Sophomore Summer Assignment
UNIVERSITY HEIGHTS HIGH SCHOOL

You are assigned 3 tasks to complete as part of your summer assignment. Each task must be completed
and submitted on September 5, 2018.
Task 1
Directions Review the UHHS Road Map and answer the following questions in essay format and place on
your digital portfolio prior to September 5, 2018:
1. Did you meet all of the benchmark for 9th grade program, etc.
2. What area(s) do you need to improve in?
3. How do you plan to improve in this/these area(s)?
4. Did you do your best work this year? Why or why not? How do you think your performance this
past school year will impact your high school performance and college application process?
5. What are 3 goals you have for this upcoming school year?
6. Lastly familiarize yourself with the UHHS Road Map. You will be held responsible for each item
on the road map under year 2.
Task 2
Go to College Board website at www.collegeboard.org and create an account using your Hawk Account.
When finished, print the requirements for 10th grade, find out when you are taking the PSAT and view the
sample exams online.
Task 3
Directions: Closely read each of the four texts provided and write a source-based argument on the topic
below. You must hand-write your response on looseleaf.
Topic: Should 3D printers be used to print human living tissues and organs, in the process commonly
referred to as bioprinting?
Your Task: Carefully read each of the four texts provided. Then, using evidence from at least three of
the texts, write a well-developed argument regarding whether human tissue and organs should be
synthesized using 3D printers. Clearly establish your claim, distinguish your claim from alternate or
opposing claims, and use specific, relevant, and sufficient evidence from at least three of the texts to
develop your argument. Be sure to touch on the bioethical issues that arise in the debate over
bioprinting. Do not simply summarize each text.
Guidelines:
Be sure to:
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●
●
●
●
●
●
●

Establish your claim regarding whether extinct species should be brought back into
existence
Distinguish your claim from alternate or opposing claims (present not only your argument,
but opposing arguments in order to demonstrate differing views on the issue)
Use specific, relevant, and sufficient evidence from at least three of the texts to develop
your argument
Organize your ideas in a cohesive and coherent manner
Maintain a formal style of writing (MLA)
Follow the conventions of standard written English
You will be assessed using the Common Core ELA Regents Argument Rubric (you may
view this on the final page of this packet)

Texts:
Text 1 - “How 3-D Printing Works” by Bob Tita
Text 2 - “How exactly does 3-D printing work?” by John Hembrey
Text 3 - “The body shop at a laboratory in North Carolina, scientists are working furiously to create a future in which replacement
human organs are grown on demand” by Matthew Shaer
Text 4 - “Hand of a Superhero” by Jacqueline Mroz

*This will be an important diagnostic assessment, and will be factored into your first marking period grade
for your tenth grade ELA course.

TEXT 1

How 3-D Printing Works
The process turns conventional manufacturing on its head, producing objects from the bottom
up
Updated June 10, 2013 1:23 p.m. ET
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People have traditionally made things—from doorknobs to scalpels to engine cylinders—in one
of two ways. They start with a solid block or sheet of metal, wood or other material and cut,
stamp, drill or shave it to create a desired shape. Or they use a mold made of metal or sand,
pour liquefied plastic or metal into it and let it cool to create a metal casting or molded plastic
part.
Now for something completely different.
Three-dimensional printing and other forms of what is known as additive manufacturing use
neither machining nor molds. They build an object from the bottom up by piling razor-thin layers
of material on top of each other until a three-dimensional shape emerges. The computer-guided
technologies enables individuals to create objects, particularly prototypes, without a shop full of
metal presses, cutting lathes or plastic injection molds.
There are a variety of processes for 3-D printing. Some of the most widely used rely on a printer
that makes objects from powdered material. A 3-D printer bears little resemblance to a
document printer in an office. It has two major parts: a "build box" that contains a smooth, thin
bed of finely ground material such as pulverized stainless steel or powdered plastic; and a
printing head. Depending on the type of printer, the head contains either a heat source, such as
a laser or an electron beam, that melts the powdered material or jets that spray binder over the
powder in a precise pattern. The binder functions as a glue for the material as an object is built.
The world-wide market for 3-D printing, which includes materials, machines and service, totaled
$2.2 billion last year, up 29% from 2011, according to industry estimates. But the process has
some limitations. For high-volume jobs, 3-D printing can't yet match the speed and efficiency of
traditional fabrication methods and machinery. Not all materials are suitable for powder-based
additive manufacturing, and not all objects, particularly those made of metal, are able to stand
up to high-stress use. For manufacturers of 3-D equipment, the future of their nascent industry
depends on broadening the appeal of their equipment by expanding its uses and versatility.
The accompanying graphic shows how some common forms of 3-D printing work.
—Bob Tita
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TEXT 2

How exactly does 3D printing work?
Used to make everything from figurines to violins, 3D printing is exciting but
little-understood
By Jon Hembrey , CBC News Posted: Jan 28, 2013 5:39 AM
ET Last Updated: Jan 28, 2013 11:22 AM ET

The process of 3D printing, which is what created this
likeness of the Star Wars character Yoda, has gained in
popularity in recent years. There are several types of 3D
printers, but all involve the same basic approach for “printing”
an object: transferring a substance in multiple layers onto a
building surface, beginning with the bottom layer. (Thomas
Peter/Reuters)
●
A Dutch architect recently announced plans to construct a house using 3D printing, a technology that has been
around for decades but has only entered the public consciousness in the last few years. Janjapp Ruijssenaars, who
works with the Amsterdam-based architecture studio Universe Architecture, recently announced his plans for
Landscape House, a looping infinity building that he expects will be completed in 2014, according to the Guardian.
Expected to cost between $5 million and $7 million, the building will be made from 3D-printed pieces. Frequently
portrayed as a seemingly magical process, 3D printing — also called additive manufacturing — involves creating a
solid object by layering thin slices of material including plastic, metal and ceramic.
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Dutch architect Janjapp Ruijssenaars has proposed building a house using 3D printed materials. To do so, he plans
to use a large machine that deposits sand and a binding agent in layers roughly five to 10 millimetres thick to create
six-by-nine-metre sections of a stone-like material. (Universe Architecture) "It’s been in use for industrial contexts for
at least 20 years," says Matt Ratto, assistant professor at the University of Toronto and director of the information
faculty’s Critical Making Lab.
However, 3D printing has caught the public eye over the last few years as the technology has become more refined,
not to mention cheaper.
Some of the proposed uses have drawn widespread attention in the media, from the ability to manufacture gun parts
at home to the creation of edible entrees from pureed foods. Anyone hoping for a Star Trek-type "replicator" able to
generate myriad objects of varying complexity will likely be disappointed, as the technology is typically used to test
the fit and functionality of prototype models or pieces in manufacturing and design projects.
The emerging technology of 3D printing, also known as
additive manufacturing, can use materials ranging from
plastic to resin to metallic alloys. (Duk Han Lee/CBC)

How it works
There are several types of 3D printers. They may use
different materials, but all involve the same basic approach
for "printing" an object: spraying or otherwise transferring a
substance in multiple layers onto a building surface,
beginning with the bottom layer.
Before the printing can occur, a person must first create a
3D image of the item they want printed using a
computer-assisted design (CAD) software program. That
object is then sliced into hundreds or thousands of
horizontal layers, which are placed one on top of the other
until the completed object emerges.
One type, called selective laser sintering, involves heating
and solidifying granular material with a laser in a specific
pattern for each slice before repeating over and over again
with new layers; this technique could be used in creating
figurines, for example. Another uses UV light to cure layers
of resin. Others deposit material much like an automated
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glue gun. Ruijssenaars, the Dutch architect who intends to 3D print a house, plans to use a large machine that
deposits sand and a binding agent in layers roughly five to 10 millimetres thick to create six-by-nine-metre sections
of a stone-like material. Those blocks will then be used to construct the home. Ratto said the theory behind building
a house out of 3D-printed blocks is sound, although it has never been attempted on such a scale. The machine that
Ruijssenaars would use is essentially a larger version of the printers already being used. "I don’t think it’s a hard
thing to do. The hard thing is to build a machine that would be cost-effective and reliable," Ratto said. The
technology could also be used in the future to create customized concrete blocks, a research area that is currently
being explored in the U.K., Ratto said.

‘From industry to consumer curiosity’
Most of the 3D printers available, however, are smaller and not meant to build houses.
Reuben Menezes, marketing manager at 3D Printers Canada, says his company sells a variety of machines with
differently sized building areas. The smallest measures 13 x 13 centimetres with a height of 13 centimetres, while
the largest is 90 x 60 centimetres and 90 centimetres in height.
Although entry-level hobbyist machines can be found in the $1,000 range, the company's heavy-duty 3D printers
range in price from $9,000 to upwards of $600,000.
Menezes says 3D Printing Canada sells primarily to academic institutions and companies with research and
development arms for the purpose of testing prototype
parts.
The Toronto-based firm 3D Prototype Designs created this
3D-printed car vent for airflow analysis prior to
manufacturing. (3D Prototype Designs)
There are smaller and cheaper models available for eager
hobbyists, some for less than $1,000, which are often used
to design toys or gadgets. Annette Kalbhenn, sales and
marketing manager at 3D Prototype Designs in Toronto,
says her company has been using 3D printing for rapid
prototyping – creating short runs of test pieces for
manufacturing processes – for about 15 years.
"I think the biggest trend that I’ve noticed is that there is more public awareness," she said. "It’s kind of flipping from
industry to consumer curiosity."
Despite its growing popularity, Kalbhenn says some people have misconceptions about 3D printing.
"That anyone can do it and that it’s easy and it’s inexpensive and instead of going to the Volvo parts replacement
you can just make it yourself for two dollars," Kalbhenn said, citing some of the misconceptions. Some people are
unaware, Kalbhenn said, that you can’t really print anything without the CAD file containing a plethora of data about
the object’s dimensions.

Technology has its limitations
While there are websites offering a variety of downloadable designs, Ratto says most of the people using the CAD
software are trained professionals, not the average hobbyist. That creates major obstacles for a layperson wanting,
for example, to 3D print a small piece of a closet door that is likely available at a reasonable cost in a traditional
store, Ratto says.
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Another limitation is that the printers create an object out of only one material when most consumer goods are made
of many. Ratto said researchers are looking at ways to solve that by creating devices that print a number of different
materials. For instance, a machine could combine plastic and conductive material to create electronics, including
cellphones. Some business observers are pinning high hopes on 3D printing, believing that the technology could
return a level of small-scale, custom manufacturing back to North America, Ratto said. "I think that’s one of the
claims and I don’t think it’s impossible," he says "I think it’s an interesting possibility and one that is potentially
feasible."
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TEXT 3
Title: “The body shop at a laboratory in North Carolina, scientists are working furiously to create a future
in which replacement human organs are grown on demand”
Author: Matthew Shaer
Citation/Publication Information: "The body shop at a laboratory in North Carolina, scientists are
working furiously to create a future in which replacement human organs are grown on demand."
Smithsonian May 2015: 34+.Student Resources in Context. Web. 9 June 2015.
Link:
http://ic.galegroup.com/ic/suic/MagazinesDetailsPage/MagazinesDetailsWindow?failOverType=&query=
&prodId=SUIC&windowstate=normal&contentModules=&display-query=&mode=view&displayGroupNa
me=Magazines&limiter=&currPage=&disableHighlighting=false&displayGroups=&sortBy=&search_withi
n_results=&p=SUIC&action=e&catId=&activityType=&scanId=&documentId=GALE%7CA413785343&s
ource=Bookmark&u=nysl_me_univhhs&jsid=5fa8872a1e8302f49d2da2cef9816f39

The body shop at a laboratory in North Carolina, scientists
are working furiously to create a future in which replacement
human organs are grown on demand
Smithsonian, May 2015
by Matthew Shaer
On the second floor of the Wake Forest Institute for Regenerative Medicine, not far from the elevator
bank, is a collection of faded prints depicting great moments in medical history. In one, an ancient
Babylonian pharmacist holds aloft a vial of medicine. Another shows the Greek physician Hippocrates
tending to a patient in the fifth century B.C. The prints were doled out to doctors half a century ago by the
pharmaceutical company Parke-Davis, which touted them as a historical highlight reel. But it's not hard to
read their presence at Wake Forest, home to perhaps the largest concentration of medical futurists on the
planet, as the ultimate in-joke: Can you believe how far we've come?
When I visited the institute, in the old North Carolina tobacco town of Winston-Salem, I passed airy
laboratories where white-coated staffers glided back and forth across a tiled floor. On one table, arranged
as if for an art exhibit, lay spidery casts of kidney veins, rendered in hues of violet and indigo and cotton
candy. Down the hall a machine zapped sporadic electric currents through two sets of muscle tendons,
one cut from a rat, the other engineered from biomaterials and cells.
A researcher named Young-Joon Seol met me at the door to a room marked "Bioprinting." Young-Joon,
tousled-haired and wearing plastic-framed eyeglasses, grew up in South Korea and trained in mechanical
engineering at a university in Pohang. At Wake Forest, he is part of a group that works with the lab's
custom-built bioprinters, powerful machines that operate in much the same way as standard 3-D printers:
An object is scanned or designed using modeling software. That data is then sent to the printer, which
uses syringes to lay down successive coats of matter until a three-dimensional object emerges.
Traditional 3-D printers tend to work in plastics or wax. "What's different here," Young-Joon said, nudging
his eyeglasses up his nose, "is that we have the capability to print something that's alive."
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He gestured at the machine to his right. It bore a passing resemblance to one of those claw games you
find at highway rest stops. The frame was heavy metal, the walls transparent. Inside were six syringes
arranged in a row. One held a biocompatible plastic that, when printed, would form the interlocking
structure of a scaffold--the skeleton, essentially--of a printed human organ or body part. The others could
be filled with a gel containing human cells or proteins to promote their growth.
As the scaffold is being printed, cells from an intended patient are printed onto, and into, the scaffold; the
structure is placed in an incubator; the cells multiply; and in principle the object is implanted onto, or into,
the patient. In time, the object becomes as much a part of the patient's body as the organs he was born
with. "That's the hope, anyway," Young-Joon said.
Young-Joon had programmed one of the printers to begin the process of creating the scaffold for a
human ear, and the room filled with a comforting electronic thrum broken only by the occasional gasp
from the printer--the release of the compressed air that kept it working. Peering through the glass case, I
could see the scaffold coming into being by degrees--small, delicate, extremely earlike. Because the
process would take hours to complete, Young-Joon handed me a finished version to handle. It was light; it
rested on my palm like a butterfly.
The external structure of the ear is one of the first structures that the institute at Wake Forest (and other
research centers) have tried to master, as a stepping stone toward more complicated ones. Wake Forest
staffers have implanted bioprinted skin, ears, bone, and muscle on laboratory animals, where they grew
successfully into the surrounding tissue.
To evangelists of bioprinting, who are increasing--the number of 3-D printers shipped to medical facilities
is expected to double in the next five years--the trials are a harbinger of a world that is only now coming
into focus: a world where patients order up replacement parts for their body the same way they used to
order a replacement carburetor for their Chevy.
"Think about it like the Dell model," said Anthony Atala, a pediatric urologist and the institute's director,
referring to the computer company's famous "direct" relationship model between consumer and
manufacturer. We were sitting in Atala's office on the fourth floor of the research center. "You'd have
companies that exist to process cells, create constructs, tissue. Your surgeon might take a CT scan and a
tissue sample and ship it to that company," he said. A week or so later, an organ would arrive in a sterile
container via FedEx, ready for implantation. Presto, change-o: A new piece of me--of you--made to order.
"What's interesting is that there are no real surgical challenges," Atala said. "There are only the
technological hurdles that you've got to overcome to make sure the engineered tissue functions correctly
in the first place."
We're getting close, with "simple" organs like skin, the external ear, the tube-like trachea. At the same
time, Atala can't help but look to what might come next. At his most sanguine, he likes to envision a vast
bioprinting industry capable of cranking out big and complex organs without which the body would fail, like
the liver or the kidney. An industry that could make traditional transplants--with their long, often fatal wait
times and the ever-present risk of organ rejection--completely obsolete.
It would be a full-on medical revolution. It would change everything. And if he's right, Wake Forest, with its
purring bioprinters and fleshy ears and multicolored veins and arteries could be where it all starts.
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The idea that a broken piece of ourselves might be replaced with a healthy piece, or a piece from
somebody else, stretches back centuries. Cosmas and Damian, patron saints of surgeons, were alleged
to have attached the leg of a recently deceased Ethiopian Moor onto a white Roman in the third century
A.D., a subject depicted by numerous Renaissance artists. By the 20th century, medicine had at last
begun to catch up with the imagination. In 1905 the ophthalmologist Eduard Zirm successfully cut a
cornea from an injured 11-year-old boy and emigrated it into the body of a 45-year-old Czech farm laborer
whose eyes had been damaged while he was slaking lime. A decade later, Sir Harold Gillies, sometimes
called a founding father of plastic surgery, performed skin grafts on British soldiers during World War I.
But the first successful transplant of a major organ--an organ vital to human function--didn't happen until
1954, when Ronald Herrick, a 23-year old from Massachusetts, donated one of his healthy kidneys to his
twin brother, Richard, who was suffering from chronic nephritis. Because the identical Herrick twins
shared the same DNA, Joseph Murray, a surgeon at Peter Bent Brigham Hospital (today known as
Brigham and Women's), was convinced he'd found an end-run around the problem of organ rejection.
In his autobiography, Surgery of the Soul, Murray recalled the moment of triumph. "There was a collective
hush in the operating room as we gently removed the clamps from the vessels newly attached to the
donor kidney. As blood flow was restored, Richard's new kidney began to become engorged and turn
pink," he wrote. "There were grins all around." With the Herricks, Murray had proved an essential point
about our biological myopia, an insight that drives so much of today's cutting-edge bioengineering: There
is no substitute for using a patient's own genetic material.
As surgical science improved along with the immunosuppressive treatments that allowed patients to
accept foreign organs, what once seemed all but out-of-reach became reality. The first successful
pancreas transplant was performed in 1966, the first heart and liver transplants in 1967. By 1984,
Congress had passed the National Organ Transplant Act, which created a national registry for organ
matching and sought to ensure that donor organs were being fairly distributed. In hospitals across the
country, doctors broke the news as gently as they could--The supply simply is not meeting the demand,
you'll have to hang on--and in many cases they watched as patients died waiting for their names to tick to
the top of the list. This basic problem has not gone away. According to the U.S. Department of Health &
Human Services, 21 people die each day in this country alone waiting for an organ. "For me, the demand
wasn't an abstract thing," Atala told me recently. "It was very real, it was heartbreaking, and it drove me. It
drove all of us to find new fixes."
Atala, who is 57, is thin and slightly stoop-shouldered, with a shock of brown hair and an easy
affability--he encourages everyone to call him Tony. Born in Peru and raised in Florida, Atala earned his
M.D. and specialized training in urology at the University of Louisville. In 1990, he received a two-year
fellowship with the Harvard Medical School. (Today, at Wake Forest, he still blocks off at least one day a
week to see patients.) At Harvard he joined a new wave of young scientists who believed one solution to
the organ donor shortage might be the creation, in a laboratory, of replacement parts.
Among their first big projects was to try to grow a human bladder--a relatively big organ, but a hollow one,
fairly simple in its function. He used a suturing needle to stitch together a biodegradable scaffold by hand.
Later, he took urothelial cells from the bladder and urinary tract of a potential patient and multiplied them
in the lab, then he applied the cells to the structure. "It was like baking a layer cake," Atala told me. "We
did it one layer at a time. And once we had all the cells seeded, we then put them back into an incubator,
and we let it cook." Within a few weeks, what emerged was a little white orb, not so dissimilar-looking
from the real thing.

UniversityHeightsHighSchool.org

Between 1999 and 2001, after a series of tests on dogs, custom-grown bladders were transplanted into
seven young patients suffering from spina bifida, a debilitating disorder that was causing their bladders to
fail. In 2006, in a much-heralded paper in the Lancet, Atala announced that, seven years on, the
bioengineered bladders were working remarkably well. It was the first time lab-grown organs had been
successfully transplanted in humans. "This is one small step in our ability to go forward in replacing
damaged tissues and organs," Atala said in a press release at the time, echoing the words of Neil
Armstrong. It was a representative example of one of Atala's primary gifts. As David Scadden, the director
of the Center for Regenerative Medicine at Massachusetts General Hospital and the co-director of the
Harvard Stem Cell Institute, told me, Atala has "always been a visionary. He's always been quite bold,
and quite effective in his ability to draw attention to the science."
Bladders were an important milestone, but they didn't rank particularly high in terms of patient demand.
Moreover, the multi-stage approval process required by the U.S. Food and Drug Administration for such
procedures
can take time. Today the bladders Atala engineered haven't yet received approval for widespread use.
"When you're thinking about regenerative medicine, you've got to be thinking not just about what's
possible, but what is needed," Atala told me. "You've got to think, 'I only have this much time, so what's
going to make the greatest possible impact on the most lives?'"
For Atala, the answer was simple. About eight out of ten patients on a transplant list needs a kidney.
According to a recent estimate, they wait an average of four and a half years for a donor, often in serious
pain. If Atala really wanted to solve the organ shortage crisis, there was no way around it: He'd have to
deal with the kidney.
From its origins in the early 1980s, when it was viewed largely as an industrial tool for building prototypes,
3-D printing has grown into a multibillion-dollar industry, with an ever-widening range of potential
applications, from designer shoes to dental crowns to homemade plastic guns. (Today, you can walk into
an electronics store and purchase a portable 3-D printer for less than $500.) The first medical researcher
to make the leap to living matter was Thomas Boland who, while a professor of bioengineering at
Clemson University, in South Carolina, in 2003 filed for a patent on a customized inkjet printer capable of
printing human cells in a gel mixture. Soon, researchers like Atala were tinkering with their own versions
of the machine.
For Atala, the promise of bioprinting had everything to do with scale. Though he'd successfully grown an
organ in a lab and transplanted it into a human, the process was incredibly time-intensive, precision was
lacking, reproducibility was low, and the possibility of human error omnipresent.
At Wake Forest, where Atala became the institute's founding director in 2004, he began experimenting
with printing skin, bone, muscle, cartilage and, not least, kidney structures. Within a few years he was
confident enough in his progress to show it off. In 2011, Atala gave a TED Talk on the future of
bioengineered organs that has since been viewed more than two million times. Wearing pleated khakis
and a courtly striped button-down shirt, he spoke of the "major health crisis" presented by the organ
shortage, partly a result of our longer lifespans. He described the medical challenges that innovation and
dogged lab work had summarily conquered: devising the best biomaterials for use in scaffolds, learning
how to grow organ-specific cells outside the human body and keep them alive. (Some cells, he explained,
like those of the pancreas and the liver, remained stubbornly difficult to grow.) And he spoke about
bioprinting, showing a video of a few of his printers at work in the lab and then revealing a printer behind
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him on the stage, busy building a pinkish spherical object. Toward the end of his talk, one of his
colleagues emerged with a large beaker filled with a pink liquid.
While the crowd sat in silence, Atala reached into the beaker and pulled out what appeared to be a slimy,
oversized bean. In a masterly display of showmanship, he held the object forward in his cupped hands.
"You can actually see the kidney as it was printed earlier today," he said. The crowd broke into
spontaneous applause. The next day, the wire news organization Agence France-Presse gushed in a
widely disseminated article that Atala had printed a "real kidney" on a machine that "eliminates the need
for donors when it comes to organ transplants."
The future was coming.
And then it wasn't.
In fact, what Atala had held on stage wasn't a working human kidney. It was inert, an extremely detailed
model, a taste of what he hoped and thought bioprinting would one day bring. If you watched the
presentation carefully, you could see that Atala never promised that what he held was a working organ.
Still, critics pounced on what they viewed as a high-grade exercise in special effects.
Last year, Jennifer Lewis, a materials scientist at Harvard and a leading researcher in bioprinting (her
specialty is engineering vascularized tissues) seemed to criticize Atala in an interview with the New
Yorker. "I thought it was misleading," she said, referring to the TED Talk. "We don't want to give people
false expectations, and it gives the field a bad name."
In the aftermath of the TED Talk, Wake Forest issued a press release stressing that it would be a long
time before a bioprinted kidney could come to market. When I asked Atala whether he'd learned anything
from the controversy, he declined to comment on it directly, pointing instead to why he dislikes putting a
time stamp on any particular project. "We do not want to give patients false hope," he told me.
The dust-up was neatly illustrative of one of the central challenges faced by researchers throughout the
field of regenerative medicine: You want to stoke enthusiasm about what's possible, because enthusiasm
can translate to press, funding and resources. You want to inspire the people around you and the next
generation of scientists. But you don't want to misrepresent what's realistically within reach.
And when it comes to big, complicated organs, the field still has a way to go. Sit down with a pencil and a
piece of paper and you could hardly dream up something more architecturally or functionally complex
than the human kidney. The interior of the fist-size organ is made up of solid tissues traversed by an
intricate highway system of blood vessels, which measure as little as 0.010 millimeters in diameter, and
approximately a million tiny filters known as nephrons, which send healthful fluids back into the
bloodstream and waste down to the bladder in the form of urine. To bioprint a kidney, you'd have to be
able to cultivate and introduce not only functioning kidney cells and nephrons, you'd also need to have
mastered how to populate the organ with a vasculature to keep the organ fed with the blood and nutrients
it needs. And you'd have to build it all from the inside out.
Which is why many researchers are exploring options that don't include printing those structures from
scratch but instead try to use those already designed by nature. At the Texas Heart Institute, in Houston,
Doris Taylor, the director of the institute's regenerative medicine research program, is experimenting with
decellularized pig hearts--organs that have been stripped of muscle and all other living tissue cells in a
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chemical bath, leaving only the underlying collagen matrix. A decellularized organ is pale and ghostly--it
resembles a glow stick drained of the solution that once made it glow. But crucially, the process leaves
the interior architecture of the organ intact, vasculature and all.
Taylor hopes one day to use decellularized pig hearts, repopulated with human cells, for transplant in
human patients. So far, her team has injected the hearts with live bovine cells and inserted them into
cows, where they successfully beat and pumped blood alongside the cows' original, healthy heart. For
Taylor, this approach skirts the challenges of finding ways to print at the incredibly fine resolution that
vascular networks require. "The tech is going to have to improve a great deal before we're able to bioprint
a kidney or a heart, and get blood to it, and keep it alive," Taylor says.
Researchers at Wake Forest are also experimenting with decellularized organs from both animal and
human cadavers. Indeed, although Atala sees the replacement kidney as his Holy Grail, he doesn't
pretend that building one will be anything but an incremental process, undertaken from a variety of
angles. So while researchers at the institute and elsewhere work to refine printing the organ's external
structure and internal architecture, they're also experimenting with different ways to print and grow blood
vessels. At the same time, they're honing techniques to cultivate the living kidney cells necessary to make
it all work, including a new project to propagate kidney cells taken from a biopsy of a patient's healthy
tissue.
When we talked, Atala emphasized that his goal is to get a functioning, engineered large organ into a
human being who desperately needs it, whether that organ was bioprinted or not. "Whatever technology it
takes to get there," he said.
And yet he was quick to point out that the way you get there isn't unimportant: Ultimately, you want to lay
the foundation for an industry that will ensure that no one--whether in the coming decades or in the 22nd
century, depending on your level of optimism--will ever want for a life-saving organ again. To do that, you
can't go at it by hand.
"You'll need a device that's able to create the same type of organ time and time again," Atala told me.
"Just like it was machine-made."
One afternoon, I stopped by the desk of John Jackson, an associate professor at the institute. Jackson,
63, is an experimental hematologist by trade. He came to Wake Forest four years ago, and likened the
move to the institute, with all its next-generation tech, as "going back to school all over again."
Jackson oversees the development of a skin-cell printer, which is designed to print a range of living skin
cells directly onto a patient. "Say you have an injury to your skin," Jackson suggested. "You'd scan that
wound to get the exact size and shape of the defect, and you'd get a 3-D image of the defect. You could
then print the cells"--which are grown in a hydrogel--"in the exact shape you need to fit the wound." Right
now, the printer can lay down tissues at the top two layers of skin, deep enough to treat--and to
heal--most burn wounds. Down the line, the lab hopes to print deeper beneath the skin's surface and to
print more complicated layers of skin, including adipose tissue and deep-rooted hair follicles.
Jackson estimated clinical trials could start in the next five years, pending FDA approval. In the meantime,
his team had been busy testing the skin printer on pigs. He unscrolled a large poster, which was divided
into panels. In the first was a detailed photograph of a square wound, about four inches on one side, that
technicians had cut on a pig's back. (The pigs had been put under general anesthesia.) That same day,
the researchers had printed cells directly onto the wound, a process that took about 30 minutes. In the
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post-printing photographs, you could make out a discrepancy in color and texture: The area was grayer
and duller than natural pig flesh. But there was little puckering, no raised or ridged scar tissue, and, in
time, the gel more or less completely melded into the surrounding skin.
The skin-cell printer is one of several active projects at the institute that receives funding from the U.S.
Department of Defense, including tissue regeneration initiatives for facial and genital injuries, both of
which have been endemic among American soldiers injured in recent wars. Last year, researchers led by
Atala announced the successful implantation of vaginas engineered using the patients' own cells in four
teenagers suffering from a rare reproductive disorder called Mayer-Rokitansky-Kuster-Hauser syndrome.
Wake Forest is also testing lab-grown and decellularized cadaver penises and anal sphincters on
animals, with the hope of starting human trials in the next five years.
The Peripheral, the new novel by the futurist William Gibson, who coined the term "cyberspace" and
foresaw most of the digital revolution, takes place at a time when humans are able to "fab"--essentially
3-D print--anything they need: drugs, computers, clothing. They are constrained only by their imagination.
And yet hunched over Jackson's poster, I found myself thinking that even Gibson hadn't predicted this:
living flesh, on demand.
I walked over to Atala's office. Sunlight splashed across the floor and a tall set of bookshelves, which
displayed photos of Atala's two young sons and several copies of his textbook, Principles of Regenerative
Medicine.
He'd been in the operating room all morning (he's also the medical school's chairman of urology) and did
not expect to head back home until late in the evening, but he was cheery and burbling over with energy. I
asked him if he ever considered giving up his practice and focusing solely on research.
He shook his head. "At the end of the day, I went into medicine to take care of patients," he said. "I love
having that relationship with families and patients. But equally important, it keeps me in touch with what
the need is. Because if I see that need firsthand, if I can put faces to the problem--well, I know I'll keep
working on it, keep trying to figure out."
Get a closer look at the creations in Atala's laboratory at Smithsonian.com/organs
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Hand of a Superhero
3-D Printing Prosthetic Hands That Are Anything but Ordinary
By JACQUELINE MROZ
FEB. 16, 2015

Ethan Brown, 8, of Opelika,
Ala., was born with two
fingers missing on his left
hand. Now he wears a Cyborg
Beast in black and red, his
school colors.
UniversityHeightsHighSchool.org

Dawson Riverman’s parents tried to help him make the best of it.
Born without fingers on his left hand, Dawson struggled to perform even the simplest tasks, like
tying his shoes or holding a ball. “God made you special in this way,” his parents told him. But
by age 5, Dawson was demanding tearfully to know why.
The Rivermans, of Forest Grove, Ore., could not afford a high-tech prosthetic hand for their
son, and in any event they are rarely made for children. Then help arrived in the guise of a
stranger with a three-dimensional printer.
He made a prosthetic hand for Dawson, in cobalt blue and black, and it did not cost his family a
thing. Now the 13-year-old can ride a bike and hold a baseball bat. He hopes to play goalkeeper
on his soccer team.
“He’s realizing he can do things with two hands and not have to try to figure out how do them,”
said his mother, Dawn Riverman.
The proliferation of 3-D printers has had an unexpected benefit: The devices, it turns out, are
perfect for creating cheap prosthetics. Surprising numbers of children need them: One in 1,000
infants is born with missing fingers, and others lose fingers and hands to injury. Each year,
about 450 children receive amputations as a result of lawn mower accidents, according to a
study in Pedatrics.

Ethan Brown, right, with a friend.
Ethan’s mother says he was once
teased, but now other children
want a prosthetic hand like his.

State-of-the-art prosthetic
replacements are complicated
medical devices, powered by
batteries and electronic motors, and
they can cost thousands of dollars.
Even if children are able to manage
the equipment, they grow too quickly to make the investment practical. So most do without,
fighting to do with one hand what most of us do with two.
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E-nable, an online volunteer organization, aims to change that. Founded in 2013 by Jon Schull,
the group matches children like Dawson in need of prosthetic hands and fingers with
volunteers able to make them on 3-D printers. Designs may be downloaded into the machines
at no charge, and members who create new models share their software plans freely with
others.
The materials for a 3-D-printed prosthetic hand can cost as little as $20 to $50, and some
experts say they work just as well, if not better, than much costlier devices. Best of all, boys and
girls usually love their D.I.Y. prosthetics.

The 3-D-printer-generated hands, like a design from Johns Hopkins, are easy to
assemble.

They are not designed to look like replacement parts. One popular model, the Cyborg Beast,
looks like a limb from a Transformer. The Raptor Hand and Talon Hand 2.X do not suggest
disability; they hint at comic-book superpowers. And they are not made to be hidden — indeed,
they can be fabricated in a variety of eye-catching fluorescent colors, or even made to glow in
the dark.
The fingers are closed by flexing the wrist, which pulls on cable "tendons." Move the wrist
again, and the hand opens. The hands are printed in pieces, which are assembled by volunteers,
or by parents and children themselves.

More than 50 groups, such as Boy Scout and Girl Scout troops and schools like Convent of the
Sacred Heart in Manhattan, have created hands for about 500 children.
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Ben Stephens helped build his printer-generated hand and then strapped it on.

“We have several thousand people on our site who are asking to help make hands,” said Dr.
Schull, a research scientist at the Rochester Institute of Technology. “What could be more
rewarding than using your 3D printer to make a hand for someone?”
An online tool on the E-nable website, the “Handomatic,” is used to fit the prosthesis to the
child. A parent enters a series of measurements, and the tool spits out a custom design for the
child that can be downloaded into the printer.
Each hand takes about 20 hours to print and another two or three hours to assemble. (Designs
also can be downloaded from Thingiverse, a website run by MakerBot, a manufacturer of 3-D
printers.) Assembly tutorials are available on YouTube.
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Shea Stollenwerk showed how the fingers are closed (and also opened) by flexing the wrist.

It is not much harder than putting together a complex Lego kit, said Ivan Owen, one of the
inventors of the 3-D printed hands, who made Dawson’s hand. “We released the designs into
the public domain so there’d be no patent and everyone could do whatever they wanted with it,”
he said. “So many people contributed their time to improve on the initial design. I feel blessed.”

A former school supplies salesman and special effects artist, Mr. Owen in December 2011
shared a video on YouTube of a giant puppet hand that he had made. That video was seen by
Richard Van As, a carpenter in South Africa who had cut off some of his fingers with a table
saw.

Prosthetic hands allow Ethan to ride a bike.

He asked Mr. Owen to help devise a prosthesis, and
over two years, the pair came up with a workable design. A 3-D printer, they figured, would
make the prosthesis cheap and easy to produce.
When Mr. Van As learned of a boy in South Africa who also needed a prosthetic hand, they
made one for him, too. The idea caught on.
“Sometimes at the right moment, there’s momentum built up in an area,” said Mr. Owen, who
now runs a 3-D printing lab at the University of Washington in Seattle. “We removed the
pebble under the boulder.”

Dawson Riverman, who was born
without fingers on his left hand, hopes to
be a goalkeeper on his soccer team.
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These days, some leading experts in 3-D design are now collaborating with E-nable on
improved prostheses for children. The hands are lightweight, less than a pound, but the fingers
move together, not separately.
And they do not work for every child: Those with midarm amputations, for instance, usually
must been seen by a professional prosthetist.
More often, though, the children are like Ethan Brown, 8, who was born with two fingers
missing on his left hand. Now he wears a Cyborg Beast in black and red, his school colors.
“It looks even cooler than the picture, ” he said. “It looks like Ironman or Spider-Man.”
He was once teased for his disability, said his mother, Melina Brown, of Opelika, Ala., who now
volunteers for E-nable. “Now he’s different in a cool way, and the other kids say they want a
new hand, too.”
Health care providers are beginning to take note. In September, Johns Hopkins Hospital in
Maryland and E-nable hosted their first 3-D printing conference involving the medical
community, volunteers, recipients and manufacturers. The hospital has purchased a 3-D
printer and has begun printing free prosthetic devices for children.
“Anyone can get one of these hands — it doesn’t matter what insurance or health provider you
have,” said Dr. Albert Chi, an assistant professor of surgery at Johns Hopkins Medicine. “To be
able to provide such a functional tool for anyone with congenital hand or limb loss, it kind of
brings you to tears a little bit.”
Correction: February 23, 2015
An article on Tuesday about 3-D printer prosthetic hands referred incorrectly to the number
of children who receive amputations as a result of lawn mower accidents each year in the
United States. While approximately 9,000 children suffer injuries from lawn mowers
annually, only a fraction of those — not all — result in amputations.
A version of this article appears in print on February 17, 2015, on page D1 of the New York
edition with the headline: Hand of a Superhero.
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