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Pioneer of the intraocular lens pathology 

Laboratory in the USA : 1980-2011

(Salt Lake City/Charleston)

Laboratory relocation to Heidelberg: 2012

David J. Apple MD  (1941-2011)
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Examination techniques developed in the D. J. Apple laboratory
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New developments in the David J. Apple laboratory in HD
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high speed camera

intraocular endoscope
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 *Son HS, Shin KU, Kim D, Merz P, Tandogan T, Khoramnia R, Auffarth GU, Friedmann E, Chae S, Lee KH, Choi CY. Lenticular imaging: a new experimental and quantitative analysis of capsular dynamics, 

‘‘Choi-Apple view’’. Trans Vis Sci Tech. 2019;8(3):22, https://doi.org/ 10.1167/tvst.8.3.22

„Apple-Choi-Side View“*

New developments in the David J. Apple laboratory in HD
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 Static examination methods

Light microscopy

Scanning electron microscopy

Physical optical measurements

 Dynamic examination methods

„Miyake-Apple Posterior View“

„Endoscopic View“

„High-speed" camera analyses

„Apple-Choi Side View“

Analysis methods for injector systems
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Static examination methods

Scanning electron microscopic examination of the 

injector cartridges
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SEM Study on Injector Cartridge Damage*

before implantation after implantation

Clareon

Autonome

*Data on file: David J Apple International Laboratory for Ocular Pathology, University Eye Clinic Heidelberg, Germany
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SEM Study on Injector Cartridge Damage*

Clareon

Autonome

*Data on file: David J Apple International Laboratory for Ocular Pathology, University Eye Clinic Heidelberg, Germany

before implantation after implantation
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SEM Study on Injector Cartridge Damage*

i-sert Hoya 

after implantation

*Data on file: David J Apple International Laboratory for Ocular Pathology, University Eye Clinic Heidelberg, Germany
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SEM Study on Injector Cartridge Damage*

i-sert Hoya 

after implantation

*Data on file: David J Apple International Laboratory for Ocular Pathology, University Eye Clinic Heidelberg, Germany
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Static examination methods

Heidelberg light microscopy damage category scheme 

for injector cartridges
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Materials and Methods*

Table 2: damage degree of injectors and corresponding grades

Damage Degree Grade Damage score

No damages 0 -1

Slight scratches 1 1

Significant scratches 2 2

Extensions 3 3

Slight cracks 4 4

Significant cracks and burst 5 5

Table 1: data of different injector systems

Company Injector Number

Alcon UltraSert 16

AMO Sensar 12

ZEISS ACCUJECT 15

HOYA iSert 21

AMO TECNIS  iTec 30

Rayner RaySert Plus 7

SIFI Miniwell Ready 17

Alcon MONARCH III Cartridge 15

Alcon AcrySert 15

Sum 148

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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 Damage categories (Heidelberger Scheme)

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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 Alcon AcrySert injector system*

*hydrophobic IOL material

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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 Alcon UltraSert injector system* 

*hydrophobic IOL material

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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 Zeiss Accuject injector (2.2)*

*hydrophilic  IOL material

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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 Rayner RaySert Plus injector system* 

*hydrophilic  IOL material

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg



Universitäts-Augenklinik HeidelbergUniversitäts-Augenklinik Heidelberg

Mean damage profile of the injector systems

Mean damage profile of the injectors*
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*p-value with ANOVA one-way analysis between the groups <0.01

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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Measurement of the resistance force during implantation with 

different injector systems

Ex-vivo autopsy eye studies

Dynamic examination methods
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Resistance measurement: FGV-10XY, 

Shimpo instruments

Software: Shimpo Toriemon Force 

Gauge Software 

Materials and Methods*

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg



Universitäts-Augenklinik Heidelberg

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg

Total resistance force measurement during the implantation procedure

 Results: Resistance force measurement

Zeiss CT LUCIA ® 601PY

(ACCUJECTTM 2.2)

implantation procedure:

IOL enters the anterior chamber

Pushing the IOL through the corneal 

incision

Pushing the IOL through the injector

analysis: 

max. resistance value

analysis: 

area under the curve
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Results: Resistance force measurement*

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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Results: Resistance force measurement*

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg



Universitäts-Augenklinik HeidelbergUniversitäts-Augenklinik Heidelberg

Ex-vivo autopsy eye studies

Dynamic examination methods

Implantation procedure
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Endoscopic anterior 

chamber perspective
Beaver Visitec E4 intraocular endoskope

Dynamic analysis methods

Miyake-Apple 

Posterior View
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iSert® 251

iSert® 230 IOL

iSert® Vivinex

Example: iSert™ injector: development cycles
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MultiSert™ injector: push- or screw-mode
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MultiSert™ implantation: Push-mode with „insert shield“*

Beaver Visitec E4 intraocular endoscope

 One-handed "push implantation"

 Insertion with "Insert shield" 

through the corneal                  

tunnel

*Data on file: The David J. Apple International Laboratory for Ocular Pathology, University Eye Clinic, Heidelberg
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Implantation in push-mode with "insert shield" 

"*

*Data on file: The David J. Apple International Laboratory for Ocular Pathology, University Eye Clinic, Heidelberg

 One-handed "push 

implantation"

 Insertion with "Insert shield" 

through the corneal                  

tunnel



Universitäts-Augenklinik HeidelbergUniversitäts-Augenklinik Heidelberg

Dynamic analysis

„Apple-Choi-Side View“

Effects of injector implantation on the 

capsular bag and zonules
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 *Son HS, Shin KU, Kim D, Merz P, Tandogan T, Khoramnia R, Auffarth GU, Friedmann E, Chae S, Lee KH, Choi CY. Lenticular imaging: a new experimental and quantitative analysis of capsular dynamics, 

‘‘Choi-Apple view’’. Trans Vis Sci Tech. 2019;8(3):22, https://doi.org/ 10.1167/tvst.8.3.22

„Apple-Choi-Side View“*

Purpose: To develop a method for quantitative 

estimation of capsular bag and zonular 

dynamics using real-time imaging of human 

autopsy eyes during implantation of different 

intraocular lens models using different injector 

systems.
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„Apple-Choi-Side View“*
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„Apple-Choi-Side View“*
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Apple-Choi-Side View*
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Studies in the David J. Apple laboratory in Heidelberg

 Static and dynamic evaluation of injector systems and their implants

 Human autopsy eyes and/or pig eyes as a model

 Classic Miyake-Aple technique 

 New techniques e.g. high-speed camera/intraocular endoscope/   

Choi-Apple View

 Results show errors/problems with injector systems

 Development studies/comparative studies/measurable data



Vielen Dank!


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

