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About

At MDIC, we unite in a shared mission to improve health and save lives by 
accelerating access to medical technologies. 

Through stakeholder collaboration, MDIC leads the way in advancing the scientific and technical 
foundations of medical device design, manufacturing, regulation, reimbursement and clinical 
integration. Founded in 2012 as a nonprofit, public-private partnership to elevate regulatory 
science, MDIC develops new approaches and tools for addressing shared challenges among 
medical device manufacturers, researchers, regulators, payers, patients, and health care 
providers. We deliver high impact work in the core areas of quality design and manufacturing, 
evidence generation, digital technology and transformation, and patient engagement.
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Learn more and join us in our mission!
MDIC.org



About MDIC
MDIC makes critical contributions to modernizing medical 
device regulatory science that accelerate innovation, reduce 
time to market, and expand patient access to essential health 
technologies.
 
MDIC operates as a 501(c)(3) public-private, collaborative 
partnership among regulators, medical device 
manufacturers, patients, researchers, clinicians, payers and 
other key stakeholders.

75+  
participating member 
organizations

900+ 
subject matter experts 
involved in working groups

70+ 
resources 
available to download in our 
digital resource library

50+ 
active working groups 
and committees

Industry

Government

Non-Profits

FDA ∙ CMS ∙  NIH 
BARDA ∙  CDC ∙ NIST 
AHRQ ∙ NRC Canada

Patients  
Providers 

Academics

Device
Diagnostics

 Digital Health

5



What impact can medical technology stakeholders have 
when they invest in solutions to shared challenges? 
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OUTCOMES

Higher Quality Devices

Improved Regulatory Pathways

Expedited Time to Market

Enhanced Patient Safety & Access

Better Evidence for Approval, 
Coverage & Utilization Decisions

FOUNDATIONS

Public-Private Stakeholder Collaboration

Subject Matter Expertise

Project Management

Resources & Education

Dedicated Working Groups Representing 
the Total Product Lifecycle



CORE AREAS OF IMPACT
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QUALITY DESIGN & 
MANUFACTURING

Drive adoption of advanced technology 
and processes across the total product life 

cycle to enhance device quality and 
patient safety

DIGITAL HEALTH

Accelerate the use of advanced data tools 
and new technologies to accelerate clinical 
evidence development, remove barriers to 
patient access and monitor safety, quality 

and effectiveness

EVIDENCE 
GENERATION

Develop new approaches to evidence 
generation to better inform decision 

making by regulators, payers, 
clinicians and patients

PATIENT ENGAGEMENT

Advance the science of patient 
engagement in regulatory and coverage 
decision making and provide a forum for 

meaningful engagement between patients 
and medical device manufacturers



MDIC Program Areas
▪ Advanced Manufacturing Clearing House
▪ Case for Quality Collaborative Community
▪ Clinical Diagnostics
▪ Computational Modeling & Simulation
▪ Cybersecurity
▪ Early Feasibility Studies
▪ Health Economics and Patient Value 
▪ Medical Device Software & AI
▪ Medical Extended Reality 
▪ National Evaluation System for 

Health Technologies Collaborative Community
▪ Pathology Innovation Collaborative Community
▪ Science of Patient Input



MDIC Computational Modeling and Simulation 

The MDIC has multiple projects as listed here. Please visit www.mdic.org for more info.

• Biennial MDIC Symposium on Computational Modeling and Simulation: 

• Save the date! November 4-6, 2025, College Park Marriott Hotel & Conference Center 

• Review the summary!  April 2024 FDA/MDIC Symposium on Computational Modeling and Simulation  

• Blood Damage Models (Thrombosis and Hemolysis): 

• Publicly Funded Human Body Simulation Models: 

• MDIC CM&S Resources: 

o CM&S Landscape Analysis Report 

o Virtual Patient Project

o ENRICHMNET trial (in silico clinical trial) Project & Industry Advisory Council (IAC)

o External Evidence Methods  Framework (EEM)

MDIC CM&S Contact Information:  

Jithesh Veetil, Senior Program Director, Digital Health and Technology, jveetil@mdic.org 

Taylor Montgomery, Project Manager, Digital Health and Technology, tmontgomery@mdic.org

Program Contact: cms@mdic.org 

Validity and acceptance of models and simulations remain challenges throughout the medical device ecosystem. Computational 
Modeling & Simulation Program reinforces the underlying science, tools, and practices to drive adoption.

http://www.mdic.org/
https://mdic.org/event/mdic-symposium-on-computational-modeling-and-simulation/
https://mdic.org/project/blood-damage-modeling/
https://mdic.org/project/publicly-funded-human-body-simulation-models/
https://mdic.org/resource/cmslandscapereport/
https://mdic.org/project/virtual-patient-vp-model/
https://mdic.org/project/enrichment-in-silico-clinical-trial-project/
https://mdic.org/program/external-evidence-methods/
mailto:jveetil@mdic.org
mailto:tmontgomery@mdic.org
mailto:cms@mdic.org


Resources
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Novel Fatigue-to-Fracture 
Benchtop Capability 
Supports Validation of CM&S 
Stent Fracture Load and 
Location Predictions

Ray Boudreaux, PhD

Xuefeng Zhao, PhD
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Problem Statement

Peripheral stent cannot be broken 
from heart-beat loading

For patient, great “problem” to have

For regulators, actual problem
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Peripheral stent cannot be broken 
from heart-beat loading

For patient, great “problem” to have

For regulators, actual problem

“Necessity is the mother of invention”

-Plato-



The Solution

Introducing Dynatek Labs 
Fatigue-to-Fracture (FtF) Tester
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How It Works

How It’s Used

How It Informs



How It Works
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Powerful EM 
Bellows 

Ten Testing 
Lanes

37°C Fluid Flow 
System

High-Speed 
Cameras



Powerful EM 
Bellows 

Ten Testing 
Lanes

37°C Fluid Flow 
System

High-Speed 
Cameras

FtF Highlights

✓ Powerful (20x Clinical)

✓ Controlled (Highly Precise)

✓ Smart (Fracture Detection)



How It’s Used



Step 1

✓ Install samples 

✓ Pulse (20x clinical BP)

✓ Detect fracture

✓ Plot cycle count

No. of Cycles
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Stent goes here
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Step 2

✓ Install new samples

✓ Repeat Step #1 at a 
lower pressure

No. of Cycles
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700mmHg
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800



No. of Cycles
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Step 3

✓ Install new samples

✓ Repeat Step #1 at a 
lower pressure

800



No. of Cycles

500mmHg

106

Step 4

✓ Install new samples

✓ Repeat Step #1 at a 
lower pressure

✓ When no samples 
fracture, that’s it!

600

107

Zero stent 
fractures at this 
pressure… 
Done!OOOO
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No. of Cycles

103 104 106

700

105

Final Step

✓ Fit curve to data

✓ Compare curve to 
clinical level
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Final Step

✓ Fit curve to data

✓ Compare curve to 
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How It Informs



No. of Cycles
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✓ When will it break?

✓ Where will it break?

108



No. of Cycles

103 104 106

700

105

600

800

107

500P
re

ss
u

re
 (

m
m

H
g)

//

80

556 mmHg

Prediction

108

Product Development

✓ When will it break?

✓ Where will it break?
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Exceptional alignment 
b/t Prediction & Data!

300% above Clinical BP

 Clinically Safe Zone →

// 3x above!

Prediction
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560 mmHg

FtF Data

Product Development

✓ When will it break?

✓ Where will it break?
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Predicted Fracture Location

Product Development

✓ When will it break?

✓ Where will it break?
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Predicted Fracture Location

Actual Location

Product Development

✓ When will it break?

✓ Where will it break?
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Predicted Fracture Location

Exceptional alignment b/t 
Prediction & Data!

Actual Location

Product Development

✓ When will it break?

✓ Where will it break?
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“Trust in a model depends strongly on 
[its] level of testability”

-NASA Human Research Program (2020)-
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Workflow:
1. Uniaxial tensile test on Nitinol cannula to laser-cut the stent

Typical uniaxial tensile stress-strain data of Nitinol cannulas

FEA for Pulsatile Loading
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Workflow:
1. Uniaxial tensile test on Nitinol cannula to laser-cut the stent
2. Fit a superelasticity constitutive model1 to the tensile test data 

FEA for Pulsatile Loading

Ref: ABAQUS User Manual

1Auricchio, F., and R.L. Taylor, “Shape-Memory Alloys: Modeling and Numerical Simulations of the Finite-Strain 

Superelastic Behavior,” Computer Methods in Applied Mechanics and Engineering, vol. 143, pp. 175–194, 1996.

Material Parameters

𝐸𝐴: Austenite elastic modulus

𝐸𝑀: Martensite elastic modulus

𝜎𝐿
𝑆: Start of transformation loading (Tension)

𝜎𝐿
𝐸: End of transformation loading (Tension)

𝜎𝑈
𝑆: Start of transformation unloading (Tension)

𝜎𝑈
𝐸: End of transformation unloading (Tension)

𝜎𝐶𝐿
𝑆 : Start of transformation loading (Compression)

𝜀𝐿 : Transformation strain (Tension)
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Workflow:
1. Uniaxial tensile test on Nitinol cannula to laser-cut the stent
2. Fit a superelasticity constitutive model1 to the tensile test data 
3. Validate the fit material model using one or more modes of loading on the stent, e.g., 

radial force test, flat plate crush test, uniaxial extension test, torsional test, etc.

Typical radial force test data vs. FEA prediction

FEA for Pulsatile Loading
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Typical fatigue safety factor contour 
with critical location indicated

FEA for Pulsatile Loading

Workflow:
1. Uniaxial tensile test on Nitinol cannula to laser-cut the stent
2. Fit a superelasticity constitutive model1 to the tensile test data 
3. Validate the fit material model using one or more modes of loading on the stent, e.g., 

radial force test, flat plate crush test, uniaxial extension test, torsional test, etc.
4. Conduct FEA for pulsatile fatigue under a particular distension level (ABAQUS 2020): 

crimping, recoil, and multiple cycles of pulsatile loading and unloading until the safety 
factor converges to a stable value

Strain contour of Zilver PTX stent under pulsatile loading Strain-based fatigue diagram
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FEA for Pulsatile Loading

Workflow:
1. Uniaxial tensile test on Nitinol cannula to laser-cut the stent
2. Fit a superelasticity constitutive model1 to the tensile test data 
3. Validate the fit material model using one or more modes of loading on the stent, e.g., radial 

force test, flat plate crush test, uniaxial extension test, torsional test, etc.
4. Conduct FEA for pulsatile fatigue (ABAQUS 2020): crimping, recoil, and multiple cycles of 

pulsatile loading and unloading until the safety factor converges to a stable value
5. Determine the distension level that yields a fatigue safety factor of 1.0

SF>1.0

SF<1.0

SF≈1.0



Fatigue Diagram for Nitinol

2Pelton AR, Schroeder V, Mitchell MR, Gong XY, Barney M, Robertson SW. Fatigue 

and durability of Nitinol stents. J Mech Behav Biomed Mater. 2008 Apr;1(2):153-64. 
3Pelton, A.R. Nitinol Fatigue: A Review of Microstructures and Mechanisms. J. of 

Materi Eng and Perform 20, 613–617 (2011).

Strain-based fatigue diagram

Ref 2: Pelton et al., 2008

Ref 3: Pelton et al., 2011

a

b

a
b

𝐹𝑎𝑡𝑖𝑔𝑢𝑒 𝑠𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑎

𝑏
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BONUS
Stents not only broke when & where 

predicted…

They broke in the “right” way!

500x250x100x



Next Steps
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FtF data add to our 
toolbelt of device 
performance 
understanding
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Advanced 
clinical 
imaging 
informs our 
models

FtF data add to our 
toolbelt of device 
performance 
understanding
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Together, modeling able to play a 
more substantial role in future 
regulatory approvals!

FtF data add to our 
toolbelt of device 
performance 
understanding

Advanced 
clinical 
imaging 
informs our 
models
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Happy Holidays!



Any questions?

Thanks!
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