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INTRODUCTION

The role of computational modeling and simulation (M&S) in healthcare research and practice continues to expand [1-2]. However, the full potential of M&S for facilitating scienftific discovery and clinical care can
only be realized when M&S workflows and end-products are credible. The Committee on Credible Practice of Modeling & Simulation in Healthcare (the Committee) was established under the Inferagency Modeling
and Analysis Group (IMAG) and the Multiscale Modeling (MSM) Consorfium [2] to establish Guidelines for Credible Practice of Modeling and Simulation in Healthcare. This informational poster primarily focuses on the
Committee’s work to develop and adopt the credible practice guidelines, accompanied with a practical example on how to successtully implement this guidance to establish M&S credibility.

ABOUT THE COMMITTEE

Committee’s charge

1. Propose guidelines and procedures for
credible pracftice

2. Adopt a consistent terminology

3. Demonstrate workflows for credible practice

4. Promote good practice
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Multifaceted Approach

The Committee strives for balanced representation of intferests and perspectives of different stakeholders,
such as clinicians and experts in modeling, simulation, development and evaluation of medical products,
and biomedical engineering.
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DEVELOPING THE GUIDELINES

Based on a survey of Committee members, the Committee has drafted its perspectives on “The Ten
Simple Rules of Credible Practice of M&S Iin Healthcare™ (Table 1) [4].

Rule

R1 - Define context clearly
R2 - Use appropriate data

Description
Develop and document the subject, purpose, and intended use(s) of the model or simulation.
Employ relevant and traceable information in the development or operation of a model or simulation.

Verification, validation, uncertainty quantification, and sensitivity analysis of the model or simulation are
accomplished with respect to the reality of interest and intended use(s) of the model or simulation.

Restrictions, constraints, or qualifications for or on the use of the model or simulation are available for
consideration by the users or customers of a model or simulation.

Implement a system to frace the time history of M&S activities including delineation of conftributors’ efforts.

Maintain up-to-date informative records of all M&S activities, including simulation code, model mark-up,
scope and infended use of M&S activities, as well as users’ and developers' guides.

Publish all components of M&S activities, including simulation software, models, simulation scenarios and
results.

R8 - Get independent reviews |Have the M&S activity reviewed by nonpartisan third-party users and developers.

R9 - Test competing Use contrasting M&S execution strategies to check the conclusions of the different execution strategies
implementations against each other.

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

Table 1: The Committee’s “Ten Simple Rules of Credible Practice of M&S in Healthcare” [4-6].

R3 - Evaluate within context

R4 - List limitations explicitly

R5 - Use version control

Ré6 - Document adequately

R7 - Disseminate broadly

R10 -Conform to standards

 The Committee also surveyed the broader research community 1o ensure a balanced representation of

the inferests and perspectives of global stakeholders in healthcare M&S.

* The preliminary results show that both the Committee and the broader community agree that the four
rules highlighted in Table 1 are necessary for credible practice of M&S in healthcare. [5-6]

» This has had an early impact in the field by informing the IMAG UO1 funding program [7]

« Analysis of the global survey data and consolidation with the Committee’s perspective is still in progress.

Synergistic Initiatives in Progress

Glossary of Terms - Develop consistent terminology among Promoting Good Practice - Promote good practice through webinars,
stakeholders presentations and professional engagements

Demonstrate Workflows - Document different strategies to achieve credible practice throughout the entire M&S life-cycle
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PRACTICAL APPLICATION EXAMPLE

The M&S workflow used by Rajagopal et al. [8] to develop, evaluate and publish a full body musculoskeletal
model illustrate the spirit behind the Committee’s Ten Simples of Credible Practice. Therefore, with permission
from Rajagopal et al., we selected their work to demonsirate how the essential elements of the fen simple rules
may be implemented.

DISCLAIMER: This example does not necessarily demonstrate the level of detail required to fully satisty the
Committee’s credibility guidelines. The granularity of how each rule is applied is solely dependent on the needs
of each MA&S project.

R1 - Define context clearly

Develop an open-source, three-dimensional musculoskeletal model that:
1. Has high-fidelity representations of the lower limb musculature of healthy, young adult individuals
2. Is suitable for simulating normal gait — specifically for walking and jogging/running, but should be tested before use for activities that
require high knee flexion such as sprinting and cycling
3. Is computationally fast enough for use in muscle-driven simulations.

Example research application: Investigating lower body joint load differences between heel-strike and midfoof-sfrike running techniques.

R2 - Use appropriate data

Data used to develop the model:
« Motion capture data from 41 retro-reflective markers tfracked at 100 Hz using an eight-camera mofion capture system
« Ground reaction forces and moments measured at 2000 Hz using over-ground force plates
« Musculotendon parameters derived from previous anatomical measurements of 21 cadaver specimens and magnetic resonance
Images of 24 young healthy subjects
« Expected variability in the data is provided in Supplemental Table | of Rajagopal et al. [8]

Data used to validate the model:
Experimental electromyography (EMG) data for the gluteus maximus, gluteus minimus, rectus femoris, vastus lateralis, biceps femoris long
head, gastrocnemius lateralis, tibialis anterior, and soleus

R3 - Evaluate within context

Tested model fidelity criteria by:
1. Qualitative comparison of musculoskeletal geometry of the model to experimental data
2. Quantitative and qualitative verification of simulated muscle-generated joint moments to inverse dynamics joint moments
3. Qualitative validation of simulated muscle activity to EMG data

However, comprehensive testing and sensitivity analysis is still needed.

Tested computational speed by comparing the speed of the Full Body Model to generate a single gait cycle simulation relative to other
frequently used musculoskeletal models.

R4 - List limitations explicitly

* Model does not contain representations of all lower limb muscles or representations of ligaments or other soff ftissues

« Chosen musculotendon parameters represent an average individual based on experimental data from literature, and these data
contain variability not captured in the model

« |t is assumed that as a muscle-tendon unit changes length, all fibers in the muscle change length equally

 Model tested within defined ranges of motion: 40° plantarflexion to 30° dorsiflexion; 0° to 120° knee flexion; 30° hip extension to 120°
hip flexion; 50° hip abduction to 30° hip adduction; and 40°hip external rotation to 40° hip internal hip rotation

« Users should always test within kinematic space the model will be used — particularly for movement with higher knee flexion angles

Full Body Model [8]

R5 - Use version control

R8 - Get independent reviews

Prior to making the model publically available, the

model was submitted for independent review in

conjunction with publication review of their

manuscript. During the initial submission of the

manuscript and model:

« All four reviewers were able to reproduce the
results reported in the manuscript

« Reviewers noted a need for more streamlined
and documented process to re-run simulations

« Several data discrepancies were identified in the
initial submission of the manuscript and model

All versions of the model, associated data, and
documentation are managed using the subversion
repository provided by SImTK. [9]

R6 - Document adequately

All associated documentation (e.g. readme file)
and publications are freely available for download
from the SImTK project site. [9]

R7 -Disseminate broadly

The model, data used to create the simulations,
documentation, and publications are freely
available for download from the SImTK project site.
The user community is also encouraged to make
refinements and share them. [8-9]

With resubmission of the manuscript and model,
Rajagopal et al. made several enhancements that
improved the usability of the model and alleviated
data discrepancies. [10]

R9- Test competing implementations

Simulation computation time of the model was compared to two other commonly used OpenSim models: the Delp model modified to
include arms, and the Arnold model

Model’s fidelity to simulate normal gait was not compared with these two commonly used models or any other model.

R10 - Conform to standards

 Model testing conformed to published guidelines for best practices “Best practices for verification and validation of musculoskeletal
models and simulations of human movement” [11]

« Human subject testing was carried out with Institutional Review Board approval

« Data collection, processing, and reporting methods conformed to practices generally accepted by the biomechanics community.

FORWARD WORK

 We anficipate the guidance provided by the Committee will evolve with the further penetration of
MA&S into healthcare.

 The Committee will continue to provide support to the IMAG/MSM community through its efforts to
develop consistent terminology, illustrative workflows, and resources for promoting credible practice
of modeling and simulation in healthcare.

» Projected outcomes of the glossary initiative are a peer-reviewed manuscript and contribution to the
Medical Dictionary maintained by the National Library of Medicine.

» The result of the other two synergistic initiatives will augment the guideline and a proposed Model
Certification Process.
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