MOTIVATION

Modeling & simulation (M&S) .
Virtual experiments

has significant utility in:
@ scientific discovery 0

structure-function relationships virtual specimens
Iin health & disease / |
mechanistic foundations i siiico tnais

of data associations °°°°°
332348

® engineering innovation

Intervention design & evaluation °°°°°

® clinical care virtual population
diagnosis/prognosis
intervention safety & performance
medical training

individualized medicine virtual
patient

individualized
medicine

nnnnnnn

S M iim| Computational models
Ad?ancmg Regulatory can reduce:

Sc1encew§"c,,f
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5. Develop a virtual physiologic patient: . .
a) Encourage the development of computer . a n I m a I St u d I e S
models that incorporate radiological
imaging data of healthy and diseased
anatomy from a range of relevant diseases;
b) Ensure the integration of these models
with genomic and other physiological L L
data to promote development of complete . h u m a n S u bJ e CtS te St I n g
physiological models and simulations that
can be used in the development and testing
of medical devices and other medical
products; and

) Create a library of models so that models .
validated by FDA are easily accessible to . C a d a Ve r eX p e rl I I I e n tS
Akl | researc hers.
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Utmost leverage of M&S will be possible by
democratization of M&S enterprise:

@ High performance computing yr
hardware is accessible. L

® Simulation software evolved

computing

dramatically for analysis of hardware
nonlinear biological structures.

® However, limited access to usable, comprehensible,
and credible models with desired specificity and
efficiency impedes progress.

Using biomechanics as the application domain,
the goals of this study are:

@ to recognize desirable properties for
democratization of M&S

@ to identify challenges to achieve the desirable
properties

@ to demonstrate strategies to tackle the challenges

Sample projects are:

to develop in silico biomechanical models
of healthy and diseased knee joints of
different genders and ages

to provide knowledge, data and
models for mechanics of multi-
layer tissue structures of limbs

SPECIFICITY

DEMOCRATIZATION OF MODELING
AND SIMULATION IN BIOMECHANICS

EFFICIENCY

ACCESSIBILITY

Strategies

magnetic resonance imaging

specimen-specific

Goal To increase the quality of
relating to a particular subject

Challenges lack of comprehensive
specimen-specificity e limited availability of
sample variations @ logistics of data collection

invivo =  in vitro
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Strategies

Demonstrations with
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Goal To increase the quality of
being easy to use

Challenges model robustness elack
of tools for utilization @ customization for
reuse e translation to clinical practice

Open Knee: Open Source Modeling and
Simulation in Knee Biomechanics

Ahmet Erdemir, PhD'

clinically relevant ...

ational Biomodeling (CoBi) Core an

Achieving full specimen- speC|ﬁC|ty In knee models
through comprehensive in vitro testing

Building a large database of multi-layer tissue
properties with practical in vivo testing

Strategies

Goal To increase the quality of
achieving maximum productivity
with minimum wasted effort

Challenges manual workflows ebalancing
cost and accuracy e heterogeneous formats e
need for high-throughput analysis

automation

Python scripting for unsupervised mesh assembly,
model generation, multi-format output with
support for object replacement
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data analysis
model development
simulation

post-processing
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ACTIVITIES TO ACHIEVE

DESIRABLE PROPERTIES

d Department of Address for correspondence Ahmet Erdemir, PhD, Computational

Biomedical Engineering, Cleveland Clinic, Cleveland, Ohio Biomodeling (CoBi) Core and Department of Biomedical Engineering,
Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195
u S e C a S e S ) Knee Surg 2016;29:107-116. (e-mail: erdemira@ccf.org).
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Cloud computing to
evaluate models
with ease
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Strategies

Goal To increase the quality of
being easy to understand

Challenges consistency of terminology
e specificity of information ecorrespondence
of documentation to reproduction

Detailed and
transparent
documentation of
specifications

for experimentation

and modeling

ntents lists available at SciVerse ScienceDirect

FOR DEMOCRATIZATION

3.Tra p rt Specimen
4. Position/Orient Specimen in MRI Machine
S. A q re Image Seque
1. SETTINGS 1 SPEC MEN LOCATORS
2. SETTINGS 2: GENERAL PURPOSE IMAGING
3. SETTINGS 3: CARTILAGE IMAGING
4. SETTINGS 4: CONNECTIVE TISSUE IMAGING
6. Store Data
7. Disseminate Data
8. Store Specimen
4. References
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ive article
Considerations for reporting finite element analysis studies in biomechanics

model identification

verification & validation

Goal To increase the quality of being
easy to obtain

Challenges heterogeneous data
management e discoverability ecompleteness
of information etracking origin @ licensing

St rateg Ies A

Utilizing biomedical
repositories for open
development, and
dissemination of raw
and derivative data,
models, and
simulation results
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Representations of the Knee Joint

About Downloads Documents Forums Wiki Source Code Issues Simulations News Admin

Downloads 7,819
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Note

Download Package

Free and open source licensing to promote

modification, reuse, and redistribution
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MULTSBtRf ce Models for Multi-Layer Tiss

Web-based
Interfaces for
organization,
tracking,

and query of
large databases
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Challenges

Strategies

Informing and learning

from community initiatives

Data integrity is supported
by activities related to
Accessibility.

Uncertainty estimation,
sensitivity analysis, and
verification & validation

are supported by
activities related to
Specificity.

Data reproducibility
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Goal To increase the quality of
being trusted

lack of unified guidance

e uncertainty of reproducibility potential @
accountability throughout M&S lifecycle

Rule 1 — Define context clearly.

Plan and develop the M&S activity with clear definition of the intended pur;
context accommodating end-users' needs.

Rule 2 — Use appropriate data.

Use data relevant to the M&S activity, which can ideally be traced back to the source.
Rule 3 — Evaluate within context.

Evaluate the M&S activity through verification & validation, uncertainty quantification,
and sensitivity analysis faithful to the context/purpose/scope of the M&S efforts, with
clear and a-priori definition of evaluation metrics and including test cases.

Rule 4 - List limitations explicitly.

Provide an explicit disclaimer on the limitations of the M&S to indicate under what
conditions or applications the M&S may or may not be relied on.

Rule 5 — Use version control.

Implement a version control system to trace the tifre hi ctivities,
including delineation of contributors' efforts.

Rule 6 — Document adequately. \\_.— -

Document all M&S activities, including simulation code, model markup, scope and
intended use of M&S activities, users' and developers' guides.

Rule 7 — Disseminate broadly.

Disseminate appropriate components of M&S activities, including simulation
software, models, simulation scenarios and results.

Rule 8 — Get independent reviews.

Have the M&S activity reviewed by independent third-party users and developers,
essentially by any interested member of the community.

Rule 9 — Test competing implementations.

Use competition of multiple implementations to check the conclusions of different
implementations of the M&S processes against each other.

Rule 10 — Conform to standards.

Adopt and promote generally applicable and discipline specific operating procedures,
guidelines, and standards accepted as best practices.

—

Ten "Not So" Simple Rules
by Committee on Credible Practice
of M&S in Healthcare
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Analysis reproducibility

GOALS

USABILITY

COMPREHENSIBILITY

CREDIBILITY




