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ABSTRACT: Correlating the biomechanical properties of
tissue with its function is an emerging area of research with
potential impact in diagnostics, therapeutics, and prognostics.
A critical stepping-stone in developing structure−function
models is creating methods that can correlate the tissue
structure with its mechanical behavior. As an initial step in
addressing this challenge, we have characterized the mechan-
ical behavior of unprocessed pancreatic tissue using optical
fiber polarimetric elastography. To correlate the observed
behavior to physiologically relevant structural features, a series
of architectures are designed and fabricated using 3D printing.
The mechanical response of the 3D printed elastomeric
structures is analyzed using compressive testing and modeled using finite element analysis. The biomechanical behavior and
buckling point of the 3D printed structures is used to create a calibration curve to understand the measured response of the
resected pancreatic tissue. Based on the modeling and biomimetic results, the biomechanical behavior of pancreatic tissue is likely
due to the collagen IV network.
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1. INTRODUCTION

The biomechanical characteristics of tissue are increasingly
being implicated in the development of both chronic and acute
diseases.1 Diseases as diverse as cancer, blast induced traumatic
brain injury (bTBI), and heart disease all are known to involve
the stiffening of tissue.2−4 However, in all of these cases, little is
understood about how the structural changes directly correlate
to the tissue’s function.5,6 By creating advanced analytical
methods and techniques for characterizing living tissue,
improved models of disease progression across a variety of
chronic and acute diseases can be developed. Eventually, these
models could be used to design preventative therapeutics by
identifying and treating the pathologies earlier in the
progression of the disease.
However, studying the mechanics of living tissue is

challenging due to the complex structure of the tissue. For
example, the extracellular matrix (ECM) is a three-dimensional
structure comprised of interconnected cells and a network of
supporting scaffolds that have a wide range of viscoelastic
properties.3,7,8 In order to understand the mechanical behavior

of tissue, methods must capture the tissue as a whole, as well as
the micron-scale heterogeneity. Conventional mechanical
characterization methods developed for viscoelastic material
analysis are optimized for a single length scale. An additional
challenge is that the mechanical behavior of tissue changes over
time due to cellular death and autolysis. These changes begin
immediately after a tissue section has been excised. As such, the
biomechanical analysis of resected tissue must be performed
within the first 2 h after resection, before the onset of rigor
mortis.9 This limits the extent of mechanical behavior
characterization that can be performed on the tissue. Therefore,
researchers have focused efforts on understanding the structure
of tissue through imaging and chemical characterization.
Several imaging methods including immunohistochemistry,

multiphoton microscopy, and confocal microscopy have been
used to characterize tissue structure.5,10−15 For all imaging and
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chemical characterization measurements, the tissue samples
must undergo significant processing, including staining and
fixing with additional reagents. These processes are time-
consuming and may impact the structure of the tissue.
Immunohistochemistry (IHC) is a form of imaging that
enables specific biomarkers indicative of stiffness to be selected
and imaged.5,10,11 IHC is limited by the fact that the biomarkers
must be known before conducting experiments. Second
harmonic generation imaging (SHG) is an alternative method
of imaging that can be used to resolve the ECM structure
within the tissue without having to target specific biomarkers
using fluorescent probes. SHG has been used extensively to
visualize collagen within different tissues.5,11,12 In addition to
being able to take 2D images of tissue, 3D images can be
reconstructed using techniques such as confocal microscopy.
The 3D reconstructions of mm scale samples provide
information about the structure of the ECM with μm
resolution.13−15 Ultimately, for all imaging techniques, the
biggest limitation is that the results are static. Thus, there is no
way to measure the dynamic mechanical response of the
structures to mechanical interrogation.
Mechanical analysis methods offer significant advantages over

imaging because a range of mechanical characteristics can be
studied by modifying the experimental parameters. Examples of
mechanical properties include buckling, bridging, and delami-
nation.16−18 One approach for categorizing mechanical analysis
methods is to evaluate their compatibility and utility for
analyzing complex biological samples. Methods such as
rheology, sonoelastography, and optical coherence elastography
are able to measure the ECM but tend to have lower
resolution.19−21 Methods such as atomic force microscopy
(AFM) have nm resolution allowing individual cells to be
studied, but they are unable to measure the dynamic
mechanical behavior of intact ECM structure.22 This limitation
is primarily due to the fact that AFM is not suitable for
analyzing the large-scale mechanical deformations that the
ECM networks undergo and that are characteristic of individual
tissues.
To address these limitations, optical fiber polarimetric

elastography (OFPE) has emerged as a method of high
resolution mechanical testing of biomaterials that is able to
capture the global tissue mechanics despite the heterogeneity of
the ECM composition.23−25 In addition to the Young’s
modulus, OFPE can detect dynamic mechanical behaviors
such as buckling and hysteresis. Therefore, OFPE can be used
to measure the biomechanical behavior of tissue before the
onset of rigor mortis.
In parallel, significant advances in fabricating biomimetic

structures have occurred. Several methods exist, including
directly writing with elastomeric and hydrogel inks, casting
hydrogels, and lithographic etching of silicone elastomer.26−28

While they all have advantages, they are limited in the
resolution and complexity of the geometries they can create.
Recently, an alternative method for creating biomimetic
structures with nearly arbitrary geometries was developed
based on indirect 3D printing. In this method, an inverse mold
of the desired biomimetic structure was 3D printed.29 This
approach enables a significantly wider range of materials to be
fabricated, as the materials are no longer directly patterned
using etching or UV illumination.
In the present work, we design and fabricate 3D printed

elastomeric structures based on imaging and perform finite
element analysis (FEA) modeling of their mechanical behavior.

These results are compared to OFPE analysis of pancreatic
tissue, allowing the primary structure governing the dominant
biomechanical behavior to be identified. The biomimetic
structure design is based on past results in the literature, and
confirmed for the specific pancreas samples mechanically tested
with pathology imaging.30 By combining model and real
systems, we are able to address gaps in the understanding of
tissue biomechanics.16,31 We focus the biomechanical compar-
ison on the buckling point of the two different material systems,
and we perform complementary FEA modeling to quantify the
relative contributions of the different structural elements. OFPE
results are used as physiological guidelines to determine the
accuracy of the modeling results.

2. THEORY
It is well-known that the geometry of viscoelastic materials has
a significant impact on their mechanical response.29,32,33 In
order to understand the elastic behavior of a structure, a series
of analytical functions can be used to describe the mechanical
behavior of the material in terms of a strain energy function34
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where I1, I2, and I3 are the strain invariants of the Green’s
deformation tensor. Within this relationship, I1, I2, and I3 can be
defined, and λi is a distinct principle extension ratio:34
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The biomimetic structures are fabricated from a hyperelastic
material and thus are incompressible. Therefore, I3 = 1 since it
represents the compressibility of the material within the tensor.
Eq 1 can be simplified to34
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To fit the results to a neo-Hookean model, the strain energy
function is derived from the reduced polynomial model. Eq 5
thus must be modified to reflect this change35
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where j = 0, Jel is the elastic volume ratio, I1̅ is the first invariant
of the deviatoric strain, and N is the number of terms in the
strain energy function. The material constants Ci0 and Di
describe the shear behavior and the compressibility of the
material, respectively.

3. MATERIALS AND METHODS
3.1. Pancreatic Tissue Sample Preparation. To obtain

pancreatic tissue samples, surgical fellows resect sections of porcine
pancreatic tissue from animals under anesthesia (University of
Southern California IACUC Approval-10843). The organ samples
are then placed in RPMI media (Gibco, RPMI 1640) without any
additives and put on ice until testing. The samples are stored for less
than 2 h to ensure that the tested biomechanical properties accurately
reflect that of the unresected tissue. Alternative culture media without
additives, such as DMEM, could be used since the tissue is stored for
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less than 2 h and is not frozen. Individual sections with dimensions of
7 mm × 7 mm × 4 mm (lxwxh) are cut for imaging and compressive
testing.
For imaging purposes, the pancreatic tissues are fixed in 10% neutral

buffered formalin for 24−30 h, paraffin-embedded, and sectioned at 5
μm thickness. A hematoxylin and eosin (H&E) stain is performed
according the manufacturer’s instructions (Leica Biosystems). The
stained sections are then imaged using a light microscope. An example
of the images obtained after H&E staining is shown in Figure 1a. All
mechanical testing is completed on unprocessed tissue samples within
the delay period before the onset of rigor mortis, which corresponds to
the first 2 h after resection.

3.2. Biomimetic Structure Design. Based on past imaging
studies that have identified the ECM structure of pancreatic tissue, a
simplified structure is designed in SolidWorks (Figure 1b).5,10−15,30

Pathology imaging results are used to confirm that the geometry of
mechanically tested pancreas samples is consistent with past results
(Figure 1a). The design used for the ECM of pancreatic tissue is an
orthorhombic crystal structure with an interconnecting support lattice.
Five variants on the base structure are designed by changing the

diameter (D) of the beams while holding the length (L) constant,
providing a range of diameter to length ratio (D/L) values spanning
from 0.11 to 0.25. The criteria for selecting the D/L range are based
on previously published IHC, SHG, and SEM imaging results of the
ECM of pancreatic tissue.5,10,11,30 Based upon these results, we
determined a range of values from 0.11 to 0.25 would likely include
the physiological range of ECM thickness and would provide the
information necessary to determine the primary biomechanical
behavior of the structure.
An additional five variants on the base structure, resulting in six total

structures, are designed by systematically removing different support
beams, as indicated by the arrows in Figure 1b. The variations on the
geometry were selected in a systematic way that mimics the methods
used in crystallography research.36 Changes were limited to the
support of one face of the structure, and the beams were sequentially
removed to better understand how each contributes to total load
bearing. In this set of designs, the D/L ratio is held fixed at 0.25.
3.3. FEA Modeling of the Mechanical Behavior. The buckling

behaviors of the biomimetic structures are modeled using commercial
FEA software, Abaqus FEA. The material is taken to obey the neo-
Hookean model. The compression test is modeled with strain-
controlled loading. The Riks model is employed to capture the
buckling and postbuckling behaviors. Mesh refinement studies are
performed to ensure the accuracy of the results. The buckling point is
identified as the critical point of the stress−strain curve of the
structure.
The lattice is comprised of a neo-Hookean material, where the

material coefficients are 0.5 (Ci0) and 0.1 (Di), respectively. A
displacement of 0.5 mm is applied to the top surface of the part to

simulate a compressive load that generates a large deformation. A
mesh of 0.9 mm is applied to the structure. According to the structural
symmetry, boundary conditions are built along the five planes of
symmetry, and only a small part of the lattice is modeled. This allows
us to decrease the computational cost.

3.4. Biomimetic Structure Fabrication. Projection micro-
stereolithography is used to 3D print the biomimetic structures.
First, the precise geometries are defined in SolidWorks. These are used
to 3D print hollow scaffolds using projection microstereolithography.
The scaffolds are printed from a photoresin comprised of N,N-
dimethylacrylamide (40 wt %), methacrylic acid (40 wt %),
methacrylic anhydride (7 wt %), polyvinylpyrrolidone (11 wt %),
2,4,6-trimethylbenzoyl, and phosphine oxide (2 wt %).29,37 The
stereolithography system prints a single 2D slice of the structure, using
UV light to cure each photoresin layer. This process is performed
iteratively until the entire scaffold has been created. The structure is
printed on a glass stage build plate, which is submerged in a solution
well. The solution well is protected by a thin oxygen permeable
membrane to prevent adhesion between the resin and the solution well
by creating an oxygen rich zone that inhibits photopolymerization.29

Once completed, the scaffold is dried in ambient lab conditions for
2 h (Figure 2a/b). Then the scaffold is filled with a tin-catalyzed
silicone elastomer (Mold Max NV14) using a syringe pump (Figure
2c/d). A mixture of a 10:1 ratio of base to cross-linker, by weight, is
used for the silicone elastomer. Once filled, the silicone elastomer is

Figure 1. Images of pancreatic tissue are used to determine the
physical structure of the biomimics. (a) Sections of pancreatic tissue
are stained with hematoxylin and eosin and imaged using a light
microscope. (b) Based on these parameters, simplified structures are
drawn in SolidWorks and used for fabricating biomimetic structures
and computer modeling.

Figure 2. Fabrication of the biomimetic structures has three primary
steps: (a/b) a hollow scaffold is 3D printed using projection
microstereolithography, (c/d) a silicone elastomer is filled into the
hollow scaffold and allowed to cure for 12 h, and (e/f) the hollow
scaffold is dissolved away from the silicone using NaOH for 6 h.
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cured for 12 h at 25 °C. The final step is to dissolve away the
photoresin scaffold by placing the structure in a falcon tube containing
1 mol/L NaOH for 6 h. The elastomers are cleaned of excess resin and
rinsed in DI water before testing (Figure 2e/f).
3.5. Compressive Testing. Compressive testing is used to

characterize the response of the biomimetic structures and pancreatic
tissue samples to mechanical loading and unloading. Due to the unique
material composition and length scales of these two different sample
types, different methods of compressive testing are performed based
on the sample. The biomimetic structures are tested using an Instron
Loadframe (Figure 3a) because the posts of the 3D printed structure

have the potential to move, which would result in a nonuniform force
on the OFPE sensor. The pancreatic tissues are tested using OFPE
(Figure 3b) because the Instron cannot be transported and used in the
BSL2+ environment required for porcine testing. Though they are
tested using two different methods, the experimental parameters of
compression are the same. Strains of 10%, 20%, and 30% are applied to
each sample over a 30 s loading−unloading interval and increasing the
strain rate increases the strain. This way, the results can be directly
compared, even though different systems are used.
A schematic of the testing setup for the biomimetic structures is

shown in Figure 3a. Compression rates of 0.067, 0.13, and 0.2 mm/s
are used with a total interval of 30 s.
Compressive testing of the pancreatic tissue samples is conducted

using OFPE. A schematic of the instrument is shown in Figure 3b. The
pancreas samples are tested under identical conditions and strains as
the biomimetic structures with compression rates of 0.033, 0.067, and
0.1 mm/s.
The OFPE method is based on the same principle as the Instron

Loadframe with an optical fiber acting as the force sensor. Because the
optical fiber is highly birefringent and polarization maintaining, the
compressive force applied to the sample changes the way the light
travels within the optical fiber, changing the polarization (ΔPol). By
recording this change on a polarimeter, ΔPol vs Strain graphs, which
are analogous to Stress vs Strain graphs, can be acquired. In addition,
the optical fiber sensor offers improved spatial resolution over the
loadframe’s dashpot sensor. Given the heterogeneity of biomaterials,
this improvement in resolution is critical. This system has been used to
characterize a variety of biomaterials in the past.23−25

4. RESULTS AND DISCUSSION
4.1. Compressive Testing of Pancreatic Tissue. The

results from compressive testing of pancreatic tissue using
OFPE are shown in Figure 4. The loading curves result from
compression of the tissue at 10%, 20%, and 30% strain. This
testing protocol was previously demonstrated to be below the
threshold of tissue damage.25 The loading curves taken with the
OFPE method demonstrate higher resolution than other
methods. Therefore, in addition to the Young’s modulus of
the tissue, the buckling and hysteresis of the tissue can be
resolved. Using these experimental results, we focus on
reproducing the observed buckling characteristics through

modeling. In this sample, the buckling point of the pancreatic
tissue at 30% strain is between 22 and 25% strain.
There are a multitude of structures within the tissue that

could give rise to the observed buckling behavior. However,
due to the nanoscale size of these structures and changes to the
tissue over time, it is impossible to identify the structure that is
primarily responsible for this behavior with conventional
compression testing methods.5,6

To solve this challenge, we develop computational and
biomimetic models based on the pathology, IHC, SHG, and
SEM images of the tissue.5,10−15,30 With these models, the
geometry can be modified and used to determine the
characteristics of the structures giving rise to the measured
biomechanical behavior. The modeling results are compared to
the results from compressive testing of the tissue to ensure that
they align with the physiological parameters of buckling.

4.2. Modeling Results. FEA modeling of the structure is
performed to understand the impact of changing the geometry
and structure on the buckling behavior. Two different sets of
geometric changes are modeled. The first set investigates the
dependence of the mechanical behavior on the r ratio between
the diameter and length (D/L) of the pillars. The second set
investigates the impact of removing support pillars. Images
from the FEA modeling of one of the biomimetic structures
(D/L = 0.21) are presented in Figure 5. FEA images from
additional structures are included in the supplement. For all of
the geometries modeled, as the strain increases, the response of
the structure changes. At the strain values studied in the present
work, the structures do not experience irreversible damage.

Figure 3. (a) Schematic of the Instron compressive testing setup with
a rendering of the biomimetic structures. (b) Schematic of the OFPE
testing setup with a pancreas sample.

Figure 4. Mechanical testing results from compressive testing of
pancreatic tissue with OFPE at 10%, 20%, and 30% strain. Key: Run 1
(black), Run 2 (red), Run 3 (blue), Run 4 (green), and Run 5
(purple).

Figure 5. Images from FEA simulation of the buckling of a structure,
with a ratio of D/L of 0.21. As increasing strain is applied to the
structure buckling begins to occur. Buckling of this structure occurs
around 30% strain. The structure undergoes several unique regions (a)
before compression occurs, (b) during compression before buckling,
(c) buckling occurs, and (d) buckling has occurred. The quantitative
scale represents the strain on the structure between 0% and 30%. Key:
0% strain (blue), 10% strain (aqua), 20% strain (green), 30% strain
(red).
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Using the FEA model, we plot the stress vs strain within a
suite of five structures with different D/L ratios (Figure 6a).

The D/L ratios modeled vary between 0.11 and 0.25. These
values are selected based on published images of the pancreatic
ECM plus additionally values that are larger and smaller to fully
map out the size range.5,10−15,30 In all five structures modeled,
there is a clear buckling point. Over the D/L range studied, the
dependence of the buckling point on D/L is linear (Figure 6b).
Using the FEA model, we plot the stress vs strain within a

suite of six structures with different configurations of support
beams along one face (Figure 7g). The geometries of these
structures are shown in Figure 7a-7f, where the red beams
represent the beams that have been removed. For this suite of
structures, the D/L is fixed at 0.25. Despite the changes in
geometry, the buckling point remains fairly constant, varying
from 0.23 to 0.24 (Figure 7g). However, the maximum stress
that can be applied to the structure varies from 0.39 to 0.51
MPa. The change in the maximum stress is directly related to
the number of pillars that are removed. The structure with all of
the support pillars removed has the lowest stress when it
buckles, and the structure with all of the support pillars intact
has the highest stress when it buckles. Structure (e) represents
the buckling characteristics most similar to the physiological
limits of buckling set by our porcine pancreatic tissue testing
(Figure 4).
4.3. Compressive Testing of the Biomimetic Struc-

tures. The results from the compressive testing of the
biomimetic structure depicted in Figure 7e, where two adjacent

beams are removed, are plotted in Figure 8. Graphs from all six
structures printed and compressively tested are included in the
supplement. There is good reproducibility between subsequent
runs of the same sample at each strain. Deviations are primarily
attributed to movement of the sample on the platform between

Figure 6. Simulation results for buckling characteristics of five
biomimetic structures. (a) Loading curves for five simulated structures
with variable D/L ratios. Key: D/L = 0.25 (purple), D/L = 0.21
(green), D/L = 0.18 (blue), D/L = 0.14 (red), D/L = 0.11 (black). (b)
A linear fit is applied to the buckling strain for the five simulated
structures vs the D/L ratio. Note the model stops at 0.45 strain for the
structure with D/L = 0.25 because the model can no longer reach
convergence at that point. Key: buckling point (black squares), linear
fit (red line).

Figure 7. A suite of six silicone elastomer structures with known
defects is fabricated. The structures are modified by removing the
support beams of one of the faces of the symmetric structure to
demonstrate how changing the fundamental structure impacts load
bearing. The support beams, which have been removed, are indicated
in red. (a) Structure where all the support beams remain intact. (b)
Structure where all the support beams are removed. (c) Structure
where the middle support beam is removed. (d) Structure where one
outer support beam is removed. (e) Structure where both the middle
support beam and one outer support beam are removed. (f) Structure
where both the outer support beams are removed. (g) Simulation
results for buckling characteristics of the six structures fabricated. This
figure represents the loading curves for all six structures with a
constant D/L ratio of 0.25 generated using our ABQUS model. Key:
(a) purple diamond, (b) green triangle, (c) blue triangle, (d) teal
circle, (e) red hexagon, (f) black square.

Figure 8. Mechanical testing results from using an Instron to
compressively test the biomimetic structure depicted in Figure 7e at
10%, 20%, and 30% strain. Key: Run 1 (black), Run 2 (red), Run 3
(blue), Run 4 (green), and Run 5 (purple).
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runs because the sample is not attached to the Instron stage.
While attaching the sample can reduce movement, it can also
introduce other artifacts into the measurement.
Differences in the exact buckling strain between the

experimental structure and the modeled structures are due, in
part, to differences in D/L throughout the structure.
Experimentally controlling the D/L ratio is challenging because
the final step of fabrication involves dissolving the support
scaffold in 1 mol/L NaOH. This process can slightly modify the
size of the molded structure. Alternative methods to improve
the fabrication consistency are currently under investigation.
For the purpose of this research, the reproducibility, the impact
of D/L ratio, and the impact of geometry on the buckling strain
are more significant than the exact value of the buckling point.
The buckling points are consistent between subsequent runs

of the same experimental conditions on the same biomimetic
structure. The buckling occurs at the same point within
consecutive runs because the individual components of the
structure can bend and return to their original configuration.
None of the structures exhibit damage in response to repeated
compressive loading. The difference in buckling point for each
structure is attributed to the unique geometry of the structure.
4.4. Comparison of Pancreatic Tissue and Biomimetic

Structure Results. While the biomimetic structures are an
order of magnitude larger than the microstructures in the
pancreatic tissue, both the observed buckling behavior and
general mechanical response in this strain regime are extremely
similar. This is due to the similar geometry of both structures.
In both the biomimetic structures and the pancreas, there are
several points where the structure can bend without breaking.
Within the pancreas, this response is due to the geometry of the
ECM that surrounds the acinar cells, which is reproduced by
the beams of the biomimetic structures. The acinar cells create
multicellular structures that look similar to clusters of berries
and comprise the majority of the pancreas. Each acinar cell is an
ellipse that connects to the intercalated duct.38 Therefore, the
acinar cells lie adjacent to one another but are only connected
at a singular point. This directly corresponds to the biomimetic
structure with a single support beam at one end of the
structure.
To understand the parallels between our tissue and the

biomimetic structures, the buckling point of five different
pancreatic tissue samples determined with OFPE is plotted on
the linear fit of our FEA model (Figure 9). Using the FEA
results as a calibration curve, we are able to approximate the D/
L ratio of the pancreatic tissue samples. Based on our
experimental results, buckling occurs between 22 and 25%
strain. Therefore, our D/L ratio values fall between 0.16 and
0.18. This provides us with a quantitative method for
understanding the buckling within biomaterials.
Using the results from the fit in Figure 9, we can compare the

OFPE results for the tissue to the biomechanical behavior of
the different tissue components. As a rule, the ECM has been
established as the primary contributing factor to the
biomechanical behavior of different tissues.16 By using
published imaging results, we determine the D/L ratio of
different ECM components in pancreatic tissue.5,10−15,30,39−41

The ECM structure with a D/L value most similar to the
system modeled is the collagen IV.41 Collagen IV comprises the
basement membrane of pancreatic tissue.30 These structures
have been well characterized and are generally described as a
chicken wire or honeycomb structure providing the framework
for cell-to-cell adhesion.30,39−41 The relative scale described, as

well as the known relationship between the acinar cells, fits
within our imaging, modeling, and biomimetic structural
results.
Current analytical and computational models have been

unable to fully explain the biomechanical characteristics of
tissues.16,31 The limitation of existing methods is in part due to
the fact that the structures of the ECM are nonuniform and are
comprised of multiple materials.42 By combining our
experimental results from pancreatic tissues with dynamic
computational and 3D printed models, we are able to develop a
method that provides an unprecedented way of understanding
the impact of the ECM geometry on the mechanical behavior
of tissue.

5. CONCLUSION
In conclusion, we have demonstrated the ability to correlate
biomimetic structures to the microstructure of biological tissues
analyzed using nondestructive OFPE. This approach enables us
to perform studies on the impact of the geometry of the ECM
structure on the biomechanical characteristics of the tissue.
Using this new method, we are able to correlate specific
geometric features to biologically relevant microarchitectures in
porcine pancreatic tissue.
Moving forward, this approach will facilitate a deeper

understanding of the mechanical properties of tissues. In
turn, this will enable researchers and clinicians to investigate
and understand the complex role of ECM geometry in the
biomechanical properties of tissues. By improving our under-
standing of how mechanical changes are associated with disease
pathology, new approaches for therapeutics and diagnostics can
be designed and developed. Eventually, these models may be
tailored to specific patients to track the progression of
biomechanical characteristics of their tissues as diseases
progress. Due to the fact that changes in the structure of
tissues are nearly ubiquitous across all disease pathologies, this
method is promising in understanding both chronic and acute
diseases.1−4,7

■ ASSOCIATED CONTENT
*S Supporting Information
The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acsbiomater-
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