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Changing the world through the power of simulation

Shatter Records Make the
Unmakeable Save LivesUnlock

Possibilities
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Traditional Uses of CM&S in Orthopaedics

- Optimize Bench Testing

- MRI safety

- Additive Manufacturing

- Image-Based Modeling

- Materials Intelligence
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https://bonezonepub.com/2020/04/21/your-materials-intelligence-matters-here-s-why/
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Clinical Trials – Opportunity for Reform

https://premier-research.com/blog-medical-devices-vs-drug-tr ials/

* courtesy Mark Palmer, Medtronic
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https://watermark.silverchair.com/sertkaya_2022_oi_220893_1662133907.7801.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAzEwggMtBgkqhkiG9w0BBwagggMeMIIDGgIBADCCAxMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMCqEI5mtYn4e2WaJUAgEQgIIC5C39l3FNKkBU-LKo-zwi_5Dm2QOuQDEmkjKCt_of08xTQEbNWTXefRkpTN0lRBgwcJxvOFfQb_JgPBoK5AG6liDXiYR8NIhd3w3_u_BvynS-lMszL8qixcZTes8LNfl8PlohcKywYC7MC31p0TXvlk2eNg7WI7VS_dvmfRjufFDFJxgDyirJ5ABR5z8Sftep5YXxy0vCUi_9cU0xiY78M-ut6Ta1TE4ydl1Q5lDrIwKBHbQ1RmBON2eComY0GWBKEM5Oish0h7MjpQWf0VeFQLnH_W4Ge9Qd36LWB0fY_o_YuMZQ4wGTTWe_TNPOI7O_1Ue8ZmFckYwRTx2FQOmvJa1ZDTTt_rtky4wNiET1XFYLrhctl65rpn6S-bheSAzUZ6mm858jHexS-Y1Naw-cNJy_iuQgTn42xFAyYycvw4vq_8vyLT0ARsMDgf3GwWbU_o3PAh0h1tuzx8W59tGyPk6lY2HgblLthVbCCTlZsPYZPqRv8tWxytNDGbaSBF5VQ-l1UMf0PtC5lFWLWztQ2dVeCSA4VARKBqHbQa51ilA7HaerDqdkG2LobCrZSRXZ-0OME_HjMJFlyoBeB8xXZY8f35HA3YfG58NoT3wxiNmy-8Iz7-XmuMi7V8CM1U_7sYEw7pnDm9-2ksp7QRKsaqEm6bQdLc42a7Rc2r8eEh182xU3kEHuXI5GRr4NbAp_bEvjIxKWoRv0so6amQXxy-Rqaendj7w5x_rMdy8pGdzuCDcWV07vy_qenhNg-NL9xtyfE6fI_Eg91jll5EkDDw5rBhT_3Xgx2nVbAarWZm6St76xCwzQGcr25YQpDLsPfiJ5TP1IgJcU7XQwz_aoAVkL67EmkhFyGR-_1vKBCFWDA-U_gGJm0XLJSqcdPrG0XG3HsnJB4sYdtzsYwVwI_ogKsCQ6RJY908vg-gAwWmwE-NaIVV9mQ8JzY8Ikt6HCFWXEoUN9OT1eOgcw3ePVOl8jvY24
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Case Study:                                                                                                        
- Reducing Clinical Trial Size through Virtual Patients

MODEL INPUTS

In-vivo curvature

Fatigue strength

Patient activity (heartbeats)
Same for predicate and new lead

Patient age
From device registry

Life expectancy from U.S. Social Security 
actuarial life table

Same for predicate and new lead

Patient 

Simulations

Haddad et al. Rel. Eng Sys Safety (2014) & Haddad et al. J. Biopharm. Stat. (2017)

(real) Data 

Projection with 95%  

Confidence Interval

MODEL OUTPUT
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Virtual Patient Model Benefits

Number of patients 
treated during these 2 
years

10,000

2 The product was released 2 
years earlier

Cost reduction due to 
the reduced number 
of patients

Reduction of the number 
of patients involved in 
the clinical trial

$10M

256

01020304

Source: Avicenna Alliance event at the EU Parliament (Sept 4th, 2018)
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“If it can be shown that these virtual patients are 
similar, in a precisely defined way, to real patients, 

future trials may be able to rely partially on virtual-
patient information, thus lessening the burden of 

enrolling additional real patients.”  

Faris, O., & Shuren, J. (2017). An FDA viewpoint on unique considerations for medical-

device clinical trials. New England Journal of Medicine, 376(14), 1350-1357.

“ISCTs have the potential to provide cost-

effective, time-efficient, and ethically favorable 

alternatives for evaluating the safety and 

effectiveness of medical devices. However, 

ensuring the credibility of ISCT results is a 
significant challenge.”  

August 2024

The US FDA is Supportive

April 2017
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International Support is Also Growing

• Document focuses on the clinical evidence that is 
generated to establish medical device safety

A suitably qualified clinical expert/s who has 
endorsed the CER should determine the extent to 

which clinical investigation data can be 
extrapolated to all potential device specifications 

within the design envelope. Justification of 
generalisability may involve the use of clinical 

data, bench testing and/or computer modelling.

Generalisability of clinical evidence for the 
subject device across the entire design envelope 
has been justified through the identification of 

worst-case and common-use scenarios (with the 
use of computer modelling and state of the art 

literature review, respectively). 

November 2023
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International Support is Also Growing

• This directive summarizes amendments to previously 
established EMA legislation related to drug approvals

…..giving priority to new approach 
methodologies (NAMs) in place of animal 

testing. These can include but are not limited 
to: in vitro models, such as microphysiological 
systems including organ-on-chips, (2D and 3D) 
cell culture models, organoids and human stem 

cells-based models; in silico tools.

Regulatory decision-making on the development, authorisation and 
supervision of medicinal products may be supported by access and 

analysis of health data, including real world data, where appropriate, 
i.e. health data generated outside of clinical studies, and/or data 

generated via in silico methods, such as computational modelling 
and simulation, digital molecular representation and mechanistic 

modelling, digital twin and artificial intelligence (AI).March 2024

https://www.europarl.europa.eu/meetdocs/2014_2019/plmrep/COMMITTEES/ENVI/AMC/2024/03-19/Pharma_Regulation_Final_CAs_EN.pdf
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What is an In Silico Clinical Trial (ISCT)?

• ISCTs are exploratory trials on the computer that make use of reliable computer 
models of the treatment (effect of the drug or device on the organism) and its 
deployment (administration of the drug or surgical procedure), together with reliable 
computer models of the patient’s characteristics.

• Models patient physiology

Physiology Layer

• Models disease processes, incl. treatment response

Pathology Layer

• Models delivery of the therapy/intervention

Treatment Layer
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But is the Valid Scientific Evidence Valid?
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Standards Committee
• Provide procedures for assessing and quantifying the accuracy and 

credibility of computational modeling and simulation

ASME V&V10 ASME V&V20

ASME Committee on VVUQ in CM&S
VVUQ Standards Committee in 
Computational Modeling and 

Simulation

VVUQ 10 – VVUQ in Computational Solid 
Mechanics

VVUQ 20 – VVUQ in Computational Fluid 
Dynamics and Heat Transfer

VVUQ 30 – VVUQ in Computational 
Simulation of Nuclear System Thermal Fluids 
Behavior

VVUQ 40 – VVUQ in Computational 
Modeling of Medical Devices

VVUQ 50 – VVUQ of Computational 
Modeling for Advanced Manufacturing

VVUQ 60 – VVUQ of Computational 
Modeling for Energy Systems

VVUQ 70 – VVUQ of Machine Learning

VVUQ 80 – VVUQ in Computational 
Modeling of Pharmaceutical Products

ASME V&V40ASME VVUQ 1

https://www.asme.org/codes-standards/find-codes-standards/vvuq-1-verification-validation-uncertainty-quantification-terminology-computational-modeling-simulation/2022/drm-enabled-pdf
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A Risk-Based Approach to Establishing Model Credibility

The ASME V&V 40 standard provides 
a risk-based framework for 

establishing the credibility of CM&S



17 ©2024 ANSYS, Inc. 

A Framework for CM&S in Regulatory Submissions

HOW MUCH VVUQ HOW TO DO VVUQ REPORT YOUR MODEL

http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM381813.pdf
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US FDA Credibility Guidance (2023)

“This guidance provides a general risk-informed 
framework that can be used in the credibility 
assessment of computational modeling and 
simulation (CM&S) used in medical device 

regulatory submissions”

• The guidance expands upon the ASME V&V 40 standard by:

- Expanding the number of comparators used for model validation (beyond 
bench testing)

- Discussing the need for prospective and post-study credibility assessments

- Providing reporting recommendations for computational model information 
included in submissions

CM&S Reporting StructuresEvidence Sources
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An ISCT Framework
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Establishing Credibility through Hierarchical Validation

• ISCTs are exploratory trials on the computer that make use of reliable computer 
models of the treatment (effect of the drug or device on the organism) and its 
deployment (administration of the drug or surgical procedure), together with reliable 
computer models of the patient’s characteristics.

• Models patient physiology

Physiology Layer

• Models disease processes, incl. treatment response

Pathology Layer

• Models delivery of the therapy/intervention

Treatment Layer

Validation must be 
performed within 
each component of 
the hierarchy
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Non-Cannulated PS System

Hierarchical Validation Example – Spinal Implant Modeling

PROJECT GOAL
Demonstrate how to apply the ASME V&V 40 standard to 
answer a regulatory question of interest.

* Nagaraja et al Methods (2024)

Step 1: Material Characterization

Step 2: 3-point Bending Validation

UQ in Ansys optiSLang

Step 3: ASTM F1717 Validation

* Nagaraja et al. J VVUQ (2022)
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One “Limitation” of the ASME V&V 40 Standard

• The framework presented in the 
ASME V&V 40 standard was 
demonstrated using in vitro 
testing as the primary source of 
validation evidence.
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Expansion of the ASME V&V 40 Framework

• Clinical validation activities require a comparison to 
clinical outcomes to establish credibility

- Builds upon the benchtop validation activities 
performed for the device

- This also requires expansion of the ASME V&V 40 
framework



25 ©2024 ANSYS, Inc. 

In Conclusion

• The cost of device development and clinical 
trials continues to put pressure on device 
companies to innovate faster and more 
efficiently.

• In silico clinical trials (ISCTs) can reduce, refine, 
or even replace our reliance on animal and 
human testing.

• Globally recognized standards and regulatory 
frameworks will be required for the healthcare 
industry to take full advantage of ISCTs.
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New Work Item – IEC/ISO Co-Branded Standard on CM&S Credibility

• IEC TC 62 focuses on medical equipment, software, and 
systems

• ISO TC 276 focuses on biotechnology applications

CHARTER: To prepare international standards, and other 

publications, with focus on safety and performance of medical 
equipment, software, and systems.

CHARTER: Standardization in the field of biotechnology processes that 
includes the following topics:
• Terms and definitions;
• Biobanks and bioresources;
• Analytical methods;
• Bioprocessing;
• Data processing including annotation, analysis,                              
validation, comparability and integration;
• Metrology.

First Meeting: October 16, 2024

https://www.iec.ch/dyn/www/f?p=103:7:0::::FSP_ORG_ID,FSP_LANG_ID:1245,25
https://www.iso.org/committee/4514241.html
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