Author’s Accepted Manuscript

Perforation Forces of the Intact Porcine Anterior
Lens Capsule

Franziska Ullrich, Jonas Lussi, Dimitrios Felekis,
Stephan Michels, Andrew J. Petruska, Bradley J.
Nelson

PIIL: S1751-6161(16)30126-6
DOI: http://dx.doi.org/10.1016/j.jmbbm.2016.05.007
Reference: JMBBM1920

To appear in:  Journal of the Mechanical Behavior of Biomedical Materials

Received date: 18 March 2016
Revised date: 28 April 2016
Accepted date: 4 May 2016

Cite this article as: Franziska Ullrich, Jonas Lussi, Dimitrios Felekis, Stepha
Michels, Andrew J. Petruska and Bradley J. Nelson, Perforation Forces of th
Intact Porcine Anterior Lens Capsule, Journal of the Mechanical Behavior ¢
Biomedical Materials, http://dx.doi.org/10.1016/j.jmbbm.2016.05.007

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/jmbbm
http://dx.doi.org/10.1016/j.jmbbm.2016.05.007
http://dx.doi.org/10.1016/j.jmbbm.2016.05.007

Perforation Forces of the Intact Porcine Anterior
Lens Capsule

Franziska Ullrich?, Jonas Lussi®, Dimitrios Felekis®, Stephan Michels®,
Andrew J. Petruska®, Bradley J. Nelson®

@Institute of Robotics and Intelligent Systems, ETH Zurich,
Tannenstrasse 3, 8092 Zurich, Switzerland
b Department of Ophthalmology, Triemli Hospital Zurich,
Birmensdorferstrasse 497, 8063 Zurich, Switzerland

Abstract

During the first step of cataract surgery, the lens capsule is perforated and
a circular hole is created with a sharp instrument, a procedure called cap-
sulorhexis. To develop automated systems that can assist ophthalmologists
during capsulorhexis, the forces required must be quantified. This study in-
vestigates perforation forces of the central anterior lens capsule in porcine
eyes, which are used as a conservative model for the human eye. A micro-
mechanical characterisation method is presented that measures capsular bag
perforation forces with a high precision positioning and high-resolution force
sensing system. The force during perforation of the anterior lens capsule was
measured with various sized needles and indentation speeds and is found to
be 15 — 35 mN. A bio-mechanical model is identified that describes an ex-
ponential correlation between indentation force and depth, indicating strain
hardening behaviour of the porcine anterior lens capsule.
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