
Project Title: Simulation of Blast Loading on an Ultrastructurally-Based Computation Model of the 

Ocular Lens 

Principal Investigator: Richard Regueiro, PhD 

Organization: University of Colorado at Boulder 

Background: In the life of a combat soldier, traumatic cataract in ocular lenses may result from blast 

loading, whereby (i) the lens capsule is perforated by intraocular foreign bodies (IOFBs, Walter 1962, 

Paver et al. 1993, Mader et al. 2006) which in turn damage the lens fiber cells, (ii) the lens is loaded fluid 

dynamically by the surrounding aqueous and vitreous humors (Banitt et al. 2009), and/or (iii) the lens 

internal substance (crystallins lens fiber cells) is stressed by the passing shock wave. Traumatic cataract 

can result in a partially or fully clouded lens, complete dislocation of the lens (floating between aqueous 

and vitreous humors), or zonule rupture such that partial or full vision loss may occur. The mechanisms 

of traumatic cataract formation that may require cataract surgery (implantation of an intraocular lens 

(IOL)) are not well understood in comparison to the mature and ever-improving surgical technology and 

procedures.  

Objective/Hypothesis: Establish an ultrastructurally-based computational finite element model of the 

ocular lens subjected to blast loading to attempt to better understand how traumatic cataract is formed 

in the combat soldier, and will in turn have benefits to understanding traumatic cataract in civilians 

whose eyes are subjected to impact loading. 

Specific Aims: A multiscale, ultrastructurally-based, computational model of the ocular lens subjected to 

blast loading will be established in order to better understand the mechanisms of traumatic cataract 

formation in the ocular lens, and its treatment.  

Study Design: To achieve the research objective, research tasks include the following:  

(1) Formulation and implementation of a multiscale hierarchical finite strain isotropic viscoelastic  

constitutive model for type IV collagen meshwork of lens capsule tissue allowing for failure 

modeling at fibril-to-capsule length scales;   

(2) Formulation and implementation of a multiscale perforating finite strain biphasic mixture (solid 

and fluid) solid-shell finite element continuum model of the lens capsule;  

(3) Formulation and implementation of a multiscale hierarchical, anisotropic, lens fiber cell 

equivalent soft viscoelastic constitutive model of the internal lens substance;  

(4) Unconfined compression testing of whole porcine lenses (0.001 - 1/s strain rate) to estimate 

whole lens mechanical response and generation of traumatic cataracts at higher strain rates (up 

to 1/s, not close to blast loading rates; blast rates to be studied by future experiments at the 

Army Research Laboratory, Aberdeen);  

(5) Smooth and sharp nanoindentation testing on porcine lenses to approximate lens capsule 

multiscale elasticity and strength parameters, and mechanical parameters of internal lens 

substance material; and  

(6) Imaging of lens fiber cell geometry using confocal laser scanning microscopy, and type IV 

collagen ultrastructure in lens capsule using cyro-electron tomography. 

Relevance: Better understanding of the mechanisms of traumatic cataract formation, through 

computational modeling and lens tissue experiments, could improve: (I) how battlefield and post 

battlefield cataract surgery is performed to maximize vision recovery for the injured soldier; and 

(2) how protective eye gear is designed. 


