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Letter from the Editors 

 

This white paper – 3D Printing of Medical Devices:  When a Novel Technology Meets Traditional Legal 
Principles – explores the legal ramifications and risks of the rapidly increasing use of 3D printing of medical 
devices.  3D printing technology has the potential to radically transform the way medical devices are used 
to treat patients and save lives, a potential that is already beginning to be felt.  One can foresee numerous 
potential benefits to patients as this technological trend continues – but at the same time, unknown risks 
and consequences exist. 

What follows is an overview of what 3D technology is and how it is being used to print medical devices for 
patient treatment or use.  In addition, an overview of a wide range of developing legal issues is provided, 
including: 

 Regulatory Issues 

 Intellectual Property 

 Tort Liability 

 Environmental Effects and Health Risks 
in the Work Place 

 

 Insurance Issues 

 Reimbursement 

 Litigation 
 

 

This is a truly collaborative work with contributions of a Reed Smith 3D Printing task force including chapter 
editors Jim Beck, Celeste Letourneau, Kevin Madagan, Todd Maiden, John Schryber, Tracy Quinn, and 
Gail Daubert.  A special thank you to Reed Smith attorneys Matt Jacobson and Farah Tabibkhoei, who 
worked tirelessly on drafting, editing and compiling.  

We predict continued rapid change in the medical arena as the use of 3D technology grows.  Even as this 
white paper was going to print, Aprecia Pharmaceuticals Company announced that the FDA granted 
approval for the first ever 3D printed drug tablet for use in the treatment of epilepsy.  Aprecia’s proprietary 
3D printing technology allows it to make porous tablets that rapidly disintegrate when taken with water, 
thereby aiding patients who struggle to take large, hard-to-swallow medications.  As the legal environment 
surrounding 3D technology evolves, as well as the technology itself, this white paper will be updated to 
offer a comprehensive, up-to-date resource. 

We hope that 3D Printing of Medical Devices:  When a Novel Technology Meets Traditional Legal 
Principles provides readers with valuable guidance as the medical use of this evolving technology 
continues.  We welcome any comments or questions, which can be sent to 
3Dprintingmedicaldevices@reedsmith.com. 

Thank you,  
Colleen Davies, Lisa Baird, Matthew Jacobson and Farah Tabibkhoei 
Editors  

mailto:3Dprintingmedicaldevices@reedsmith.com
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When a Novel Technology Meets  

Traditional Legal Principles 

— Introduction —  

Your 6-week-old child has stopped breathing.  You rush her to the emergency room and learn she has a 
rare birth defect called tracheobronchomalacia (TBM), which causes her windpipe to collapse and block air 
flow.  But then you learn the doctor is able to print a splint that will replicate your child’s windpipe, and keep 
it open until she outgrows the need for it, and the splint will be resorbed by the body. 

Although this sounds like something straight out of a science fiction novel, doctors at the University of 
Michigan have already done this at least three times.1  This surgery would not be possible without the 
advent of 3D printing.  But what exactly is 3D printing—and what are the legal ramifications that flow from 
3D printing of implanted medical devices, or otherwise using 3D printed items in the delivery of health care? 
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Overview of 3D Printing: What Is 3D Printing And How Does 

It Work? 

 
Colleen Davies, Partner – cdavies@reedsmith.com 

Lisa Baird, Counsel – lbaird@reedsmith.com 

Farah Tabibkhoei, Associate – ftabibkhoei@reedsmith.com 

Matthew Jacobson, Associate – mjacobson@reedsmith.com

3D printing is quite possibly the next greatest 
chapter in the industrial revolution, and the 
technology is moving rapidly.  3D printing, also 
known by the more technical term “additive 
manufacturing,” has been around since the 
1980s.  In the past few years, however, the 
technology has developed rapidly and the prices 
of 3D printers have dropped substantially, with 
3D printing becoming a significant industry with 
tremendous innovative potential for many 
applications, from dental2 and medical3, to 
automotive4, aerospace5, military6, fashion7, 
food8, eyewear9, and construction10.  Because of 
this rapid growth of 3D printing, President Obama 
launched the National Additive Manufacturing 
Innovation Institute in August 2012, an effort to 
foster collaboration among industry, universities, 
and the federal government, and provide 
infrastructure that will support innovation 
regarding 3D printing technologies and 
products.11 

Although the term “3D printing” is the most 
common and colloquial term used for the additive 
manufacturing process, the term “additive 
manufacturing” actually encompasses seven 
different types of manufacturing.  In an effort to 
categorize these different types of additive 
manufacturing, the American Society for Testing 
and Material (ASTM) has drafted standards for 
each:  

 Material extrusion—material is selectively 
dispensed through a nozzle or orifice 

 Material jetting—droplets of build material 
are selectively deposited 

 Binder jetting—a liquid bonding agent is 
selectively deposited to join powder materials 

 Sheet lamination—sheets of material are 
bonded to form an object 

 Vat photopolymerization—liquid photopoly-
mer in a vat is selectively cured by light-
activated polymerization 

 Powder bed fusion—thermal energy 
selectively fuses regions of a powder bed 

 Directed energy deposition—focused thermal 
energy is used to fuse materials by melting 
as the material is being deposited12 

The technical aspects of how a particular 3D 
printer works depend on multiple factors, 
including the type of additive manufacturing 
process, material, and printer being used; but the 
basic concept of additive manufacturing is that 
components are built up layer by layer—even 
though each layer may be on a very, very small 
scale.13  And behind the scenes, controlling the 
shape that a given 3D printer will produce, is an 
electronic file (usually a computer aided design 
(CAD) file or an image file created by scanning 
an object) containing the data the printer needs 
to give shape to the physical object being 
printed.14 

In many respects, additive manufacturing is the 
inverse of traditional subtractive manufacturing 
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processes, where blocks of material are whittled 
down until a final shape emerges (as when a 
marble statue or ice sculpture is carved from a 
block).  The basic principal of subtractive 
manufacturing is to start with too much and 
remove what is not needed.  But because 
additive manufacturing only uses materials that 
are needed for the final object, the process can 
be more efficient and cost-effective, and waste 
can be reduced. 

There are other benefits from additive 
manufacturing as well.  Manufacturing products 
layer by layer results in products that can be 
made in one integrated piece, so that no final 
assembly is required.15  Current 3D printers can 
use different materials, including plastics, metal, 
ceramics, and wood.16  In addition, 3D printing 
can produce shapes not even possible using 
traditional manufacturing techniques.17 

3D printing is revolutionary in other respects too.  
It allows products to be customized to an 
individual’s needs or tastes, a drastic departure 
from today’s factories, which focus on mass 
production and aim to produce identical, 
standardized products in bulk.18  3D printing 
additionally allows for the manufacture of 
customized components or replacement parts.19 

Forecasters also predict that 3D printing will 
democratize manufacturing, allowing every 
individual with the means to buy one, the ability 
to become a manufacturer, potentially with the 
ability to market his or her products to others as 
well.20  Already, individuals can upload their 

design to 3D printing websites like Shapeways, 
which will market the product, print ordered 
products with its 3D printer, and deliver it to the 
purchaser.21  For medical devices, physicians will 
be able to customize medical devices to meet 
patients’ needs, and in the future, print those 
devices on demand at a hospital or even at the 
physician’s own office, giving the physician more 
treatment options than ever before.22 

3D printing is likely to also facilitate the concept 
of “open design,” which will make it easier for the 
design of products to evolve.  Once a digital 
product design file is made available to the 
public, others may modify the design.23  Existing 
items can be scanned to create a CAD or image 
file, opening the door to potentially unlimited 
copying. 

Simply put, 3D printing is a potentially disruptive 
technology, and we undoubtedly have not yet 
envisioned all the changes it will bring.  That 
said, the use of 3D printing in providing health 
care has perhaps the greatest potential to benefit 
human lives and health, even if the exact nature 
of those developments is hard to predict.  What 
assuredly can be foreseen, however, is that 3D 
printing will present legal challenges in areas 
ranging from product liability to intellectual 
property.  This white paper accordingly focuses 
on the legal issues of 3D printing of medical 
devices and other uses of 3D printing in the 
health care setting, and attempts to set out a 
framework for analyzing and addressing such 
issues as they arise. 
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— CHAPTER 1 — 

3D Printing and Its Impact on Medical Device and 

Health Care 

Lisa Baird, Counsel – lbaird@reedsmith.com 

Matthew Jacobson, Associate – mjacobson@reedsmith.com

3D printing will impact health care in many ways, 
including implantable and non-implantable 
medical devices, as well as cost-effective 
customizable devices.  One of the most exciting 
prospects and radical ways that 3D printing is 
shaping the medical industry is bioprinting, the 
3D printing of human tissues by depositing cells 
layer-by-layer to grow organs.  Should the 
promise become fully realized, the ability to print 
organs on demand will mean more lives will be 
saved, particularly those of patients currently 
waiting on lists and in desperate need of organ 
transplants.  Gone will be the day when 
immunosuppressants are needed to prevent 
rejection of transplanted organs, because the 
organs will be printed using the patients’ own 
stem cells.24  Patients will be able to receive the 
organ they need, when they need it, and one that 
is “customized” to their body. 

Developments in this area are progressing 
rapidly.  In March 2011, Anthony Atala, director 
of the Wake Forest Institute for Regenerative 
Medicine, gave a TED talk regarding the future of 
bioprinting and held in his hands a 3D printed 
kidney prototype.25  Four years later, a company 
named Organovo has announced the first 3D 
printed human kidney tissue, a key development 
toward the treatment of kidney diseases and one 
step closer to making printing implantable 
kidneys a reality.26 

In addition, 3D printing of tissues has the 
potential to reduce the need for experimentation 
and testing of drugs, cosmetics, and medical 
devices on animals.27 

3D printing holds promise for improving health 
care in other ways as well.  In addition to 
customized 3D printed medical devices, 
physicians now can use 3D printed models of a 
particular patient’s organ or body part to better 
plan out and practice for complex surgeries, and 
thus reduce surgery times, costs and risks 
associated with it, and improve outcomes.  
Whether a complicated heart surgery or an 
attempt at facial reconstruction, the longer the 
patient’s internal tissue is exposed during 
surgery, the greater the risk of tissue damage. 

But 3D printed cells, tissues and organs, and 3D 
printed medical models, are only two types of 
examples of 3D printed objects that are, or could 
be, used to improve health care and outcomes 
for patients.  Custom 3D printed medical devices 
are another, more mature, use of this technology.  
For example, prosthetic limbs are now being 
made to mirror the size and shape of the 
patient’s corresponding limb through 3D 
scanning technology.  An image is first taken of 
the patient’s sound-side limb and existing 
prosthetic.  The image of the sound-side limb is 
then laid over the former image to create a 
design for the fairing that is then 3D printed and 
fitted to the patient, restoring symmetry to the 
patient’s body and resulting in increased function, 
comfort and mobility.28  Some such uses are no 
longer investigational.  To date, the U.S. Food 
and Drug Administration (FDA) has granted 
clearance through the 510(k) process for several 
3D printed medical devices, some implantable.  
These include hearing aids29, dental crowns30, 
bone tether plates31, skull plates32, hip cups33, 
spinal cages34, knee trays35, facial implants36, 
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screws37, surgical instruments38, and Invisalign® 
braces.39 

Some of these—like Invisalign® braces—are 3D-
printed at a central facility and then shipped to 
the prescribing health care provider, reflecting a 
more traditional distribution system.  However, 
the non-traditional devolution of the 
manufacturing function that 3D printing promises 
has also made its way to the medical device 
sphere.  The tracheal splints discussed in the 
Introduction are being printed on-site at the 
health care facility.  Either way, by using 3D 
printing, these devices can be easily and rapidly 
customized for each patient.40 

After digitally scanning the area to be operated 
on, surgeons can print 3D models to scale—
sometimes with mixed colors and media to reflect 
different structures—to map out the planned 
procedure or to confirm that implants will fit as 
expected. 

Describing some of the relatively new companies 
leading the way in innovation of 3D printed 
medical devices provides just a glimpse of the 
possibilities that exist:   

 Clear Correct, LLC uses 3D printers to 
manufacture clear plastic braces.  First, a 
patient’s teeth are scanned and then a 
computer model of the patient’s teeth is 
created, showing the teeth’s current 
alignment and desired alignment.  Next, a 3D 
printer is used to create a series of models of 
the teeth, which represent a progression of 
the teeth’s current alignment to a straight 
alignment.  Traditional manufacturing 
techniques can then be used to create the 
aligners.  The aligners and 3D printed 
models are then sent to the patient’s dentist, 
who can utilize the 3D printed model to assist 
the dentist in fitting the patient with the 
appropriate aligners. 

 MedShape, Inc. develops and 
commercializes orthopedic devices using 
proprietary shape memory technology.  On 

December 18, 2014, the FDA granted 510(k) 
clearance to MedShape’s Class II 
implantable medical device, the 
FastForward™ Bone Tether Plate, which is 
created through the 3D printing of medical 
grade titanium alloy, which allows fabrication 
of devices with complex and customizable 
geometries.  The plate serves as the primary 
component in the FastForward Bunion 
Correction System, a new approach for 
surgical correction of hallux valgus 
deformities that preserves and protects the 
native bone anatomy.  (510(k) Number: 
K141420). 

 Oxford Performance Materials (OPM) 
announced August 19, 2014, that it received 
510(k) clearance for its 3D-printed 
OsteoFab® Patient-Specific Facial Device, 
the first and only FDA-cleared 3D printed 
polymeric implant for facial indications, and 
follows FDA clearance of the first and only 
3D printed polymeric implant, OPM’s 
OsteoFab Patient-Specific Cranial Device, 
which was granted in February 2013.41  Both 
products are Class II medical devices (510(k) 
Numbers: K133809 and K121818). 

 Renovis Surgical Technologies, Inc. 
supplies orthopedic implants to surgeons and 
hospitals for adult spinal joint reconstruction, 
and trauma surgery applications.  Renovis 
received 510(k) clearance for its Tesera™ 
Stand-alone ALIF Cage, a titanium implant 
that uses additive manufacturing to create 
porous surfaces that aid bone in-growth from 
the vertebral endplates.42  (510(k) Number: 
K132312). 

These are only a few of the companies that are 
now using additive manufacturing technology to 
create medical devices.  Each of these 
companies receives patient specifications (often 
through a scanned image sent in by a physician 
or dentist) and prints the medical device to those 
specifications.  Printing the devices at a central 
facility allows these companies to regulate 
quality, biocompatibility of materials, and sterility, 
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and in many ways is only slightly different from 
how medical device manufacturers traditionally 
have produced their products, with the main 
difference being cost. 

As the technology develops further and 3D 
printers become ever more accessible, increased 

migration of the manufacturing function toward 
on-site printing is inevitable, as with the tracheal 
splints discussed in the Introduction.  This 
migration of manufacturing to non-traditional and 
dispersed locations will undoubtedly present 
numerous additional technological, regulatory, 
and legal complications. 
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— CHAPTER 2 — 

Regulatory Issues 

 
 

Celeste Letourneau, Partner – cletourneau@reedsmith.com 

Kevin Madagan, Counsel – kmadagan@reedsmith.com 

Farah Tabibkhoei, Associate – ftabibkhoei@reedsmith.com 

Yetunde Oni, Summer Associate 

With the emergence of three-dimensional (3D) 
printing technology, and the corresponding 
innovation resulting in decreased time for design 
and manufacture of increasingly complex 
products, the regulatory landscape governing this 
technology will need to evolve.  For FDA-
regulated products, the process for change is 
already underway.  In August 2015, for instance, 
FDA approved the first 3D printed drug product.  
The product uses 3D technology to bind the final 
drug formation without compression.43  The 
output is a porous structure (in final drug form) 
that rapidly disintegrates with the sip of a liquid, 
even at high dose loads.44 

Although FDA is currently reviewing marketing 
applications utilizing 3D printing technology (also 
known as additive manufacturing), it is also 
working toward developing a sound 
understanding of the technology involved through 
its own research.  For industries with products 
regulated by FDA, 3D printing offers immense 
potential.  There are, however, many 
unanswered regulatory issues that need to be 
addressed to inform the framework under which 
FDA will regulate the commercial use of products 
developed with such additive manufacturing 
processes, as that technology evolves and the 
innovative products are brought to market. 

FDA Investment in Additive Manufacturing 
Research 

FDA has a history of researching innovative 
technologies to generate first-hand knowledge 
and experience with that technology, while 
continuing to protect public health.  The research 
for innovative technology of 3D printing is no 
exception.  Currently, FDA is researching 3D 
printing to obtain the knowledge and experience 
necessary to assess the safety, effectiveness, 
quality and performance of FDA-regulated 
products developed through additive 
manufacturing processes.45  This research 
further includes an assessment of the 
advantages and challenges associated with the 
technology.46 

In particular, two laboratories within the FDA’s 
Office of Science and Engineering Laboratories 
(OSEL) are studying the future potential effects 
of 3D technology on medical device 
manufacturing—FDA’s Laboratory for Solid 
Mechanics and FDA’s Functional Performance 
and Device Use Laboratory.47 

FDA’s Laboratory for Solid Mechanics is studying 
the effect of different printing techniques and 
processes on the durability and strength of 
various medical device materials.  This research 
is anticipated to help inform the “development of 
standards and establish parameters for scale, 
materials, and other critical aspects that 
contribute to product safety and innovation.”48  
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On the other hand, the Functional Performance 
and Device Use Laboratory is working on 
computer-modeling methods. The focus of this 
research is to help FDA understand how changes 
to the design of medical devices potentially 
impact safety and performance in differing patient 
populations.49  These computer-modeling 
methods allow FDA to research changes in a 
device design, and then evaluate the effect of 
those changes. 

The FDA recognizes that with the continued 
innovation of the technical processes associated 
with 3D printing, new issues implicating 
everything from the design to the final production 
of the medical device will arise and must be 
addressed to ensure patient safety and promote 
innovation.50  Matthew Di Prima, a materials 
scientist in the Division of the Applied Mechanics 
in OSEL, underscores the importance of this 
research by noting that “not all devices or 
additive manufacturing technologies have the 
same risks or degrees of concern.”51  As such, 
there will not be a “one size fits all” set of 
requirements.  FDA is working toward addressing 
these issues both through its own research and 
in collaboration with industry stakeholders. 

Current Review Pathways 

Drug and medical device manufacturers are 
already incorporating 3D printing into marketing 
applications for review by FDA.  So far, this 
approach is working and it may largely be 
because FDA views 3D printing/ additive 
manufacturing as another form of advanced 
manufacturing.52  As such, FDA makes a benefit-
risk determination of such products incorporating 
advanced manufacturing, like 3D printing, as well 
as an evaluation for safety and effectiveness of 
the products.53 

Although as of the date of this publication FDA 
has approved one 3D printed drug, the following 
discussion focuses on the current review 
pathways for medical devices because the FDA 
has reportedly so far cleared no fewer than 85 

medical devices made using 3D printing additive 
manufacturing processes.54  From a brief review 
of FDA’s Premarket Notification (510(k)) and 
Premarket Approval Application (PMA) 
databases, we have identified, in Table A, 
15<cleared 510(k) applications for products 
incorporating 3D printing technology.  However, 
in most of the identified 510(k) applications, it is 
impossible to tell – either from FDA’s 510(k) 
database or the accompanying clearance letter – 
how the 3D processes are implicated.  We 
confirmed that the applicant considers the device 
to include 3D technology by researching the 
company’s press release or journals. 

All of the products identified in Table A are FDA’s 
Class II devices, which are higher-risk devices 
requiring greater regulatory controls to provide 
reasonable assurance of the device’s safety and 
effectiveness.55  The general categories of the 
devices that so far incorporate 3D printing 
technology include tracheal splints, skull plates, 
hip prosthetics, spinal cages and dental or bone 
reconstruction products.  Accordingly, the route 
for marketing authorization of these devices has 
largely been through the 510(k) pathway.  Under 
the 510(k) pathway, applicants must demonstrate 
that their device is at least as safe and effective; 
that is, substantially equivalent, to a legally 
marketed, or predicate, device.56  Essentially, 
applicants must compare their device with one or 
more commercial devices, and provide data to 
support the claim of substantial equivalence.  If 
FDA agrees, the product is “cleared” for 
commercial use. 

Importantly, a proposed 510(k) device must not 
be classified as a high-risk product (i.e., Class III) 
requiring PMA.  Such high-risk products will 
require FDA’s scientific and regulatory review of 
the full complement of scientific evidence to 
support a finding that the product is safe and 
effective.  If such safety and efficacy is 
demonstrated, the product is “approved.”  As of 
May 2015, it is not clear if any PMAs for devices 
using additive manufacturing technology have 
been submitted to FDA, but as of that date, FDA 

http://www.reedsmith.com/files/uploads/whitepapers/3d/3d-white-paper_tableA_79460006.pdf
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has not yet approved any PMAs for 3D printed 
medical devices.57  This is likely because the 
development of truly innovative medical devices 
using 3D printing technology is still underway.  
According to Steven K. Pollack, director of OSEL, 
the FDA is “still waiting for devices that we 
haven’t been able to make before, and that’s 
when we’re going to see the PMAs.”58  Thus, the 
products that incorporate 3D technology so far 
are not new and innovative per se.  Rather, they 
are products of a type already in use, albeit 
developed with 3D printing technology, where the 
benefit may be that the devices are customizable 
to the needs of the patient. 

In addition to the traditional review pathways for 
marketing approval, FDA may permit the use of 
abbreviated pathways, other than a 510(k) 
pathway, to allow for the use of 3D printing of 
certain medical devices.  These pathways 
include the compassionate use, custom device 
exemption and emergency use pathways. 

 Compassionate Use Pathway – This 
abbreviated pathway, unlike the Emergency 
Use pathway, requires prior FDA approval.  
The sponsor is required to submit an 
Investigational Device Exemption (IDE) 
supplement that allows the investigational 
device to be used in a clinical study in order 
to collect safety and effectiveness data.  The 
IDE supplement should include: “(i) a 
description of the patient’s condition and the 
circumstances necessitating treatment; (ii) a 
discussion of why alternatives therapies are 
unsatisfactory and why the probable risk of 
using the investigational device is no greater 
than the probable risk from the disease or 
condition; (iii) an identification of any 
deviations in the approved clinical protocol 
that may be needed in order to treat the 
patient; and (iv) the patient protection 
measures that will be followed.”59 

 Custom Device Exemption Pathway – This 
exemption is approved in situations where 
the specific device needed is “created or 

modified in order to comply with the order of 
an individual physician….and is not generally 
available in the United States in finished form 
through labeling or advertising by the 
manufacturer or distributor, for commercial 
distribution.”60 

 Emergency Use Pathway – In an 
emergency situation, FDA may allow a 
physician to treat a patient with an 
unapproved medical device, manufactured 
with 3D printing, if the physician concludes 
that: “(i) the patient has a life-threatening 
condition that needs immediate treatment; 
(ii) no generally acceptable alternative 
treatment for the condition exists; and 
(iii) because of the immediate need to use 
the device, there is no time to use existing 
procedures to get FDA approval for the 
use.”61 

For example, in 2013, the Institutional Review 
Board of the University of Michigan received an 
approval, through FDA’s emergency-use 
exemption pathway, to use a 3D manufactured 
tracheal splint on a newborn with 
tracheobronchomalacia.  With the help of high-
resolution imaging and biomaterial 3D printing 
technology, the researchers at the university 
created this anatomically specific tracheal splint 
to help the baby breathe better.62  These non-
traditional pathways may offer an alternative for 
certain devices and should be considered by 
applicants as the 3D printing technology evolves. 

Based on its track record so far, the FDA is 
reviewing and approving marketing applications 
for 3D printing medical products.  And, according 
to Susan Laine of the FDA’s Office of Media 
Affairs, “the review process for these devices will 
remain as it is for all medical devices – with 
safety and effectiveness of the device being 
paramount.”63  FDA will focus on the specific 
issues based on the device and type of 
technology being used to manufacture the 
device.64  And, based on the complexity of the 
device, FDA may require manufacturers to 
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provide the agency with additional data.65  To 
facilitate review, FDA recommends that 
manufacturers looking to market 3D printed 
devices should participate in pre-submission 
meetings with FDA review teams to help FDA 
reviewers get a better understanding of the 
technology involved in manufacturing the 
device.66  The list of medical devices utilizing 3D 
printing technology in Table A will continue to be 
updated as more information becomes available. 

FDA – Next Steps and Unresolved Issues 

As noted above, additive manufacturing is 
increasingly entering mainstream use in medical 
devices, both as an alternative device production 
method for traditional components and as a 
method to create finely tuned, patient-matched 
devices.  The advent of additive manufacturing 
takes patient-specific device manufacturing to 
another level.67  Looking forward, we believe 3D 
technology will cause a surge over the next 
decade of demand-based manufacturing at 
health care facilities and practitioner offices.68  
But for this to occur, the health care industry 
needs guidance from FDA about how the 
agency’s current system for oversight and 
regulation of medical device manufacturing, 
processing and distribution applies to 3D printing.  
FDA knows this and has been working 
proactively with many stakeholders to develop a 
policy for regulating the commercial use of 
products developed with additive manufacturing 
processes. 

One pressing unanswered regulatory issue 
associated with 3D printing is how FDA intends 
to approach non-traditional device 
“manufacturers.”  As background, under the 
existing FDA regulatory framework, a 
“manufacturer” is defined broadly to include “any 
person who designs, manufactures, fabricates, 
assembles, or processes a finished device.”69  
With 3D printers becoming increasingly 
accessible, a person (or entity) with a 3D printer 
does not need the financial capital, infrastructure 
or resources historically associated with 

traditional manufacturing operations.  As a result, 
FDA may begin to see non-traditional entities, 
including health care providers and suppliers (or 
any person who owns a 3D printer and the 
design file of a device), becoming 
“manufacturers” of medical devices.  
Complicated, regulatory problems are associated 
with this possibility.  If manufacturing occurs in a 
non-traditional “manufacturing” site, such as a 
hospital, clinic or academic center that is not 
under control of the device sponsor (e.g., 510(k) 
or PMA owner), how will or should FDA regulate 
that site?  Should the site be subject to all of 
FDA’s Quality System Regulation (QS) / Good 
Manufacturing Practices (GMP) requirements 
and standards, such as QS/GMP requirements 
related to the facilities themselves, and controls 
for, and methods used in, purchasing, 
manufacturing, packaging, labeling, storing, and 
installing medical devices?70  Will FDA take 
enforcement action because a 3D printed 
medical device is technically adulterated when it 
is not manufactured under QS-compliant 
conditions?   

A few of the many other unanswered regulatory 
issues associated with 3D printing include: 

 Will the FDA regulate the 3D printer or just 
the end product? 

 Will the FDA view shared design files as the 
unauthorized promotion of the device if the 
device’s benefits and risks are not disclosed? 

 Will the design files of FDA Premarket-
Approved devices be available through the 
open source community, such that anyone 
can modify the design file to 3D print non-
approved devices? 

 To what extent might FDA exercise its 
enforcement discretion for 3D products? 

 When would a 3D printed device be 
considered a “custom device” that is exempt 
from premarket approval requirements and 
mandatory performance standards?71  The 
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custom device exemption is traditionally very 
limited in scope. 

 What effect, if any, will any of these issues 
have on FDA’s programs of inspection to 
ensure assurance with QS and GMP 
requirements and standards? 

To resolve these and other issues, FDA may 
need to modify its regulations, and in the short 
term issue a few guidance documents and 
exercise its enforcement discretion for some FDA 
rules and regulations. 

On October 8 and 9, 2014, FDA held a workshop 
on at its White Oak Campus in Silver Spring, 
Maryland, to obtain information and input about 
3D printing issues.72  FDA brought together 
technical 3D printing expertise from various 
industries spanning medical to aviation 
application, to help the agency understand the 
technical assessments that should be considered 
for 3D printed devices as part of a transparent 
evaluation process for future submissions of 
novel and unique medical devices resulting from 
additive manufacturing techniques.73  Workshop 
attendees included medical device 
manufacturers, additive manufacturing 
companies, academia, and researchers, 
scientists, and engineers involved with the 
research and development of 3D printed 
products.  Topics explored at the workshop were: 
(1) preprinting considerations (i.e., material 
chemistry, physical properties, recyclability, and 
part reproducibility and process validation); 
(2) printing considerations (i.e., printing process 
characterization, process software and post-
processing steps and additional machining), and, 
(3) post-printing considerations (i.e., 
cleaning/excess material removal, sterilization 
and biocompatibility, final device mechanics, and 
design envelope, and verification). 

During the workshop, FDA discussed some of its 
concerns with the safety and efficacy of 3D 

printed devices.  FDA has concerns about how 
the porosity of a 3D printed medical device 
product will affect its function and mechanical 
performance.74  FDA also has concerns 
regarding cleanliness because the 3D printing 
process requires the removal of support material 
from the 3D printed objects, manually or 
chemically.  If excess material is not removed 
properly, FDA believes it may be introduced into 
a patient and lead to an adverse reaction.75  
Further, if a device has a porous coating, FDA is 
concerned this may serve to trap excess printing 
materials absent proper sterilization.76  FDA is 
also unsure about how best to validate the 
sterility of internal surfaces and the porous-to-
non-porous surfaces.77 

Notably, following the October 2014 workshop, 
FDA indicated that it would use the information 
obtained from the workshop to drive the 
development of two guidance documents related 
to 3D printing.78  The first guidance, which the 
agency intends to publish in 2015 (if resources 
permit), will focus on providing and describing the 
types of questions that manufacturers of 3D 
printed medical devices can expect from the 
FDA.79  The second guidance will cover the 
FDA’s thoughts on who the manufacturer is and 
where manufacturing occurs when 3D printing is 
used, though the FDA has not announced a 
timeframe for this guidance.80 

FDA’s decision to hold the October 2014 
workshop and the agency’s desire to issue 
guidance documents in 2015 about 3D printing 
are encouraging.  Although at the time this White 
Paper was drafted the FDA had not published 
any guidance document on 3D printing, the 
October 2014 workshop shows that FDA has 
taken its first few steps in what has been (and will 
continue to be) a very long process within the 
agency to establish a framework for regulating 
additive manufacturing, provide guidance to the 
industry, and find a way to adapt to emerging 3D 
technologies.
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As 3D printing of medical devices becomes more 
commercially viable, its IP implications will 
become increasingly important for medical device 
manufacturers.  For example, counterfeiting may 
become a pressing concern because 3D printing 
will simplify the manufacture of counterfeit goods.  
And while health care providers and patients may 
be unlikely to 3D-print complex medical 
equipment themselves, they may use 3D printing 
to generate replacement parts for such 
equipment or to replicate simpler devices. 

Current laws governing IP rights pre-date the 
advent of 3D printing and therefore do not 
directly address the unique issues 3D printing 
raises.  Nevertheless, existing laws protecting 
copyrighted material, patented inventions, 
trademarks and trade dress, and trade secrets 
should afford some protection to medical device 
manufacturers.  Moreover, manufacturers can 
take steps now to help protect their IP rights 
against the risks 3D printing is likely to pose as it 
becomes more of a commercial reality.  This 
chapter reviews the applicability of existing IP 
laws to 3D printing, and identifies some options 
medical device manufacturers may consider as 
the 3D printing industry evolves. 

Copyright 

To qualify for copyright protection, a work must 
be original and non-functional.81  “Original works 
of authorship,” including literary, pictorial and 
sculptural works, are protected by federal 
copyright law automatically upon their creation in 
a fixed form.82  Medical devices typically are 
utilitarian rather than artistic objects, and thus do 

not often qualify for copyright protection.  
However, copyright implications may still be 
associated with their replication through 3D 
printing. 

3D printing uses a “digital blueprint” of the object 
to be printed.83  The blueprint may come from an 
existing CAD design file or be created with a 
modeling program from a 3D scanner-generated 
image of the object.84  CAD files generally 
receive some copyright protection under current 
law, such that they cannot be used without the 
file author’s (or assigned owner’s) permission.85  
Thus, one who uses or copies an existing CAD 
file to generate a digital blueprint for 3D printing 
may be liable to the file owner for copyright 
infringement.  One who uses a 3D scanner to 
create an image of the object to be printed and 
then creates a blueprint from that image, 
however, may escape liability for copyright 
infringement if (s)he copies only unprotected 
functional features of the object and not aesthetic 
or artistic elements.86 

Patent 

Patent law may provide medical device 
manufacturers greater protection against 
unauthorized 3D printing of their products.  The 
owner of a utility patent claiming a new and novel 
product or process has the right to exclude 
others from making, using, selling, offering for 
sale and/or importing into the United States any 
products and/or processes covered by the 
patent.87  A patent may be infringed directly (by 
one who makes, uses, sells, etc., the claimed 
invention); indirectly (by one who knowingly and 
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actively induces others to infringe); or 
contributorily (by one who knowingly makes, 
uses, sells, offers to sell or imports components 
of a patented product, or materials for use in a 
patented process, that have no other substantial 
non-infringing use).88  Thus, a medical device 
manufacturer who has patented its device and/or 
methods of using that device may invoke the 
patent laws to:  (i) enjoin the manufacture, sale 
and importation of 3D printed copies of its 
product; (ii) enjoin the use of 3D printed copies of 
its product; and (iii) enjoin deliberate attempts by 
third parties to encourage others to use 3D 
printed copies of its product.  Importantly, 
although one who creates a blueprint for 3D 
printing from a scanned image of a product may 
avoid copyright infringement liability, (s)he will 
not escape liability for patent infringement 
associated with the subsequent manufacture, 
use, sale, offer to sell or importation of that 
product if the product and/or its methods of use 
are protected by patent.89 

That said, 3D printing presents a number of 
challenges when it comes to enforcement of 
patent rights.  For example, identifying individual 
health care providers (or their patients) who are 
printing and/or using unauthorized 3D printed 
devices may be a challenge in itself.  Identifying 
the source of infringing 3D printed products may 
also prove difficult.  Enforcing patent rights 
against individuals who create and/or use 3D 
printed products can also be expensive and 
inefficient. 

Separately, the question of what, exactly, has 
been 3D-printed, and the purpose for which it has 
been used, may create close legal questions 
under the patent law.  For example, repairing a 
patented device using a 3D printed replacement 
of a non-patented component may not constitute 
patent infringement.  On the other hand, 
replicating a patented device by using a 3D 
printer to create all of its components may well 
constitute patent infringement.90 

Trademark, Trade Dress and Counterfeiting 

Trademark law is intended both to protect brand 
owners against misappropriation of the goodwill 
they have built in their trademarks (e.g., brand 
names and logos) and trade dress (i.e., the 
distinctive packaging or design of a product), and 
to protect consumers from misperception caused 
by the use of confusingly similar marks and trade 
dress.91  Generally, 3D printing of medical 
devices may not implicate trademark and trade 
dress concerns to the extent that (i) what is 
printed is the device itself, exclusive of any 
company or brand names, patterns or designs, 
and (ii) the design of the device is functional 
rather than aesthetic. 

Trademarks do, however, help a device 
manufacturer guard against counterfeiting of its 
products.  For products that bear a 
manufacturer’s brand, a 3D printer who includes 
the manufacturer’s mark on its 3D printed 
products will run afoul of federal trademark law 
and anti-counterfeiting law.92  3D printed 
products that do not include the manufacturer’s 
trademarks, on the other hand, may be easier to 
spot as unauthorized copies. 

Trade Secrets 

If access to a particular medical device is all that 
is needed to derive a suitable digital blueprint of 
it, then 3D printing the device is not likely to be 
deemed a misuse of the manufacturer’s trade 
secrets.  On the other hand, someone who 
obtains and makes unauthorized use of a 
manufacturer’s confidential and proprietary 
technical information (e.g., manufacturing 
tolerances) in creating a 3D printed copy of a 
device may be liable for misappropriation of the 
manufacturer’s trade secrets.93 

Planning Ahead:  Strategic Considerations 

Barring any changes in the law to specifically 
address 3D printing, the legal issues associated 
with protecting a manufacturer’s IP rights in a 3D 
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printing world are largely the same ones they 
face in dealing with other threats to those rights.  
The differences will come from the increasing 
ease with which IP-protected products may now 
be copied, and the corresponding difficulty that IP 
owners may have in identifying and stopping 
infringers. 

Device manufacturers can take steps to protect 
their IP position against this coming reality.  An 
anti-counterfeiting protocol, for example, 
including the use of proprietary product markings 
(some known only to the manufacturer) to 
distinguish genuine products and their 
component parts from counterfeit, can help 
manufacturers more readily spot unauthorized 
3D printed goods in the marketplace.  Seizure 
proceedings and actions before the International 
Trade Commission (“ITC”) to enjoin the 
importation of counterfeit goods may help keep 
infringing goods out of the marketplace even 
when enforcement against individual users, 
printers and/or distributors of 3D printed goods 
might be difficult.  A protocol for policing websites 
that allow sharing of CAD files, and for seeking 
the prompt take-down of copies of a 
manufacturer’s design files, may also be a useful 

tool.  And a preemptive IP protection strategy, 
which evaluates whether to seek patent 
protection not just for a medical device as a 
whole, but also for its component parts and 
methods of use, as well as possible opportunities 
for trademark and/or trade dress protection, may 
help manufacturers develop a portfolio of IP 
rights more specifically suited to protecting 
against encroachment from 3D printing. 

Medical device manufacturers should also 
consider the benefits of 3D printing, not just its 
risks.  A licensing program that allows health 
care providers and patients to 3D-print 
replacement parts for their medical devices, for 
example, or to print products that are relatively 
simple to make and frequently used, could be a 
source of both revenue and customer goodwill. 

Commentators are already debating what 
changes, if any, should be made to existing IP 
laws to address the growing 3D printing 
industry.94  Pending any such changes, 
manufacturers still have a number of options 
available under current law to both protect 
against unauthorized 3D printing of their devices, 
and take advantage of the opportunities that 3D 
printing may offer. 
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For products generally, 3D printing presents 
challenges with regard to potential tort liability.  
The overlay and interplay of FDA regulation of 
significant parts of the 3D printing process for 
medical devices further complicates the legal 
environment. 

Product liability itself is relatively new to the law, 
designed to reapportion common-law liability in 
ways that account for the rise of mass-produced 
items.  Product liability law originally arose from 
contract law, with many decisions through the 
early 1960s favoring manufacturers, because the 
general rule prohibited product users from suing 
manufacturers, unless they were in privity of 
contract.95  The first breach of the privity doctrine 
came when Justice Benjamin Cardozo opined in 
Macpherson v. Buick Motor Co., 217 N.Y. 382 
(1916), that manufacturers could be liable for 
negligence absent privity between the 
manufacturer and injured consumer.  In the 
1960s, privity and certain other defenses were 
swept away by the doctrine of strict liability, 
introduced in Greenman v. Yuba Power 
Products, 59 Cal. 2d 57 (1963), which held that 
manufacturers could be liable without fault 
(negligence) for injuries caused by defective 
products.  Strict liability doctrine was included in 
the second Restatement of Torts (Second),96 and 
thereafter was widely adopted. 

The advent of 3D printing has multiplied the 
number of possible “products” and scrambled the 
traditional “manufacturer”-based chain-of-sale 
concept on which strict liability has been based.  

The scenarios made possible by 3D printing 
include (1) defective original product used to 
create the digital design; (2) defective original 
digital design; (3) defective digital file; 
(4) corrupted copy of downloaded digital file; 
(5) defective 3D printer; (6) defective bulk printing 
material used in 3D printer; (7) human error in 
implementing the digital design; and (8) human 
error in using the 3D printer and/or materials.97  
The parameters of tort liability may need to be 
redefined once again to account for new 
technologies and new supply chains, where 
traditional “manufacturing” processes are carried 
out by entities elsewhere in the chain of sale – 
such as hospitals and treating physicians.  What 
counts as a “product” when it comes to 3D 
printing?  Certainly a medical device produced 
through 3D printing seems to fit within traditional 
concepts of “product.”  But then who is the 
“manufacturer”?  3D printing requires CAD 
models and code to operate the printer.  Are 
these “products” as well?  Many 3D-printed 
medical devices are, and will be, customized for 
individual patients using electronically inputted 
information from data from computed 
tomography or magnetic resonance imaging 
scans.  Can such anatomical scans also become 
products?  It can be argued that purely electronic 
data, such as code, does not constitute a 
product, at least under the Restatement (Third) of 
Torts, which defines a product as “tangible 
personal property distributed commercially for 
use or consumption.”98  Does 3D printing render 
parts of the Third Restatement obsolete?  
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While, as of the date of this article, there is no 
case law addressing whether the code for 3D 
printing designs constitutes a “product,” courts – 
for purposes of strict liability or negligence – 
already have held that computer code does not 
constitute a “product” in other contexts. In U.S. v. 
Aleynikov, 676 F.3d 71 (2d Cir. Apr. 11, 2012), a 
criminal case construing the National Stolen 
Property Act (“NSPA”), 18 U.S.C. § 2314, the 
court reversed a conviction and held that the 
proprietary computer source code was not a 
stolen “good” within the meaning of the statute.99  
The NSPA makes it a crime to transport, 
transmit, or transfer, in interstate or foreign 
commerce, any goods, wares, merchandise, 
securities or money, with a value of $5,000 or 
more, with the knowledge that it has been stolen, 
converted or taken by fraud.  The would-be 
“good” consisted of more than 500,000 lines of 
source code allegedly illegally uploaded by the 
defendant and transported across state lines on 
a flash drive and a laptop.100  The Second Circuit 
held that source code did not qualify as “goods,” 
“wares,” or “merchandise” under the statute, 
“[b]ased on the substantial weight of the case 
law, as well as the ordinary meaning of the 
words.”101  NSPA precedent involving theft of 
intellectual property required that “some tangible 
property must be taken from the owner for there 
to be deemed a ‘good’ that is ‘stolen’ for 
purposes of the NSPA.”102 

Similarly, courts could consider that electronic 
StereoLithography “STL” files—the standard file 
type used by most additive manufacturing 
systems—would not constitute a product under 
the Restatement (Third) of Torts,103 which 
defines products as “tangible property,” 
potentially barring strict liability claims.  If STL 
files are not considered products because of their 
intangibility, injured parties will not be able to 
pursue strict liability claims, which require proof 
of a manufacturing defect, design defect, or 
failure to warn with respect to a product, plus 
causation and injury.104  Such definitions of 
“product,” of course, would not preclude 
negligence or warranty liability, assuming that the 

other elements of such causes of action were 
present. 

On the other hand, whether or not something is 
tangible does not necessarily dictate whether it 
qualifies as a product for strict liability purposes.  
For example, courts have held that certain non-
tangible items, such as electricity, qualify as 
products for purposes of imposing strict 
liability.105  Aeronautical maps and charts have 
also been held to be products.106  On the other 
hand, information in books generally has not 
been held to be a product.107  In addition, courts 
across the country have held that publishers may 
not be held liable for “informational defects” in 
published material pursuant to the First 
Amendment.108 

As consumers continue to turn to 3D printing 
services like Shapeways109 to print their 
products—transactions that combine products 
and services—whether a plaintiff can recover for 
strict liability can also turn on the defendant’s 
role.110  The purpose of imposing strict product 
liability on a commercial seller, manufacturer or 
distributor of products is that the defendant 
played an “integral role in the overall production 
or marketing enterprise.”111  Courts often decline 
to impose strict liability on defendants whose 
primary objective is providing services—
particularly doctors and hospitals, entities that will 
be operating medical device 3D printers.  The 
majority of courts view hospitals as service 
providers, not sellers of products, as they are 
neither affiliated with drug or device 
manufacturers nor marketers in the commercial 
sphere.112  The Pennsylvania Supreme Court 
explained that hospitals are suppliers of 
“services” as opposed to “products” for purposes 
of strict liability as follows: “The thrust of the 
inquiry is thus not on whether a separate 
consideration is charged for the physical material 
used in the exercise of medical skill, but what 
service is being performed to restore or maintain 
the patient’s health.”113 
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Although the majority rule traditionally holds that 
hospitals are service providers not strictly liable 
for personal injuries arising from product 
defects,114 that could change as hospitals start to 
incorporate a 3D printing center on-site.115  
Hospitals, including Children’s Hospital of Illinois 
in Peoria, and Rush University Medical Center, 
have already begun incorporating 3D printing 
labs to print 3D-printed anatomical models based 
on CT scans and MRIs of the patient for use in 
pre-surgical planning.116  Thus, to the extent that 
3D printing is considered a service, or as 
producing products incident to the provision of 
medical services, consumers may not be able to 
recover under a strict liability theory against 3D 
printing services. 

Product users seeking to recover for injuries 
resulting from a 3D printed product, under a strict 
liability theory, face an additional hurdle—proving 
that the product was placed on the market by a 
commercial manufacturer or seller.  In order to 
prevail on a product liability claim, a plaintiff must 
show that the product, which allegedly caused 
the injuries, was placed on the market, with 
knowledge that the product would be used 
without inspection for defect, and that the product 
was defective, and caused harm.117  Whether an 
end-user can recover for injuries under a strict 
liability theory will depend on a number of factors, 
including whether the “seller is engaged in the 
business of selling” the product.118  As set forth in 
comment f of section 402A of the Restatement 
(Second) of Torts, while section 402A “applies to 
any person engaged in the business of selling 
products for use or consumption,” such as 
product manufacturers, retailers, and distributors, 
it does not apply to the “occasional seller” of 
products “who is not engaged in that activity as a 
part of his business.”  In Racer v. Utterman, 629 
S.W.2d 387, 398 (Mo. Ct. App. 1981), where the 
plaintiffs sued the defendant hospital for strict 
liability arising from injuries allegedly caused by 
surgical drapes, which caught fire, the court held 
that the hospital was not strictly liable for the 
patient’s injuries because there was “no evidence 
that the drape was sold by the hospital to 

plaintiffs or that the hospital was in the business 
of selling disposable drapes.  . . . [T]he hospital is 
in no different position than any other business 
which purchases goods for its own use in 
conducting its business.”  A hobbyist who 
occasionally uses 3D printing to make, for 
example, a hard-to-obtain spare part, which then 
injures a consumer, is less likely to be subjected 
to strict liability than an entity that regularly 
makes, markets, distributes and sells 3D printed 
products as part of its ongoing business 
activities.119  It remains to be seen whether in-
house 3D printing brings hospitals one step 
closer to being in the business of selling medical 
devices, and thus potentially becoming a 
“manufacturer” for purposes of either strict 
liability or negligence.120 

Even overcoming these obstacles, a plaintiff, to 
recover under a strict liability theory, would have 
to show that the product was defective when it 
left the defendant’s control.121  However, with the 
open source movement, where 3D designs are 
shared with a community of users who are 
encouraged to share and improve upon existing 
designs, plaintiffs may find it virtually impossible 
to trace the design to its original owner or show 
that it left the defendant’s control without 
substantial change by the time it reached the 
consumer.  Where 3D modeling and animation 
software is offered for free, rather than “sold,” 
another basic strict liability prerequisite is 
eliminated.122  Open source software also is 
generally distributed subject to terms of use that 
preclude recovery under product liability theories, 
although the applicability of such exculpatory 
language to injuries suffered by third persons is 
dubious.123 

Given the challenges associated with asserting a 
strict liability claim in the context of 3D printing, 
plaintiffs seeking to recover for personal injuries 
caused by 3D printing may be left having to 
pursue negligence claims.  To prevail on a 
negligence theory, a plaintiff must prove the 
existence of a duty of care, breach of that duty, 
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proximate causation, and resulting damages.124  
But who owes a duty of care to the plaintiff? 

For example, does the designer of the STL file 
for the 3D printed product owe a duty of care to 
unknown third persons?  Whether a designer has 
a duty may depend on whether the plaintiff 
suffered personal or economic injuries.  Courts 
applying the economic loss rule have held that 
software developers do not have a duty of care to 
avoid intangible economic loss or emotional 
distress, and thus cannot be liable for negligence 
unless their software caused physical 
damages.125 

Assuming that the manufacturer or seller of the 
3D printed product has such a duty of care, what 
does the duty entail with respect to a 3D printed 
product?  Generally, a manufacturer or seller has 
a legal duty to use reasonable care in response 
to a foreseeable risk of injury to others.126  When 
a manufacturer or seller knows or should know of 
unreasonable dangers associated with the use of 
the product, and such dangers are not obvious to 
the user, there is a duty to warn of the 
dangers.127  Applying these principles, STL files, 
without more, may not present unreasonable and 
unknown dangers triggering a duty to warn.  On 
the other hand, if a designer or seller distributes 
STL files on how to 3D print a firearm, 
presumably a duty to warn of the dangers of the 
gun arises.  Whether a duty to warn exists is 
likely to be a fact-driven inquiry and will depend 
on the type of product being 3D printed. 

These general duty considerations are of equal 
importance in the health care arena, where 3D 
printed and patient-matched medical devices are 
being implanted in patients to save lives and 
improve health care.  For example, in the event a 
patient is injured by a medical device that is 3D 
printed by a hospital (or by a separately 
incorporated, hospital-affiliated entity), who is the 
manufacturer or supplier for liability purposes?  
The common-law majority rule in the United 
States is that hospitals are not strictly liable for 
damages caused by prescription medical 

devices, usually, but not solely, because of the 
service/sale distinction already discussed.128  
Query whether hospital ownership of the 3D 
printer that printed the injury-causing device, 
could change the legal calculus of whether the 
hospital should be considered the manufacturer, 
particularly if no better candidate for 
“manufacturer” status exists.129 

Assuming, however, that the hospital is not the 
manufacturer, another candidate for this role is 
the software designer.130  However, product 
designers or inventors who were not also 
manufacturers of the product have historically not 
been held strictly liable.131  Claims against non-
manufacturers frequently occur in the context of 
litigation arising from the use of generic drugs, 
where plaintiffs seek recovery from the 
manufacturers of the original, or “innovator,” drug 
who initially prepared the labeling.132  Most courts 
have declined to hold that the innovator drug 
manufacturers owe duties of care to consumers 
of a generic drug manufactured by a different 
company.133  Like product designers, other 
inventors, patents holders, and similar entities 
that gave input into design, but not 
manufacturing, may be liable, if at all, solely in 
negligence.134  A final possibility, the 
manufacturer of the 3D printer itself, is unlikely to 
be held strictly liable because it only made a tool, 
and did not sell the actual injurious product, or its 
design software, to the plaintiff.135 

Under a negligence theory, the duty to warn of 
the reasonably foreseeable dangers is critical 
given the inherent risks presented by medical 
devices, particularly Class III medical devices, 
which sustain or support human life.136  Where 
the medical device is available by prescription, in 
the vast majority of jurisdictions that have 
adopted the learned intermediary doctrine, the 
duty to warn is satisfied where the manufacturer 
adequately warns the patient’s physician.137  
Because physicians are typically warned about 
medical devices through medical literature such 
as product brochures, user guides, and product 
manuals that are created by a medical device 
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manufacturer, 3D printed medical devices will 
need to be accompanied by adequate warnings 
directed to physicians, if not consumers.  As with 
other medical device warnings, these should 
disclose the reasonably foreseeable risks of the 
finished medical device (e.g., adverse reactions).  
In the 3D printing context, if no traditional product 
“manufacturer” exists, it is likely that, through the 

give and take of tort litigation, a duty to warn 
(perhaps only in negligence) will ultimately be 
imposed on some other entity involved in the 
creation of such products. 

As 3D printing continues to disrupt traditional 
manufacturing, products liability law will likely 
evolve to accommodate the new technology.
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3D printing provides significant environmental 
benefits over traditional manufacturing 
techniques by reducing waste and cutting down 
on the raw materials used to manufacture 
products (as discussed supra, pages 2–3).  That 
said, potential environmental hazards must be 
closely monitored as 3D printing technology 
evolves, especially in the workplace. In 
December 2014, the Environmental Health and 
Safety Department of Carnegie Mellon University 
published a 3D Printer Safety Fact Sheet138 on 
the various hazards of 3D printer use as a result 
of the highly combustible powders, flammable 
thermoplastics and high temperatures involved in 
the process of 3D printing.  Employers are 
responsible for ensuring safe work environments 
for the health and safety of their employees, 
under the Occupational Safety and Health Act of 
1970, as well as other federal, state and local 
regulations.  As such, it is important that 
employers understand the risks posed by 3D 
printing in the workplace and, where appropriate, 
offer employee training and implement preventive 
and mitigating measures. 

Rather than traditional “ink,” 3D printers generally 
use plastic filaments (as discussed supra, pages 
2-3) comprising acrylonitrile butadiene styrene 
(ABS) or polylactic acid (PLA), which are heated 
and passed through a fine nozzle, layer by layer, 
to print a solid object.  The heated thermoplastic 
extruders have been shown to release significant 
aerosol emissions into the environment139, which 
may cause serious harm to one’s health, absent 
adequate ventilation.  Scientists in the Illinois 
Institute of Technology (ITT) and France’s 
National Institute of Applied Sciences found that 

commercially available desktop 3D printers 
emitted between 20 billion and 300 billion 
ultrafine particles (UFPs) per minute.140  When 
these UFPs are inhaled, they can end up in the 
lungs and, in high concentrations, cause 
inflammation in the respiratory system.141  Indoor 
emissions, such as in the workplace, present an 
increased risk for health issues because 3D 
printers are often sold as stand-alone devices 
without ventilation or filtration accessories.142  3D 
printing businesses may use the U.S. 
Department of Labor’s Occupational Safety and 
Health Administration (OSHA)’s ventilation 
standards as a guideline for reducing such risks 
and protecting the health and safety of 
employees.143 

Another potential hazard in the 3D printing 
industry is combustible dust explosions.144  Dust 
explosions may pose a risk where there is 
(1) combustible dust, (2) an ignition source, 
(3) oxygen in the air, (4) the dispersion of dust 
particles in sufficient quantity and concentration, 
and (5) confinement of the dust cloud.145  In May 
2014, OSHA cited a 3D printing company, 
Powderpart Inc., for 10 violations of workplace 
safety standards, and fined the company 
$64,400.146  Following an investigation of an 
explosion and fire, which inflicted third-degree 
burns on a company employee, the company 
was cited for failing to prevent and protect its 
workforce from the fire and explosion hazards of 
reactive, combustible metal powders, such as 
titanium and aluminum alloys, which are used in 
the company’s 3D printing process.147  The 
company also failed to eliminate known sources 
of potential ignition and follow pertinent 
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instructions from equipment manufacturers.148  
Additionally, the company placed an employee 
workstation and flammable powders next to an 
area with explosion potential.149  In addition to 
the fire and explosion dangers, other serious 
hazards included the use of unapproved 
electrical equipment; electrical equipment and 
wiring that were unsuitable for a hazardous 
location; failure to train employees on chemical 
hazards and safeguards; failure to supply 
employees with all necessary protective clothing, 
equipment and training; no written respiratory 
protection program; and failure to post danger 
tags in potentially explosive areas.150 

OSHA has published advisory guidelines on 
combustible dust hazards and safeguards in the 
workplace for employers.151  According to 
OSHA’s Safety and Health Information Bulletin, 
Combustible Dust in Industry: Preventing and 
Mitigating the Effects of Fire and Explosions, the 
primary factors for assessing the potential for 
dust explosions are determining whether the dust 
is combustible, and identifying areas that require 
special electrical equipment classification as a 
result of the presence of combustible dust.152  
Once the hazards are identified, employers may 
implement preventive and mitigation methods to 
safeguard the workplace. 

National Fire Protection Association standard 
NFPA 654, Standard for the Prevention of Fire 
and Dust Explosions from the Manufacturing, 
Processing, and Handling of Combustible 
Particulate Solids, also provides guidance on the 
prevention of fire and dust explosions from the 
manufacturing, processing, and handling of 
combustible materials.  3D printing businesses 
can safeguard against the potential for dust 

explosions caused by 3D printing by 
(1) minimizing the escape of dust from process 
equipment or ventilation systems, (2) using dust 
collection systems and filters, (3) utilizing 
surfaces that minimize dust accumulation and 
facilitate cleaning, (4) cleaning dust residues 
regularly, (5) using cleaning methods that do not 
generate dust clouds if ignition sources are in the 
vicinity, and (6) developing a hazardous dust 
inspection and control program.153  Employers 
can also protect against potential fire and 
explosion hazards by controlling ignition sources 
by using appropriate electrical equipment and 
wiring methods; controlling smoking, open 
flames, and sparks; and keeping heated surfaces 
away from dust.154  In addition, 3D printing 
businesses should clean and maintain 
workplaces, including by removing dust 
accumulations.155 

Further, employers that use hazardous chemicals 
or combustible dust in their workplaces are 
required to implement comprehensive hazard 
communication programs (including container 
labeling, warnings, safety data sheets, and 
employee training) to ensure that safety 
information regarding chemical hazards is 
properly transmitted to employees.156  One of the 
keys to providing a safe workplace in the 3D 
printing environment is training employees on 
how to identify potential hazards, maintain clean 
and well-ventilated workspaces, and control dust 
and ignition sources to prevent explosions. 

Given the risks associated with 3D printing, it is 
also imperative for businesses to obtain 
appropriate insurance to protect against potential 
liabilities arising from 3D printing. 
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As 3D printing becomes more prevalent, liability 
risks to individuals and businesses  will likely 
climb in similar fashion—and with it, the need to 
explore whether existing insurance provides 
adequate coverage or whether additional 
coverage is needed.  In addition to design and 
intellectual infringements, discussed supra, 3D 
printing presents many types of risks, including 
product liability risks and environmental liability 
risks, to name a few. 

Because 3D printing will blur the line between 
manufacturers and end-users, it will create 
challenges in apportioning liabilities and pose 
accountability and traceability issues.157  The 
number of persons potentially liable for injuries 
caused by a defective product is an issue 
plaguing insurance companies.158  Because 3D 
printers are becoming more accessible—
individuals can purchase the printers, use an 
online 3D printing service like Sculpteo159, or use 
the 3D printers in a brick-and-mortar communal 
workspace (or “hackerspace”) to print objects 
using designs and materials that may have been 
created or manufactured by a third party.  As this 
type of 3D printing activity takes place, it will 
become increasingly difficult for insurers to 
identify the liable party. 

Whether the injury will be covered by an insurer 
is a separate issue.  Consider for example, a 
hobbyist who sells an object that was printed in 
his garage, which causes injuries to a customer.  
An issue will exist as to whether there will be 
coverage under the individual’s homeowners 
insurance policy, which typically contains a 
business exclusion, which bars coverage for 

activities carried out for financial gain.160  As one 
insurer stated regarding claims arising from 3D 
printed devices, “we are aware of no claims 
having been reported yet so we don’t know 
exactly what will happen. We have no 
precedent.”161 

Not only does the finished 3D printed object 
present risks requiring insurance, but the 3D 
printing process itself also calls for environmental 
liability insurance because of the potential for raw 
materials being used to print 3D objects to 
release fine toxic particles into the 
atmosphere,162 as discussed supra, Chapter 5.  
Injuries arising from the release of toxic particles 
from a 3D printer, however, may implicate the 
pollution exclusion.163  Courts that have 
addressed this issue are split on whether the 
pollution exclusion applies to indoor 
contaminants.164  The circuit courts are split on 
the meaning of the terms “discharge, dispersal, 
seepage, migration, release or escape,” and 
whether the pollution exclusion bars coverage for 
all injuries caused by the release of pollutants 
where the pollutant is dispersed into a confined 
area.165  Thus, whether a policyholder receives 
coverage for claims for bodily injuries caused by 
a 3D printer’s release of pollutants, may depend 
on the particular jurisdiction’s interpretation of 
these terms. 

Against the backdrop of 3D printing, insurers will 
likely evaluate some or all of the following in 
evaluating coverage for policyholders: 

 Whether there are any increases in the risk 
to the insured as a result of the 
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manufacturing process (e.g., additive 
manufacturing is not heavily regulated and 
poses the risk of counterfeit goods being 
printed and sold, arguably more so than 
traditional manufacturing) 

 Any supply chain issues 

 Complexities associated with the ability to 
trace the parties responsible for the defects 
in manufacturing and its potential impact on 
subrogation/recovery rights 

 The number of jurisdictions in which the 
insured operates and their regulators 

 Discussions with product developers that the 
policyholder uses 

 The risks at each stage, from manufacturing 
the product to testing and distributing to the 
end user, including the risks associated with 
the quality of the raw materials being used 
and potentially new combinations of 
materials, which may not have been properly 
tested166 

Whether applying for insurance or renewing 
one’s insurance, businesses can reduce the risk 

to themselves by employing one or more 
strategies:  

 Develop strategies for managing the product 
risks through greater traceability of designs, 
raw materials and components (including 
physical identifiers on products) 

 Have an open dialogue with the insurer’s risk 
manager to implement a risk-management 
solution 

 Consider the need for product recall 
insurance 

 Consider the need for worldwide coverage 
where products are sold globally  

 Take mitigating actions and have 
contingency plans in place  

 Implement negotiated (as vendor or buyer) 
disclaimers, non-liability clauses, or caps to 
limit one’s liability 

 Review risk-management processes and 
show underwriters that key issues, such as 
maintaining quality control, have been 
addressed167 
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3D printing has the potential to revolutionize the 
medical device industry, whether through the 
manufacture of customizable devices (both 
implantable and non-implantable), or through the 
use of surgery models.  While regulatory 
concerns may be the primary focus of 3D printing 
medical device manufacturers, these companies 
should also be planning ahead for 
reimbursement.168  Whether 3D printed medical 
device implants, models, and related health care 
services will be eligible for reimbursement by the 
government or private insurance companies will 
depend largely on whether these 3D printed 
products are determined to be medically 
necessary, and whether they provide a 
substantial clinical benefit. 

Public and private third-party payors represent 
any medical device manufacturer’s largest 
market opportunity for most products, and 
therefore, it is crucial that manufacturers align 
their strategies with that of the payors.169  By 
understanding the reimbursement process, as 
well as demands of payors, 3D printed medical 
device companies can organize clinical trials and 
take regulatory pathways that will support 
reimbursement, and in turn, help grow this new 
technology. 

This chapter will focus on a brief overview of the 
reimbursement issues that companies that 
manufacture 3D printed implantable medical 
devices may face, so that they can properly plan 
for reimbursement.170  While the technology may 
be novel, the reimbursement issues these 
companies face are, in many ways, 

commonplace for traditionally manufactured 
medical device companies. 

Coverage 

Coverage is the first step to determine whether 
any payment will be provided for the product.171  
Although regulatory approval is necessary for 
coverage, it does not guarantee coverage.  The 
FDA ensures that products are safe and 
effective, while payors focus on the product being 
reasonable, necessary, and superior to other 
products on the market.172  This difference 
makes it complicated for manufacturers to 
achieve both regulatory clearance and 
reimbursement.  In other words, with respect to 
3D printed medical devices, the key to 
reimbursement is to impress upon the payors 
that the 3D printed device is distinguishable or 
novel from other devices on the market, and that 
the 3D printed device will last at least as long or 
perhaps longer than the current devices.  
Currently, however, 3D printed medical devices 
entering the market are using the 510(k) process 
(see supra Chapter 4: Regulatory Issues), which 
in essence means that 3D printed devices are 
“substantially equivalent”173 (i.e., not 
distinguishable or novel) to other devices already 
on the market.  So while a manufacturer may be 
able to obtain FDA approval, it may not be able 
to obtain reimbursement for the 510(k) cleared 
3D printed medical devices and/or payment will 
be the same as the already approved product, 
unless the manufacturer has clinical data 
demonstrating clinical efficacy and long-term 
outcomes.  3D printed medical device companies 
should look for alternatives to the 510(k) 
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pathway, and they should make sure that the 
regulatory pathway aligns with their strategy for 
reimbursement, as well as their marketing 
messages. 

Another coverage issue facing 3D printed 
medical device companies is lack of clinical data.  
While 3D printed implants may theoretically 
reduce the overall costs associated with implant 
surgeries by decreasing the operating time, 
recovery time, and chance for medical 
complications, there remains a lack of clinical 
evidence suggesting the actual superiority and 
cost-effectiveness of 3D printed devices in peer-
reviewed scientific/ clinical literature.  For public 
payors, such as the Centers for Medicare & 
Medicaid Services (“CMS”), coverage via a 
national coverage decision or local coverage 
decision will likely be required for new medical 
technologies, such as 3D printed devices.  Public 
(as well as private) payors will demand peer-
reviewed clinical data in order to make a 
coverage determination.  Payors in general also 
prefer data from prospective randomized clinical 
trials.174  Private insurance companies also will 
require long-term clinical data that demonstrate 
the clinical value of the 3D printed device.175  
Therefore, 3D printed medical device companies 
will need to invest in clinical studies, with the data 
being disseminated though peer-reviewed 
journals, which provide a level of credibility that 
CMS, private payors, hospitals, and physicians 
can rely upon.176 

Not only is long-term clinical data necessary for 
the reimbursement of 3D printed medical 
devices, but postmarket surveillance (or so-called 
real world data) will also likely be necessary.177  
Payors will want to understand the cost, benefits, 
and patient outcomes of the 3D printed devices.  
Registries or longitudinal studies to collect post-
clearance/approval data will likely be created so 
that payors (and the FDA) can track the 
outcomes of 3D printed devices in real-world 
patient populations. 

Coding 

Coding is a short-hand system that describes 
diseases, procedures, or products.178  3D printed 
medical device companies will need to determine 
how their products fit into the coding landscape, 
which requires a thorough analysis.  If current 
codes are not appropriate for the 3D printed 
devices and services, creating new codes may 
be an option; however, in order to do so, 
extensive clinical data demonstrating clinical 
efficacy and widespread adoption (or program 
need) is required. 

Without proper coding for 3D printed medical 
devices, physicians may be discouraged from 
using such devices, as they will not be properly 
paid for their efforts.  For example, the lack of 
insurance coverage and inadequate payment179 
for complex, reconstructive surgeries has been 
shown to deter surgeons from undergoing 
medical training to use 3D printed implants and 
3D printed models for pre-surgical planning.180  In 
order for 3D printing to become sustainable 
within the orthopedic industry and elsewhere, 
surgeons must be paid appropriately for planning 
(such as scanning the patient in order to create a 
customizable implant) needed to develop 3D 
printed implants.  This means that new Current 
Procedural Terminology (“CPT”)181 codes will 
need to be created to describe these services, in 
order for the physician to be paid.  The American 
Medical Association (“AMA”) is responsible for 
establishing new CPT codes, and the criteria for 
Category I CPT codes182 includes, among other 
things, widespread adoption of the procedure, 
and that the clinical efficacy of the procedure is 
well-documented in peer-reviewed clinical 
literature.  Assuming all the criteria can be met, 
obtaining a new CPT code may take 18-24 
months.  Without a new CPT code, a physician is 
less likely to use 3D printed devices over 
traditionally manufactured devices, especially if 
extra work including planning is required.  
However, if the physician does not need to do 
any extra work, whether he uses a 3D printed 
device or a traditional manufactured device, then 
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existing CPT codes may work and a physician 
may be more likely to use a 3D printed device.183 

Payment 

Assuming, 3D printed devices are able to obtain 
coverage and either can use existing CPT codes 
or new CPT codes are created, then hospitals 
and physicians can be paid for using 3D printed 
medical devices.  Medicare payment to the 
facility will vary based on the site of service.184 

Hospital 
Inpatient 

Medicare Severity Diagnosis- 
Related Group (MS-DRG) – 
assigned when patient is 
discharged.  Additional 
payment for new technology 
may be made if technology 
qualifies for New Technology 
DRG Add-on 

Hospital 
Outpatient 

APC – Ambulatory Payment 
Classification 

Ambulatory 
Surgery Center 

Percent of APC payment 

 
Medicare payment to the physician for his or her 
professional services is based on a fee 

schedule.185  The fee schedule payment is based 
on the time, skill, complexity of the procedure as 
well as where the service is furnished. 

Even outside of the regulatory context, 
acceptance of the medical device within the 
medical community is necessary for sales.186  
Acceptance from physicians will come as more 
and more data supports the use of 3D printed 
devices over traditionally manufactured 
counterparts.  The data will also clear the 
pathway for reimbursement, which will in turn 
create even more support from physicians. 

Conclusion 

Regarding reimbursement, 3D printed medical 
device companies do not face any new 
challenges that traditional manufactures face 
when releasing new products.  Understanding 
reimbursement and creating a successful 
reimbursement strategy in the product 
development phase is necessary to ensure that 
3D-printed medical devices are not only 
innovative, but are also actually used by the 
patients who need them.  
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