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SPECIAL FOCUS: MAKING MEDICAL PARTS

Demographics tell the story. its estimated that nearly 10 percent of
the world’s population will be over 65 by the year 2010, up from less than 7
percent in 2000. And when those baby boomers reach their golden years,
they’ll be looking for new vacation homes, new hobbies—and new body parts.

As old joints wear out and break down, demand for artificial replacements will surge. Industry
sources say the market for reconstructive implants is growing at a rate of about 7 percent a year.
An estimated 600,000 hips and an equal number of knees were replaced worldwide in 2000,
representing about $4 billion.

In light of this expanding and increasingly important manufacturing segment, we present three
articles about producing medical parts. This first one profiles a manufacturer of implants. The
second (“*‘Smooth Operators™) discusses available options for deburring medical components.
And the third (*“‘Managed Fluid Care’’) examines the critical task of tracking metalcutting fluids
used to machine implants and medical instruments.

Prescription for
PerfectK)n oo sorron

L achining is machining,” stated
Don Wagner, president and
owner of Cycam Inc., acontract

CNC machine shop that produces medical

components. His smile, however, suggested

that he knows that’s not always the case.

After some prodding, he conceded that the
“products we make are more difficult than
many machined components because of thean-
gles, radii and tolerances involved, as well as
the workpiece materials we machine.”

Cycam, Houston, Pa., manufactures compo-
nents for replacement hips, shoulders and
knees, as well as a variety of other orthopedic
devices. The work is highly specialized—as

Cycam uses carbide tools to produce its medical
parts, whether they’re made of metal or plastic.
Here, an endmill machines a hip implant.
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Cycam’s Larry Jedlicka said that a lot of people assume
they can run plastic parts faster than metal ones. That’s
not always the case, though, because plastics “move” as
they are machined. The movement prevents profile cut-
ting at high speeds.

are the end products.

Consider implants. They replace
some of the body’s most intricate parts.
A typical hip implant consists of a
stem, ball and cup that replace dl, or
parts, of the femur, femoral head and
the acetabular socket in the pelvis. The
stems and cups are made of tough al-
loys, such as titanium, stainless steel,
aluminum and cobalt-chrome. Bearing
surfaces are manufactured from ultra-
high-molecular-weight polyethylene.

Cycam a so producestheinstruments
surgeons use in the operating room to
confirm fit and function before im-
planting the actual replacement joint.
Instruments can be made of stainless
steel, titanium or any of a variety of
plastics.

Notably, Cycam is one of only afew
companies in its field that machines
both metal and plastic components.

Tolerances are held to “tenths,” or
better. And, Wagner said, the com-
pany’s new machinetools spindlesand
reproducibilities are held to millionths.
“But we still have to deal with the cut-
ting tools and component interfaces.
Our customers perform final lapping
and grinding of sphericities to 50-mil-
lionths or so.”

Nearly Perfect

Workpiece materials enter Cycam’s
shop asforgings, castings or bar stock.
Someforgings have astandardized con-
figuration that allows them to be used
for a variety of parts, while others are
near-net shape and specific to certain
products.

Cutting parameters
aresimilar tothoseem-
ployed inthe aerospace
industry and are some-
what controlled by the
need to produce defect-
free parts. Speeds and
feeds, for example,
can't be so aggressive
that they create stresses
in a component that
may affect its perform-
ance later.

“We have to have
99.99 percent of our
parts acceptable at the
customer level,” Wag-
ner said. “We consider ultimate produc-
tivity to be the number of pieceswe can
make in a given period of time that are
acceptable to our customers.”

Process Planning

Since its founding in 1988, Cycam
has experimented with and refined its
component-making processes. That
knowledgeresidesin aproprietary data-
base filled with information about the
machining characteristics of, and pa-
rametersfor, the partsit produces.

Cycam takes a methodical ap-
proach to process planning for its
machine operations. Planning be-
gins with a component’s design
and choice of workpiece material.
The next step isto choose the best
tool geometries.

“Whether you use a35°, 55° or
an 80° tool can be determined by
the machine tool’s capabilities,’
explained Wagner. “Some ma-
chines let you index to a position
that might be tangent to the cen-
ter of asphere. But if we'redoing
an dliptically shaped part with a
large back cut onit, we might take
standard cutting toolsand regrind
them so we can get the needed
clearances. We modify the tool
tips and the back relief angles to
accommodate the particular ma-
chining requirements.”

Workpiece materia considera-
tions can dictate lead angles, too.
A tool withtoo severe alead angle
might not be able to cut through a
casting or forging. Cycam bases

tool-related decisions on the raw mate-
rial it recelves and the amount of mate-
rial that must be removed.

“ Sometimes with near-net-shapeforg-
ings and castings you don’t have alot of
material towork with, soyou'regoingin
and out of a cut and some tool geome-
trieswon’t hold up,” Wagner said.

The Pennsylvania shop uses carbide
tools to machine both metals and plas-
tics. However, other considerations, in-
cluding coolant use, dictate that Cycam
operate as two divisions—one for ma-
chining metalsand the other for plastics.
Each division is equipped with its own
machinetools. For reactive metals such
as magnesium, coolant is essential;
other parts must be machined coolant-
free. Having separate divisions lets
Cycam avoid downtime for cleanup be-
tween wet and dry operations.

While machining plastic might seem
easier than working with metal, it poses
its own challenges.

Cycam Manufacturing Engineer Larry
Jedlicka said that a lot of people who
enter thefield figure they can run plas-
tic partsfaster. And, he agreed that plas-
tics can be machined faster than metal

Cycam produces a large number of small-lot
orders that add up to about 20,000 parts
monthly.



parts—" cutting speeds can be in the
thousands’—but the problem is that
plastics “move’ asthey are machined.

“Depending on the type of toal, the
size you're trying to maintain and the
profile you're actually cutting, you
may have to slow way down,” he said.
“For example, you might be using a
1mm endmill to cut a 0.030" radius
with a tolerance of 0.05mm. The tool
may move only a few-thousandths in
the cut.” But that's enough to prevent
cutting a “profile at high speeds and
feeds and maintain that tolerance.”

As a result, many of Cycam'’s part
programs are written so feed rates
change significantly during the course
of aprofile cut.

When machining plastics, sharp cut-
ting tool edges and the resultant low
cutting forces are important to main-
taining good surface finish. The end-
mills and form tools Cycam uses have
proprietary angles that produce afree-
cutting edge, Jedlicka said. He added
that most of the carbide tools used are
uncoated, because coating often re-
quires an edge hone that reduces edge
sharpness.

Lots of Small Lots

Cycam provides the medical indus-
try with two types of service. Oneisto
handle overflow orders for large man-
ufacturers. Asacertified vendor, it acts
as an extension of the manufacturing

An assortment of medical components Cycam man-
ufactures, which include a knee extension and the
cup for a hip implant.

operations of global gi-
ants such as Johnson &
Johnson and Bristol-
Myers Squib.

Initsother role, it pro-
duces prototypes for
testing and clinical trials,
and conducts pilot man-
ufacturing programs.

Overflow and proto-
type work mean short
production runs. Cycam'’s
file of completed prod-
ucts numbers about
4,000, of which 1,000
are considered “active”
Three hundred to 400
jobs are in progress at
any onetime.

Wagner said, “L ook out on the floor.
You won't see large volumes of work,
but there'salarge volume of orders out
there: ordersfor 10, 15 or asmany as50
parts. It all adds up to about 20,000
parts amonth.”

Overflow orders result from short-
term changes in demand, so lead times
are relatively short—2 or 3 weeks.
Lead timesfor anew product or process
are 10 to 12 weeks.

Rush jobs, though, are not out of the
question. In specia situations, such as
atrauma case in which apatient’sjoint
is damaged and he requires a custom
product, Cycam can respond quickly.
Such specias are produced by modify-
ing an existing design. The
customer furnishes a wire-
frame model that it sends to
Cycam electronically along
with a drawing of the part.
The turnaround time for
these partsis daysinstead of
weeks.

Small lot sizes, tight lead
times and expensive, labor-
intensive parts mean Cycam
can't afford to make trial
parts or scrap.

“You have to have manu-
facturing systems in place to
handleit,” Wagner said. “We
have documentation, work in-
structions and proceduresthat
go to the floor with each
product. They tdl theoperators
what to do with each type of

d
In-process inspection of a plastic medical component.

material and each type of product.”

To save even more time, Cycam
maintains tool carts preloaded with all
the tooling and fixturing necessary to
produce a particular component.

Continual Upgrading

To stay competitive, Cycam must
continually invest in technology, in-
cluding software. Schedule and quality
pressures make manufacturing software
acrucia element of its operations.

Cycam invested $150,000 in systems
software in 2001. “We've developed
our own software, we've had people
develop software for us and we've
bought some standard packages,” said
Wagner.

The company also regularly up-
grades its manufacturing equipment. In
thelast 2 years, Cycam hasreplaced 20
of its 30 machine tools. This has al-
lowed the company to reap substantial
productivity rewards.

Asan example, Wagner cited the ca-
pabilities of the company’s newest ma-
chines—6-axis Mazak Integrex lathes
with CNC heads. “Where we used to
have to grind up a bunch of special
toolsto do a complex surface, now we
are able to program the cutting tool to
go around the part so we can do acom-
plex surface with one or two tools”

Acquiring the latest technology also
helps the company stay competitive.

“Some of the products we made in
the 1980s we are able to manufacture
today at the same price, even though
material, labor and shipping costs have



gone up,” said Wagner. This enables
Cycam to charge the same amount asit
did in the late '80s and still make
money.

Close Collaboration

Producing a medical componentisa
joint effort between Cycam and its cus-
tomer. The customer handlestheinitial
product design. This includes deter-
mining the needs of the patients who
will use the implant and engineering
the form, fit and function to ensure it
provides maximum mobility and range
of motion. The customer also chooses
the material that will give the implant
the best functionality and longest pos-
siblelife.

Cycam contributes its manufacturing
expertise and works with the customer
to design the manufacturing processes.
The key is to design and verify a pro-
cess that will provide reproducibility
part after part.

In general, acustomer’s requirements
govern the manufacturing processes
utilized. And once aprocessisverified,
Cycam sticks with it.

“If we want to change what we're
doing, we have to get approval,” said
Wagner. “When we replace a machine
tool, we have to revalidate the pro-
cesses on the new machine and submit
them to our customer as if we were
doing them for the first time”

Likewise, any company that per-
forms contract work for Cycam must
conform to the same requirements
Cycam does. Cycam'’s approved-sup-
plier list consists of two levels. One
covers raw materials and outsourced
processes, such as welding, that di-
rectly affect the products Cycam
makes. The other includes suppliers
whose products indirectly affect prod-
ucts, such as cutting tool and coolant
manufacturers.

Customer requirements also extend
to the facility where the medical de-
vices are manufactured. And the rules
don't stop at thefactory door. Thereare
customer specifications for packaging
and shipping, including the label used
on the box and where purchase-order
numbers and other information are po-
sitioned on it. The reason for the latter
is so that the customer’s receiving de-

Cycam-developed process helps the
body accept implants

he first orthopedic implants, produced in the mid-1970s, were

fixed into patients' bones with acrylic cement. In the early 80s,
trials began on implants with coated textures into which the bone
could grow and create a strong, natural bond. The textures included
spherical beads attached via a thermal sintering process, fiber-metal
products and various surface finishes.

About 11 years ago, the owner and president of Cycam Inc., Don
Wagner, began exploring ways to produce a macro-textured surface
that would be part of the parent implant material. Cycam and Tech-
met, a Glassport, Pa., company, developed a chemical etching process
that has the registered trade name Chemtex.

The process in-
volves application
of a maskant fol-
lowed by chemical
or electrochemical
etching of the un-
masked areas.

Time, tempera-
ture and the num-
ber of repetitions
control the final
characteristics of
the component
surface. The uni-
tary nature of sub-
strate and surface
minimizes prob-
lems that can arise when coatings are applied to a parent material.

The Chemtex process creates a texture without producing stress in
the adjoining material and the etching process produces radiused fea-
tures with no sharp corners, further minimizing possible sources of
stress. It's also slightly less expensive than sintering, Wagner said,
and, by changing the maskant application method, the process can be
optimized for small or large production runs.

Orthopedic companies have designed about a dozen products that
take advantage of the Chemtex process, and Cycam produces about a
thousand treated parts a month.

Recently, Cycam began marketing the patented process to potential
customers outside the orthopedic industry. For example, because the
process increases the surface area of a part, it can increase the effi-
ciency of heat-exchanger elements. And, the controlled roughness the
process creates is beneficial when two treated surfaces are to be
joined by an adhesive.

One of the more novel applications involves treating the faces of
golf clubs. The texture reportedly lets a golfer put more backspin on
the ball.

Wagner admitted that some of the Chemtex applications are “way
outside what we normally do.” But he says that there are a number of
applications presently in the testing stages that show good potential.

—B. Kennedy
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Photomicrograph of Chemtex-treated surface (50x
magnification). The Chemtex process creates a
macro-texture on an implant that provides a strong
anchoring surface for bone.



partment can handle each shipment the
same way, minimizing the chance of a
mix-up occurring.

“It's pretty hard for someone to just
start manufacturing medical compo-
nents,” Wagner said. “There are re-
quirements regarding the facility, as
well asfor the maintenance of machine
toolsand use of oilsand coolants. When
our customers do audits, they look at
the complete package—our whole op-
eration. They want us to operate like
we're an extension of their company.”

FDA Oversight

Another big part of manufacturing
medical partsis conforming to govern-
ment regulations. The U.S. Food and
Drug Administration oversees Cycam’s
work under the Quality System Regu-
lation contained in Title 21, Subsection
820 of the Code of Federa Regulations.

The QS regulation covers “quality
management and organization, product
design, buildings, equipment, purchase
and handling of components, produc-
tion and process controls, packaging
and labeling, product evaluation, dis-

tribution, installation, complaint han-
dling, servicing and records.”

Included in the QS regulation are
current Good Manufacturing Practices
(GMPs), promulgated under Section
520 of the Food, Drug and Cosmetic
Act. They require manufacturers to
have “a quality system for the design,
manufacture, packaging, labeling, stor-
age, installation and servicing of fin-
ished medical devices intended for
commercia distribution in the United
States.” Needless to say, FDA quality
systems and GMP requirements are
among the most rigorous in existence.

“We're not making bicycle parts,”
Wagner said. “These implants go into

the human body and they arereg-

ulated accordingly.”

Compliance verification means
Cycam must track and record
every aspect of its operations—
from raw material to the finished
device. And the company tracks
and reports on every operation
performed by each operator for
each shift. It doesthe samefor its
inspection processes.

Previously, records were re-

tained for 7 years, but now the
retention period is indefinite.
Cycam has electronic systems
for storing this information both
on- and off-site. Theinformation
hasto be availablein the event of
a recall, Wagner explained,
adding that aformal recall planis
yet another item on the FDA re-
quirement list.

Tracking and documentation
extends through every aspect of
the organization, including hir-
ing practices. Cycam typically
hires new employees astrainees.
Thetraining process and evalua-
tion of personnel are covered by
FDA requirements.

“We haveto show that we'vetrained
the people and made them competent
and capable of performing the taskswe
ask them to do,” said Wagner. “Then
we have to evaluate them continually
on their performance, including man-
agement review of process and the
progress of each employee and depart-
ment. It'sall part of what we haveto do
to maintain control .”

It's also what it takes to be a player
in the highly competitive medical
component industry. And, the compe-
tition is expected to tighten even more
in the coming years.

Binders such as these contain documentation,
work instructions and procedures for each pro-
cedure Cycam performs. All operations and
inspections are verified, and records are stored
indefinitely.
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The medical componentsindustry is
moving toward adopting Six Sigma
quality standards. Wagner said Cycam
is too, with its ultimate goal being
“zero defects”

“That's very difficult to doin an en-
gineered-product, custom-manufactur-
ing business,” said Cycam’s president.
“The paperwork, the inspection, the
diligenceand disciplineiswhat it takes
to continually try to improve to
99.9999 percent accuracy. We're try-
ing to achieve perfection. That's what

our customers are working toward, and
they expect us to do the same”

CUTTING TOOL ENGINEERING Magazine is protected under U.S. and international copyright laws.
Before reproducing anything from this Web site, call the Copyright Clearance Center Inc. at (978) 750-8400.



