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Introduction

What if you could build your own bones or car
by printing the parts you need? Three-
dimensional, or 3D, printing makes this possi-
ble by manufacturing materials that are de-
posited in layers, producing a three-
dimensional object. This technology provides
the capability to producing objects of different
geometries or shapes, using different materi-
als, such as polymers, free-standing liquid
metals, solid metals, ceramics, clays, epoxy

resin, and even living cells and organs.

In his book published in 2011, Jeremy Rifkin
described how the use of 3D printing marked

the beginning of a Third Industrial Revolution.

This succeeded the production line assembly,
which once dominated manufacturing, and
the development of steam transportation
systems. Economic historians argue that the
onset of the Industrial Revolution was the
most important event in the history of hu-
manity since the domestication of animals,
plants, and fire. So, what will be the signifi-
cance of 3D printing? This Tech Insight ex-
plores the evolution of 3D printing, how the
technology is used in current healthcare appli-
cations, its potential impact on the Depart-

ment of Veterans Affairs (VA), and 3D

printing’s next evolution.

Evolution of 3D Printing

3D printing is a process that uses a digital file
to make three-dimensional, solid objects.
Because the creation of 3D printed objects is
achieved using an additive process, it is also
referred to as additive manufacturing. In es-
sence, a 3D printer is a type of industrial

robot.

Three-dimensional printing moved from sci-
ence fiction to reality between the mid-1980s
and the early 1990s when scientists such as
Charles Hull, Carl Deckard, and Scott Crump
independently developed different processes

for printing 3D objects.

Charles Hull engineered the stereolithograph-
ic apparatus (SLA), a machine that created a
tangible 3D object from digital data pertaining
to its color, texture, layer thickness, and other
features. The early 1990s saw the introduc-
tion of more 3D printing techniques, such as
Selective Laser Sintering (SLS) and Fused Dep-
osition Modeling (FDM). SLS uses a high-
powered laser to fuse particles of plastic, met-
als, ceramic, or glass powders into a three

dimensional object.

The TS office within OI&T’s ASD, interacts not
only with the Enterprise Architecture pillar
offices, but also with multiple external ven-
dors, stakeholders within OI&T, and with
strategic offices across the enterprise. TS
works closely with IT and business owners to
capture business rules and provide technical
guidance as it relates

to Data Sharing across
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operability.

As early as 1991, FDM 3D printers, which lay
down materials in additive layers, were fed
with thermoplastic filaments. Thermoplastic
filaments are materials that become mallea-
ble when heated, but harden when cooled.
The filaments pass through an extruding noz-
zle and are heated above their melting tem-
perature. The nozzle’s motion is computer-
controlled by a three-axis positioning system.
While exiting the nozzle, the softened plastic
filament cools, rapidly hardening and forming
the 3D printed object via layer-by-layer depo-

sition.

3D Printing in the Healthcare Realm

By the late 1990s, 3D printing became a stra-
tegic healthcare tool. The need to replace
damaged or diseased bone is not new, so why
not use 3D printing to manufacture body
parts? 3D printing is an advancement that
brings down cost and offers supply on de-

mand.

In 1999, the Wake Forest Institute for Regen-
erative Medicine opened the door to applying
3D printing for engineering not only bones,
but organs as well. With this development, 3D
printing became vital for patients who needed
organ transplants in a short period of time.

Timely reception of these organs determined


http://www.thethirdindustrialrevolution.com/
http://www.plm.automation.siemens.com/en_us/products/tecnomatix/manufacturing-simulation/robotics/robcad.shtml
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whether patients live or die. Further efforts include printing scaffolds
of stem cells, cartilage, bone, disease cells, blood vessels, and human
hearts. In 2008, a medical research firm, Organovo, printed functional
blood vessels and cardiac tissue using cells obtained from a chicken.
Today, researchers at the University of Rostock in Germany, Harvard
Medical Institute, and the University of Sydney, are developing meth-
ods of heart repair, called “heart patches,” made with 3D printed

cells.

Additional Breakthroughs in 3D Printing

While 3D printing plays a major role in the healthcare sector, it has
also impacted the automotive, architectural, aerospace, and jewelry
industries. For example, the first 3D printed car, the Urbee, was cre-
ated in 2011 through a collaborative effort between a 3D printing
company, Stratasys, and a Winnipeg engineering group, Kor Ecologic.
The car’s entire body is created with 3D printed parts; it uses both
gas and electric motors to achieve fuel efficiency of more than 200
miles per gallon (mpg) on the highway and 100 mpg in city, using
either ethanol or gasoline fuel. In 2015, a Chinese construction com-
pany, WinSun Decoration Design Engineering Co., printed 10 houses,
a five-story structure, and a mansion. Other contributions include the
world’s first 3D printed robotic aircraft designed and flown by engi-
neers at the University of Southampton, and online 3D printing ser-

vices which offer 14K gold and silver jewelry manufacturing.

4D Printing

A new form of printing has entered the market with even greater
implications for industry; four-dimensional, or 4D, printing introduces
transformative capabilities to the concept of printed manufacturing.
4D printing develops chameleonic materials, whose properties shift
according to external stimuli, such as pressure, moisture or tempera-
ture changes. Whether synthetic or biological, these materials
change shape on their own. MIT research scientist Skylar Tibbits pre-
dicts, “4D printing will allow us to print objects that can reshape
themselves or self-assemble over time.” Self-assembly is a process by
which disordered parts build an ordered structure through only local
interaction, such as a printed cube which folds by itself or a printed

pipe which senses the need to expand or contract.

From a healthcare perspective, this type of technology can impact
artificial organs and nanotechnology. For example, a throat illness that
is temporarily treated with a static, 3D printed splint could instead be
treated by implants that change shape and conform over time as the
body moves or grows, using 4D printing. Thus, temporary implants
have the potential to be replaced with more permanent implant solu-

tions. According to Frost and Sullivan's analysis, healthcare applica-

tions may be slow to market due to stringent health and safety stand-

ards.

Conclusion
As further research and development continues to support 3D printing,
it is important that VA leverage these technologies when possible. So

far, VA has hosted a VA Innovation Creation Series Challenge, officially

launched at the VA Palo Alto VA Medical Center in California, as a
means to create “an open ecosystem of prosthetics and other assistive
technologies” through the use of 3D printing and open source availa-
bility. It is an initiative that VA hopes will inspire the developer com-
munity to create new innovative prosthetics and assistive technologies

that will improve the care and quality of life for our Nation’s Veterans.

Read more technology-related topics in the Office of Technology Strat-

egies’ Tech Insights and Enterprise Design Patterns. If you have any

questions about 3D printing, don’t hesitate to ask TS for assistance or

more information.

Note: As of September 14, 2016, the Office of Technology Strategies’ (TS) white
paper series known as “TS Notes” has been renamed to “Tech Insights.” The
new name has a stronger connection to the intent of the series, which is to
provide readers with strategic insights on a variety of technology topics. The
content and topics covered in Tech Insights will not change. If you have any

references to these documents, please update them as necessary. Thank you!


http://www.explainingthefuture.com/bioprinting.html
http://thefutureofthings.com/8973-7-major-advancements-3d-printing-is-making-in-the-medical-field/
http://newatlas.com/urbee-3d-printed-car/16795/
http://www.techstrategies.oit.va.gov/docs/CTSNotes/Nanomedecine_508.pdf
http://www.healthcareitnews.com/news/4d-printing-next-healthcare
http://www.blogs.va.gov/VAntage/19925/va-launches-innovation-creation-series-prosthetics-assistive-technologies/
http://www.techstrategies.oit.va.gov/TS_notes.asp
http://www.techstrategies.oit.va.gov/enterprise_dp.asp
mailto:askts@va.gov



