tip angle (&) and vertical diameter (VD), (B) insertion depth (ID), and (C) incision

length (IL).

incision length, this model to predict the final IS resulted in a
conditional Pseudo-R*-Measure of 0.92. This means that
roughly 92% of the variation of the final IS is explained by the
model. As shown in Table 2, the vertical tip diameter, the
preoperative IS, the insertion depth, and the incision length
had a statistically significant effect on the final IS. The
vertical tip diameter showed the highest absolute estimated
effect on the final IS. Corneal thickness and tip angle did
not have a significant effect on the final IS.

In a standardized model with a subtraction of the scale of
all parameters, the preoperative IS had the largest relative
effect with a standardized estimated fixed effect of 0.10. The
standardized estimated fixed effect of the vertical diameter
of an injector was slightly lower (0.09). The other significant
parameters, insertion depth and incision length, had a
standardized estimated fixed effect of 0.06 and —0.01,
respectively. However, these values should only be used for

comparing the relative size of influence of these causative
effects on the final IS.

Figure 2 visualizes the influence of all parameters on the
final IS without assessing the injector group. Those
parameters, which had a significant effect on the final IS,
show a positive slope and a small uncertainty. It can be
noted that the incision length, which has a negative
estimated effect on the final IS, has a positive slope. This
could be explained by the ungrouped visualization of the
data, which does not assess the repeated measures of an
injector model. The corneal thickness and the tip angle
demonstrate a minimal slope indicating their insignificant
results using the mixed effects model.

As shown in Figure 3, the fitted mixed effects model
resulted in an accurate prediction of the final IS and was
roughly consistent in all IOL injector models. The similar
slopes with varying intercepts show how the grouped
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Table 2. Estimated Effects of the Included Parameters on the Final Incision Size

95% Confidence Interval

Parameter Estimate Standard Error P Value Lower Bound Upper Bound
Intercept 0.663 0.363 0.097 —0.144 1.470
Vertical tip diameter 0.481 0.163 0.014 0.119 0.843
Tip angle < 0.001 0.005 0.961 —0.011 0.010
Corneal thickness 0.035 0.021 0.096 —0.006 0.077
Preoperative incision size 0.404 0.014 < 0.001 0.377 0.431
Insertion depth 0.045 0.006 < 0.001 0.034 0.057
Incision length —0.014 0.007 0.044 —0.028 —0.001

A P value < 0.05 is considered statistically significant.

structure in this model accounted for the differences To facilitate an accurate prediction of the final IS, 2 novel
between the injector models. For better visualization, the intraoperative parameters—incision length and insertion
position of the data points is displayed with a small depth—were measured. The mean incision length was 2.56
horizontal displacement factor. mm with a standard deviation of 0.49 mm, as shown in
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Figure 2. Overview of the correlation of the analyzed parameters regarding the final incision size (IS). The 95% confidence interval is visualized in gray. A,
Influence of the preoperative IS on the final IS. B, Influence of the vertical diameter of an injector tip on the final IS. C, Influence of the insertion depth of
an injector into a corneal incision on the final IS. D, Influence of the incision length on the final IS. E, Influence of the corneal thickness on the final IS. F,
Influence of the tip angle of an injector on the final IS.
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Figure 3. The accuracy of the predicted final incision size (IS) regarding the measured final IS grouped by intraocular lens (IOL) injector model. For better

visualization the data points were horizontally dispersed.

Table 3. The mean insertion depth was 5.50 £ 1.33 mm and
varied between different IOL injector models. For example,
the Accuject 1.6-1P (Medicel), AutonoMe (Alcon) and
Ultrasert (Alcon) had a feature to hinder a deep insertion
of the respective injector into an incision. The mean
insertion depths of these 3 IOL injector models were,
therefore, smaller compared to the other injector models.

The mean vertical tip diameter of the IOL injectors was
1.73 £ 0.18 mm. As shown in Table 1, the smallest vertical
tip diameter could be observed in the Accuject 1.6-1P
(Medicel) and Ultrasert (Alcon), both with 1.46 mm, and
largest in the SkylJet (Carl Zeiss Meditec) with 2.09 mm.

The tip angle of the IOL injectors ranged from a mini-
mum of 33.30° in the MultiSert (Hoya Medical Singapore)
to a maximum of 55.74° in the Accuject 1.8-1P (Medicel).
However, 11 of 13 IOL injector models had a tip angle >
44.00°. In Figure 2B, F, the grouped nature of the injector
parameters is visualized.

Table 3. Descriptive Statistics of the Parameters Included Into the
Mixed Effects Model

N Mean SD  Minimum Maximum

499 1.73 mm 0.18 mm 1.46 mm 2.09 mm
Tip angle 499 46.86°  0.28° 33.30° 55.74°

Corneal thickness 493 1.18 mm 0.15 mm 0.71 mm 1.69 mm
Preoperative incision size 499 2.48 mm 0.24 mm 1.90 mm 3.00 mm
Postoperative incision size 499 2.74 mm 0.20 mm 2.10 mm 3.10 mm
Insertion depth 423 550 mm 1.33 mm 2.27 mm 8.63 mm
Incision length 488 2.56 mm 0.49 mm 1.37 mm 4.30 mm

Vertical tip diameter

N = number of successful measurements; SD = standard deviation.

The porcine cornea is thicker than the human cornea;
the mean thickness at each incision location was
1.18 £ 0.15 mm, measured in 98.80% of all incisions.

The preoperative ISs ranged from 1.90 to 3.00 mm,
representing a wide range of commonly used ISs in manual
small incision cataract surgery. The incisions enlarged
intraoperatively, with a mean of 0.26 &+ 0.18 mm to a mean
final IS of 2.74 4+ 0.20 mm. Note that the injector models
SkyJet (Carl Zeiss Meditec) and RaySert PLUS (Rayner
Intraocular Lenses) reached the maximum measurement
capacity of the incision gauge set (3.0 mm). Thus, in this
study, it was not possible to accurately assess the maximum
final IS for these injector models.

Discussion

We developed, for the first time, an accurate model to pre-
dict the final IS in IOL injection (Pseudo-R*-
Measure = 0.92). A significant influence on the final IS was
observed for preoperative IS and vertical diameter of an IOL
injector tip, and for the novel intraoperative parameters
insertion depth of an IOL injector into an incision and
incision length. However, 2 measurements, corneal thick-
ness and tip angle of an injector, did not significantly
correlate with the final IS.

Previous studies mainly analyzed the final IS in regard to
the injector model that was used “”'” or its dimensions.’
Other causative factors that could influence the final IS
and their attributable effects were neglected. In this study,
an integrated approach to find the determining factors for
the final IS was employed to reduce spurious correlations.

A reduction of the vertical diameter in an IOL injector
correlated with a smaller final IS. This is congruent with
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previous findings.””''""* Kleinmann and Kleinmann hy-
pothesized in their finite element calculation model that the
stress onto the incision margins is dependent on the outer
circumference of an IOL injector and the preoperative IS.°
With a higher diameter of an IOL injector pulling apart
the horizontal incision margins during an insertion, the
lateral incision angles are increasingly stressed and tend to
tear and widen the incision.”'” They concluded that IOL
injector manufacturers should do their utmost to advance
injector and lens technology to reduce the necessary
vertical diameter to a minimum, while ensuring a safe
IOL implantation. However, simply reshaping the injector
tip to be more elliptical by reducing the vertical diameter
might be insufficient. During IOL insertion, elliptical
shaped injector tips could change to a more circular shape,
hence increasing the vertical diameter and limiting
aforementioned advantageous effects. The vertical
diameter needs to be minimized consistently during every
surgical step.

Other studies hypothesized that a more acute tip angle of
an IOL injector would cause more trauma in an incision.”""’
In our study, the tip angle did not have a significant
influence on the final IS. This supports the hypothesis that
the vertical diameter is the most important parameter of an
IOL injector regarding the final IS.

In the present study, a smaller preoperative IS was
significantly associated with a smaller final IS and it had the
largest effect in relation to the other parameters. In com-
parison to other studies that compared the use of different
IOL injector models in a specific IS for each model, our
study used different preoperative ISs for the same IOL
injector model.”'*'* This allows us to first describe the
positive correlation of the preoperative IS on the final IS
for various IOL injector models.

Nevertheless, smaller preoperative incisions are also
associated with a higher intraoperative incision enlargement
and a lower postoperative endothelial cell count.™'> Future
studies need to compare the visual outcomes of surgeries
with a minimal final IS and a minimal intraoperative
incision enlargement.

The insertion depth of an IOL injector into a corneal
incision varies depending on different IOL implantation
techniques. Kohnen and Klaproth found a direct implanta-
tion of the IOL into the capsular bag (into-the-bag implan-
tation technique) to have a higher intraoperative
enlargement than wound-assisted implantation techniques.'®
In the present study, an injector insertion was only
performed using the into-the-bag implantation technique
with an insertion depth between 2.27 and 8.63 mm. A
deeper insertion of an IOL injector into the incision was
positively correlated with the final IS and could be explained
by a conical injector tip.'" As the injector is inserted more
deeply, a larger diameter influences the incision, and
therefore, enlarges the incision more. According to this
result, surgeons may hold the depth of injector insertion to
a minimum while ensuring a safe and successful IOL
implantation.

In other studies, the incision length was analyzed
regarding the postoperative intraocular pressure or the
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wound architecture, but not the final IS."” Our study showed
that a greater incision length correlates with a smaller final
IS, which could be explained by a higher stability of a
long incision. However, the effect of the incision length
was small compared to the other significant parameters
that influence the final IS. Additionally, Hayashi et al'®
found a longer, clear corneal incision to be associated
with more surgically induced astigmatism. Therefore, we
need further studies to compare the postoperative outcome
when using different incision lengths.

We hypothesized that a higher corneal thickness would
stabilize the incision and reduce intraoperative incision
enlargement. However, the mixed effects model showed no
significant correlation between the corneal thickness and the
final IS.

The main limitation of this study was the execution of the
experiments on cadaver porcine eyes. While the porcine
eyes often replace human eyes in laboratory research, their
anatomical properties differ in comparison to the human
eye.'” For example, the mean corneal thickness in our study
was 1.18 £ 0.15 mm compared to a normal human corneal
thickness of around 0.53 mm.”’

Another considerable limitation is the applicable range of
a mixed effects model. In general, a regression model is
mainly applicable in the range of the values from which it
was fitted.”' The presented mixed effects model included
IOL injector parameter dimensions similar to those
included in previous studies.”’ If new injectors, new
procedures, or patients with a corneal thickness of the
described ranges are being evaluated with this model, this
may produce inaccuracy. Nevertheless, the purpose of this
study was to determine significantly-relevant parameters
for the final IS with an integrated model. The values
described in this study should be interpreted only in relation
to each other and not as absolute numbers.

Finally, only the influence of the insertion of an injector
into a clear corneal incision was analyzed. Other surgical
steps, for instance phacoemulsification, may enlarge the
corneal incision independently of the injector insertion and
lead to an even higher final IS. However, we conclude that
the insertion of an IOL injector accounts for the most
intraoperative incision enlargement and it was, therefore,
properly the focus of this study.*’

The results indicate several leverage points to reduce the
final IS and the complications associated with an enlarged
incision. The vertical tip diameter of an IOL injector, the
preoperative IS, the incision length, and the insertion depth
of an injector into an incision have a significant influence on
the final IS. Therefore, the vertical diameter in IOL injectors
should be as small as possible to ensure a minimal final IS.
The insertion depth of an injector may be held to a minimum
and the incision length may be long enough to reduce the
final IS. Further studies are needed to confirm the present
findings in human eyes.

Acknowledgment

The authors thank Donald J. Munro for his contributions to the
review of the manuscript.



Friedrich et al + Causative Factors for the Final Incision Size

Footnotes and Disclosures

Originally received: April 19, 2023.
Final revision: June 7, 2023.
Accepted: June 20, 2023.

Available online: June 25, 2023. Manuscript no. XOPS-D-23-00079

Department of Ophthalmology, The David J Apple International Laboratory
for Ocular Pathology, University Hospital Heidelberg, Heidelberg,
Germany.

Data Sharing Statement:

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Disclosures:
All authors have completed and submitted the ICMJE disclosures form.

The authors made the following disclosures: G.U.A.: Lecture fees and
research grants — Johnson & Johnson Vision, Alcon Laboratories, Carl
Zeiss Meditec AG, Hoya Corp., Kowa Co., Ltd., Oculentis GmbH/Teleon,
Physiol S.A., Rayner Intraocular Lenses Ltd., Oculus Optikgerite GmbH,
Ophthec BV, Santen, Sifi Medtech Srl, Acufocus Inc., Novartis, Ursapharm
Biotech; Nonfinancial support —Rheacell, Contamac, Cristalens, Croma,
EyeYon, Hanita, VSY, outside the submitted work.

R.K.: Grants, personal fees, and nonfinancial support — Johnson & Johnson
Vision, Alcon Laboratories, Hoya Corp, Kowa Co, Ltd, Oculentis GmbH/
Teleon, Physiol S.A., Sifi Medtech Srl, Rayner Intraocular Lenses Ltd;
Grants and personal fees —Oculus Optikgerdte GmbH Carl Zeiss Meditec
AG, Ophtec BV; Grants — Acufocus Inc, outside the submitted work.

T.M.Y.: Honoraria lectures — Alcon.

M.F,, I.LD.B., and V.A.A. have no competing interests to declare that are
relevant to the content of this article.

References

1. Masket S, Wang L, Belani S. Induced astigmatism with 2.2-
and 3.0-mm coaxial phacoemulsification incisions. J Refract
Surg. 2009;25:21—24.

2. Tetikoglu M, Yeter C, Helvacioglu F, et al. Effect of corneal
incision enlargement on surgically induced astigmatism in
biaxial microincision cataract surgery. Turk J Ophthalmol.
2016;46:99—103.

3. Luo L, Lin H, He M, et al. Clinical evaluation of three incision
size-dependent phacoemulsification systems. Am J Oph-
thalmol. 2012;153:831—839.e2.

4. Cagini C, Perri MT, Napoli APD, et al. Corneal incision width
after lens implantation: comparing delivery systems: corneal
incision width and injector systems. J EuCornea. 2018;1:
8—11.

5. Espiritu CR, Bernardo Jr JP. Incision sizes at different stages
of phacoemulsification with foldable intraocular lens implan-
tation. J Cataract Refract Surg. 2009;35:2115—2120.

6. Kleinmann G, Kleinmann I. Intraocular lens injector-induced
stress on the corneal incisions during lens implantation. Am
J Ophthalmol. 2014;158:185—191.el.

7. Arboleda A, Arrieta E, Aguilar MC, et al. Variations in
intraocular lens injector dimensions and corneal incision ar-
chitecture after cataract surgery. J Cataract Refract Surg.
2019;45:656—661.

8. Friedrich M, Auffarth GU, Merz PR. Experimental analysis of
recommended corneal incision sizes in cataract surgery using
13 intraocular lens injector systems. Sci Rep. 2023;13:2659.

This study was supported by the Klaus Tschira Stiftung (KTS), Heidelberg,
Germany. The funding organization had no role in the design or conduct of
this research.

HUMAN SUBJECTS: This study did not need an ethics committee
approval due to the non-human and ex vivo nature of the study eyes. All
research adhered to the tenets of the Declaration of Helsinki. Individual
patient-level consent was not required.

Author Contributions:

Conception and design: Friedrich, Auffarth

Data collection: Friedrich

Analysis and interpretation: Friedrich, Baur, Yildirim, Augustin, Khor-
amnia, Auffarth; Obtained funding: Auffarth; Study was performed as part
of regular employment duties at the David J. Apple International Labora-
tory for Ocular Pathology, Department of Ophthalmology, University
Hospital Heidelberg, Heidelberg, Germany. The study was supported by the
Klaus Tschira Stiftung (K.T.S.), Heidelberg, Germany. The funding orga-
nization had no role in the design or conduct of this research. No other
funding was provided.

Overall responsibility: Friedrich, Baur, Yildirim, Augustin, Khoramnia,
Auffarth

Abbreviations and Acronyms:

IOL = intraocular lens; IS = incision size.

Keywords:

Incision size, Incision length, Insertion depth, Diameter, Intraocular lens
injector.

Correspondence:

Gerd U. Auffarth, Im Neuenheimer Feld 400, 69120 Heidelberg, Germany.
E-mail: Gerd.Auffarth@med.uni-heidelberg.de.

9. Yildirim TM, kLabuz G, Baur ID, et al. Corneal incision
enlargement in two preloaded intraocular lens injectors: an
intraindividual in vivo study. J Refract Surg. 2021;37:331—336.

10. Khoramnia R, Baur ID, Labuz G, et al. Enlargement of main
corneal incision: clinical intraindividual comparison of two
preloaded intraocular lens injectors. J Cataract Refract Surg.
2023;49:165—170.

11. Nanavaty MA, Kubrak-Kisza M. Evaluation of preloaded
intraocular lens injection systems: ex vivo study. J Cataract
Refract Surg. 2017;43:558—563.

12. Zhang L, Schickhardt S, Fang H, et al. Comparison of a new
intraocular lens injector system against 3 standard intraocular
lens injector systems with different incision sizes: a Miyake-
apple view experimental laboratory study. J Cataract Refract
Surg. 2022;48:230—237.

13. Qi N, Lockington D, Wang L, et al. Estimations of critical
clear corneal incisions required for lens insertion in cataract
surgery: a mathematical aspect. original research. Front
Physiol. 2022;13:834214.

14. Khoramnia R, Yildirim TM, Weindler J, et al. Preloaded in-
jectors used in a clinical study: videographic assessment and
laboratory analysis of injector nozzle damage. J Cataract
Refract Surg. 2021;47:1338—1344.

15. Li SS, Misra SL, Wallace HB, McKelvie J. Effect of phaco-
emulsification incision size on incision repair and remodeling:
optical coherence tomography assessment. J Cataract Refract
Surg. 2018;44:1336—1343.


mailto:Gerd.Auffarth@med.uni-heidelberg.de
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref1
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref1
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref1
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref1
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref2
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref2
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref2
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref2
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref2
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref2
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref2
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref2
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref3
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref3
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref3
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref3
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref4
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref4
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref4
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref4
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref4
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref5
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref5
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref5
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref5
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref6
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref6
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref6
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref6
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref7
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref7
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref7
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref7
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref7
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref8
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref8
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref8
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref9
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref9
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref9
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref9
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref9
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref10
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref10
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref10
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref10
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref10
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref10
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref11
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref11
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref11
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref11
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref12
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref12
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref12
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref12
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref12
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref12
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref13
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref13
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref13
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref13
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref14
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref14
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref14
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref14
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref14
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref15
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref15
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref15
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref15
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref15

Ophthalmology Science

16. Kohnen T, Klaproth OK. Incision sizes before and after im-

17.

18.

plantation of SN60OWF intraocular lenses using the monarch
injector system with ¢ and d cartridges. J Cataract Refract
Surg. 2008;34:1748—1753.

Hayashi K, Sasaki H, Manabe SI, Hirata A. Intraocular pres-
sure and wound state immediately after long versus short clear
corneal incision cataract surgery. Jpn J Ophthalmol. Nov
2018;62:621—627.

Hayashi K, Yoshida M, Hirata A, Yoshimura K. Changes in
shape and astigmatism of total, anterior, and posterior cornea

19.

20.

21.

Volume 4, Number 1, February 2024

after long versus short clear corneal incision cataract surgery.
J Cataract Refract Surg. Jan 2018;44:39—49.

Benes P, Synek S, Petrovd S. Corneal shape and eccentricity in
population. Coll Antropol. 2013;37(Suppl 1):117—120.
Doughty MJ, Zaman ML. Human corneal thickness and its
impact on intraocular pressure measures: a review and meta-
analysis approach. Surv Ophthalmol. 2000;44:367—408.
Harrell Jr FE, Lee KL, Matchar DB, Reichert TA. Regression
models for prognostic prediction: advantages, problems, and
suggested solutions. Cancer Treat Rep. 1985;69:1071—1077.


http://refhub.elsevier.com/S2666-9145(23)00088-X/sref16
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref16
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref16
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref16
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref16
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref17
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref17
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref17
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref17
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref17
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref18
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref18
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref18
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref18
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref18
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref19
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref19
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref19
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref20
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref20
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref20
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref20
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref21
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref21
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref21
http://refhub.elsevier.com/S2666-9145(23)00088-X/sref21

	Laboratory Analysis of Causative Factors for the Final Incision Size due to Intraocular Lens Injector Insertion
	Methods
	Study Materials
	Characterization of Injector Models
	Surgical Procedure
	Insertion Depth and Incision Length Measurement
	Statistical Analysis

	Results
	Discussion
	Acknowledgment
	References


