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Abstracts Topic: Geometric modeling from medical
images

Creation of Finite-Element Models from 3-D Imaging Data

W. Funnell, J. Robert' 'Departments of BioMedical Engineering & Otolaryngology, MGill
University, Montreal, QC, Canada

PURPOSE: The geometries of 3-dimensional models of anatomic structures can be
created de novo or they can be extracted from various types of 3-dimensional imaging
data: x-ray computed tomography, magnetic-resonance imaging, histologic sections,
ultrasound, etc. In the latter case, the segmentation of structures of interest can be very
time-consuming, especially when there are multiple interconnected structures with dif-
ferent properties. If the models are to be used for finite-element simulation, the mechan-
ical connections among different structures must be explicitly and consistently defined
and the meshing must be well controlled.

METHODS: Software is presented for creating 3-dimensional finite-element models
from various types of imaging data. Image segmentation is done with a combination of
manual tracing and interactively guided automatic tracing and smoothing. Connections
and shared surfaces are defined explicitly by means of a graphical interface, as are visual
properties, physical properties, boundary and load conditions and mesh resolution.
Different model subsets can be defined with different properties. Multiple models can
then be generated with, for example, different mesh resolutions for finite-element con-
vergence testing.

RESULTS/DISCUSSION: The software has been used to create models for finite-
element simulations' as well as for visualization and quantification? and for teaching.?
The software is available for different operating systems, and can be downloaded from
http://audilab.bmed.mcgill.ca/~funnell/AudiLab/sw/.
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Towards Computational Design of 3D Scaffolds for Cell-Based
Gene Therapy

Galipeau Jacques', El-Ayoubi Rouwayda®, Eliopoulos Nicoletta’, Coutu Daniel’,
DiRaddo Robert?, Yousefi Azizeh-Mitra® 'Lady Davis Institute for Medical Research, McGill
University, Montreal, QC, Canada; ZIndustrial Materials Institute, National Research Council
Canada, Boucherville, QC, Canada

PURPOSE: Biomaterials capable of efficient gene delivery by embedded cells provide a
fundamental tool for treatment of diseases. Maintaining adequate nutrient/oxygen dif-
fusion to cells within the biomaterial is essential for cell survival.! Based on these hypoth-
eses, this presentation will focus on development of 3D macro/microporous scaffolds, by
combining the 3D-plotting and porogen leaching techniques. The in vitro results for
poly-L-Lactide (PLLA) scaffolds seeded with murine bone marrow-derived mesenchy-
mal stromal cells (MSCs), genetically engineered to secrete erythropoietin (Epo) will be
presented. This talk will also give an overview on computational design of these con-
structs targeting optimal scaffold architectures to control in vivo drug delivery.

METHODS: The plotting material was prepared by dissolving PLLA in methyl ethyl
ketone, and subsequently mixing with 10 to 50% wt/wt of salt particles (NaCl, 30-75
um). The plotting material was transferred to a bioplotter from Envisiontec and dis-
pensed layer by layer forming 0°/90° strand layout and controlled pore size of 150 um.
The scaffolds were then washed and vacuum-dried to extract the porogen and remove
the solvent. Macroporous scaffolds (no porogen) were used as controls. Unconfined
compression tests were conducted on scaffolds in a saline bath to estimate the compres-
sive stiffness. MSCs were isolated from female 15-20g C57Bl/6 mice (Laprairie Co) and
then genetically engineered by several rounds of retroviral transduction with filtered
retroviral particles from subconfluent GP+E86 cells previously transfected to express
the cDNA for murine Epo.2 The sterilized scaffolds were coated with gelatin (1% in PBS)
and seeded at a cell density of 1X10%ml. The constructs were then cultured for 2 weeks
and removed at specific time points for evaluation of adhesion, proliferation and viabil-
ity (n=4). The Epo secretion was quantified by an ELISA kit (Roche Diagnostics). The
attachment and growth of MSCs were examined by scanning electron microscopy (SEM)
and histologic study, and the cell activity by MTT assay.

RESULTS/DISCUSSION: SEM images following 2 weeks of static seeding showed
cell attachment onto and between the strands. Hematoxylin-Eosin staining revealed a
uniform distribution of cells within the scaffolds at the highest microporosity (50% salt).
Cell viability was enhanced with increasing microporosity most likely because of more
efficient oxygen/nutrients transport within these constructs. After one week of culture,
the genetically engineered MSCs demonstrated a 2 fold increase in Epo release within
micro/macroporous scaffolds compared with macroporous constructs (P < 0.05). This
was attributed to the enhanced cell viability in the presence of micropores.

CONCLUSIONS: This study showed that the macro/microporous constructs can
promote cell viability and release of therapeutic proteins, and demonstrated their capac-
ity for a dual role, as scaffolds for tissue regeneration and as delivery systems for soluble
gene products.
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A Multi Level Computational Modeling for Quantifying Cell
Deformation in Encapsulated Alginate Structures

Kalyani Nair', Karen Chang Yan?, Wei Sun'  "Mechanical Engineering, Drexel University,
Philadelphia, PA, USA; “Mechanical Engineering, The College of New Jersey, Ewing, NJ, USA

PURPOSE: In this study, the stresses and deformations of encapsulated cells under
compressive loads are quantified via a multilevel nonlinear finite element approach. The
macro-level model is used to mechanically characterize the alginate-cell construct. At the
microlevel, the effects of alginate concentration, cell model, and the microlevel geomet-
ric heterogeneity on cell deformation are examined. Cells are modeled as single phase
inclusions containing only a nucleus phase; then as a 2 phase inclusion comprising of a
nucleus phase and cytoplasm phase. This study also analyzes the effects of 2 geometrical
parameters namely cell size and cell distribution on the local stress levels of the cell.
Subsequent statistical analyses provide insight for the degree of influence from these
factors.

METHODS: The analyses were conducted via a multilevel nonlinear finite element
method. The macro-level analysis is a nonlinear finite element model that characterizes
the macroscopic behavior of alginate discs with encapsulated endothelial cells under
load. Upon the results of the macro analysis, a microlevel analysis is conducted to
determine local stress/strain fields in a selected region with the encapsulated cells. Nu-
merical results are determined and analyzed to quantify the effects from various sources
on the local cell responses.

RESULTS: The study shows that cells embedded in a higher alginate concentration
(3%wt/vol) would experience higher stress levels when compared with cells embedded in
alower alginate concentration (1.5%wt/vol). Furthermore, the analysis of the geometric
heterogeneity indicates that there is much higher stress concentration in areas where cells
are clustered together compared with the areas where cells are relatively isolated.

DISCUSSION/CONCLUSIONS: We first focus on quantifying the effects of micro
physical and geometric heterogeneity on the endothelial cells encapsulated in alginate gel
under load, via the multilevel finite element approach. The microlevel stresses and
deformations that cells are subjected to under macro-level loads are analyzed. Secondly,
we examined the modeling of the cell, with and without a distinction between the
cytoplasm and nucleus in terms of material properties. From the single phase model, the
cell can withstand higher stresses since the nucleus is much stiffer than the cytoplasm.
However, to look into cell damage, it becomes imperative to identify the stresses at the
cytoplasm which is much less stiffer than the nucleus. Additional information obtained
from the detailed model may be linked to membrane damage and cell injury. Finally, this
study also analyzed the effects of 2 geometrical parameters namely cell size and cell
distribution on the local stress levels of the cell. This further enables us to understand the
differences in terms of stresses and deformations at the cellular levels when cells are
isolated versus a state when cells form clusters.
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