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Disclaimer

The views expressed in this presentation are those of the authors and do not  necessarily 
reflect the official policy of the Department of Army/Navy/Air Force,  Department of War, or 
U.S. Government. The identification of specific products or scientific instrumentation is 
considered integral to the scientific endeavor and does not constitute endorsement or 
implied endorsement on the part of the author, DoW, or any component agency.

Nikki McMinn, MME has disclosed no relevant, real, or apparent personal or professional 
financial relationships with proprietary entities that produce healthcare goods and services.
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Presentation Outline

1. Beginning the Journey (Acquisition of Funding and QMS Implementation)

2. Continuing the Journey (Product Development Phases and Testing) 

3. Completing the Journey (Submission and Clearance of the 510(k)!)

4. Overall Pros and Cons (Throughout Presentation)
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Staff and Production

• Team of 7

− Director of Services

− Engineers (Biomedical and Quality)

− Technicians (Engineering and Dental)

− Administrator 

• Production since 2003:

− Medical models and devices

− Thousands of requests per year

− Over 100 custom unique prosthetic and rehabilitation 
devices and attachments 

− Research, simulation, and training models

https://walterreed.tricare.mil/About-Us/Facilities/3-D-Medical-Application-
Center-3-D-MAC

*Technology videos are online
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Initial Steps: Where It All Began

Funding Sources and QMS Development
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Funding Acquisition

• Joint Incentive Fund (JIF) priorities:

− Improved Access to Care

− Improved Quality of Care

− VA / DoW Joint Strategic Partnership and Innovation

− Optimization of Telemedicine Capabilities

− ROI / Cost Savings

− DoW Readiness / Graduate Medical Education

• JIF for Fiscal Year 2020 was secured between 3D MAC and Veterans Health Administration 
at Puget Sound 
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DoW/VA 3D Printing Consortium for Medical 
Applications

• Develop DoW/VA quality standard for 3D printing in healthcare per FDA and ISO standards

• Augment 3D printing capabilities and capacity

• Develop interagency training and workforce development program
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Implementing a QMS at the Point-of-Care

• Expensive and time-consuming

• Proposed FDA PoC scenarios

• Prepare for future FDA regulations for Point-of-Care Facilities

• Pick your product/device
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Starting Point: Quality Manual And Plan

• Will change over the implementation of your QMS

• Great “table of contents” to demonstrate meeting FDA and ISO regulations

         Inclusions and Exclusions, 3D MAC is using a Risk Based Approach  

Documentation Hierarchy
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How Plan Fulfills Requirements
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Now for the Fun Part: Product 
Development Phases

Device, Technologies, and Materials
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Product Development Plan

• Phase 1: Investigation and Viability

• Phase 2: Product Planning

• Phase 3: Detailed Development

• Phase 4: Clinical/Regulatory Preparation

• Phase 5: Market Introduction
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Device Dictates Project

• Our device system includes 2 parts: 

− Titanium Cranial Plate Implant (TCP) 

− Skull Anatomic Model (SAM)

• Intended use: Replacing bony voids in the skull

• Product planning includes:

− Regulatory and clinical analysis

− Design and manufacturing

− Testing needed
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Design Envelope and Inspection
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Master Verification and Validation Plan

• Overview of the process

− Case Initiation

− Segmentation

− Implant and Model Design

− Implant and Model Production

− Implant and Model Post-processing

− Labeling 

− Shipping and Delivery

− Cleaning and Sterilization with SPD
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Equipment Qualifications

IQ

• Electric power

• Environmental conditions

• Space requirements

OQ

• Size of parts (min, max)

• Location on platform (edges)

• Part features (thin, thick)

PQ

• Size of parts (medium)

• Location on platform (center)

• Part features (nominal)
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The Long Road: Testing and More Testing

Validation Testing of Medical Device
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How to Determine Testing Needed

• Risk of device design, production, use

− ISO 14971

− Forces experienced by device

− Where is device used?

• FDA guidance documents

• FDA’s Recognized Consensus Standards

https://www.fda.gov/regulatory-information/search-fda-guidance-documents
https://www.fda.gov/regulatory-information/search-fda-guidance-documents
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfstandards/search.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfstandards/search.cfm
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Testing and Timelines

• Map out a timeline for all testing 

*Warning: Do not expect all testing to comply with the timeline. 



Disclaimer: The views expressed in this presentation are those of the author(s) and do not necessarily reflect the official policy of the  Department of Defense or the U.S. Government.

Cleaning, Sterilization, and Biocompatibility

• Cleaning validation

• Validation of steam sterilization process 

• Biocompatibility testing per ISO 10993

− Cytotoxicity

− Sensitization

− Irritation

− Acute systemic toxicity

− Material-medicated pyrogenicity

− Implantation study

− Chemical characterization

Sample Considerations

Coupon Design
- Specific surface areas outlined in 

standards
- Designed samples to maximize 

worst-case features 
Manufacturing Contact Materials
- Include all potential contact 

materials in manufacturing coupons
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Use and User Validations

• Physical use testing needed

− Static and dynamic impact testing 

− MR safety validation

• Design validation with surgeons

Sample Considerations

Coupon Design
• Mechanical testing: Plate with 

minimum number of fixation 
points, largest implant surface 
area

• MR compatibility: Largest metallic 
mass

• Design validation: Various sizes 
and design complexity

Manufacturing and Use
• Standard manufacturing process
• Multiple engineers doing the 

manufacturing
• Multiple surgeons doing all cases

Surgeons

Engineers A B C

X Case 1 Case 3 Case 2

Y Case 2 Case 1 Case 3

Z Case 3 Case 2 Case 1
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Proving Your Worth: Supporting 
Substantial Equivalence

Regulatory Submission and Clearance
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Regulatory Process

• Class II 510(k) application

− 882.5330 Preformed nonalterable cranioplasty plate 

− GXN: Preformed nonalterable cranioplasty plate

• Substantial equivalence review process

• Predicate selection

− BioArchitects Patient-Specific Cranial/Craniofacial Plate (K151692)

− Same intended use and manufacturing method

− Different design process and mechanical properties
https://3dprint.com/118337/bioarchitects-fda-approval/
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510(k) Flowchart and SE Determination

• The 510(k) Program: Evaluating Substantial 
Equivalence in Premarket Notifications 
[510(k)]
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510(k) eSTAR Submission

• Submitted 510(k): September 24, 2025

• Placed on AI hold: November 21, 2025

• Submitted response to AI letter: May 19, 2026
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FDA 510(k) Clearance!

Finally!

Finally!!

Finally!!!
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Challenges for PoC Facilities

Money
• Funding for project
• Purchasing
• Testing
• Maintenance
• Regulatory submissions
• Material testing

Logistics
• Scope of entire project
• Work instruction creation
• IMT equipment calibration
• Environmental conditions
• Statistical analysis
• Risk documentation

People
• Staff considerations/turnover
• Institutional support
• Quality and Regulatory guidance
• Authority to submit to FDA
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Contact Information

3D Medical Applications Center (3D MAC)
Walter Reed National Military Medical Center
https://walterreed.tricare.mil/About-Us/Facilities/3-D-Medical-Application-Center-3-D-MAC

Nikki McMinn: nicole.l.mcminn.civ@health.mil
Dr. Peter Liacouras: peter.c.liacouras.civ@health.mil 
Christopher Agritellis: christopher.g.agritellis.ctr@health.mil 

https://walterreed.tricare.mil/About-Us/Facilities
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