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Pre-Clinical Testing of Spinal Implants:
Safety Versus Substantial Equivalence

I. INTRODUCTION

Historically, the orthopedic industry has appreciated the difference in
the performance data threshold necessary to earn Investigational
Device Exemption (IDE) approval versus the threshold to get 510(k)
clearance. For IDE approval, a company is attempting to demonstrate
to the FDA that a device is safe enough to initiate a clinical study (i.e.,
offering a reasonable assurance of safety). In contrast, for the 510(k),
a company is attempting to demonstrate substantial equivalence (SE)
to another device with regard to indications, intended use, labeling,
fundamental scientific technology, and performance. The differences
between these two concepts have been very simple in the past because
most devices were clearly either class II or class III, where their design
could clearly distinguish their intended use. However, a new trend is
changing the landscape. Now, the same device can follow a class II1
IDE/PMA (Investigational Device Exemption/Premarket Approval)
pathway or a class II 510(k) pathway depending on small
modifications to its intended use and indications.

The most popular of these devices is the Dynesys® Dynamic
Stabilization System from Zimmer Spine. This device was cleared
through a 510(k) as a fusion system to treat spondylolisthesis,
which is a class II indication. However, the device also underwent
an IDE to study non-fusion use for class III indications to treat
spinal stenosis. Consequently, the presence of bone graft caused
this device to shift from a class III to a class II device treating
different lumbar spine pathologies. The obvious benefit to this
pathway is that a device was able to be commercialized within a
year and costing thousands of dollars, instead of the 5+ years with
an IDE and costing many millions of dollars necessary for an IDE
study and PMA submission.
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Dynesys® Dynamic Stabilization System from Zimmer Spine, Inc.
Photo courtesy of London Spine Clinic

Aside from the obvious differences in time and money, the
thought processes, information, and testing needed for these two
pathways are very different and not consistent from device to
device. The novel design features of these devices, as well as their
minimized use, have resulted in a lack of any uniform standards
for their assessment. This situation has led to a great deal of
frustration and confusion among regulatory bodies, industry, and
clinicians alike. Given that the general goal is to bring safe and
effective devices to enter the U.S. market in the least burdensome
manner, each group will need to resort to and accept a paradigm
shift in the way new spine devices are tested.

II. DEVELOPING SUBSTANTIAL EQUIVALENCE

For many devices, there are very straightforward pathways to earn
a substantial equivalence determination. A company usually has
access to guidelines or standards that clearly outline the necessary
steps, labeling considerations, and testing. Most of the time,
sufficient data is available in the literature or in the company’s
own documentation that can be used for comparison of results.
However, for the non-traditional devices or those with a unique
design, indication, or regulatory pathway, no regulatory precedent
is available. Consequently, the company must rely on novel
mechanical testing, cadaver testing, animal data, or even clinical

data to demonstrate substantial equivalence.

For a device with a unique design that warrants new testing
parameters that fall outside the FDA-recognized standard, the
FDA normally requires a predicate to be tested in the same
identical way. In other words, as long as a company is able to
demonstrate that a device is as strong and stiff as the predicate in
the same, somewhat physiologic test, the device can be deemed
substantially equivalent, assuming that all other regulatory
requirements are satisfied. This does not take into account the
possible unique failure modes that may exist with the new
design. If side-by-side testing is not feasible, animal or clinical
data would be necessary to demonstrate substantial equivalence.
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An example of this scenario is the current trend in posterior
dynamic stabilization systems. Although one of the closest and
most abundant predicates to dynamic stabilization systems is the
pedicle screw system, most of these systems cannot be tested in
the same manner because they are too flexible. Indeed, the device
may not even meet the standardized testing parameters (i.e.,
ASTM F1717, the standard by which spinal implant constructs are
tested) because of its flexibility; but if it does, it must demonstrate
inferior results to a more conventional pedicle screw system when
tested in accordance with the standard. Neither of these strategies
demonstrates substantial equivalence to a predicate. Therefore,
the company must demonstrate that the subject device is
mechanically equal to or better than the predicate through a test
that evaluates both devices similarly. This process would be called
upon to demonstrate that the device, when tested in a unique but
clinically relevant fashion, is mechanically equivalent to a
predicate with the same intended use. Mechanical equivalence is
often the only unknown factor in the substantial equivalence
decision paradigm.

THE PREMARKET NOTIFICATION REGULATIONS ARE
DESIGNED AROUND THE IDEA THAT, BY SHOWING
EQUIVALENCE TO A PREDICATE, WHICH OFTEN EITHER
HAS A SIGNIFICANT HISTORY OF CLINICAL USE OR WAS
LIKELY EQUIVALENT TO ANOTHER PREDICATE WITH
SIGNIFICANT HISTORICAL USE, THE SUBJECT DEVICE

IS AS SAFE AND AS EFFECTIVE.

However, the question remains: How does this 510(k)-based
testing evaluate or correlate with the safety and effectiveness of
the device? The premarket notification regulations are designed
around the idea that by showing equivalence to a predicate, which
often either has a significant history of clinical use or was likely
equivalent to another predicate with significant historical use, the
subject device is as safe and as effective. Although the company is
able to demonstrate that its device is as stiff and strong or can
bend in certain ways when tested in a unique fashion, that does
not necessarily mean these results will translate to clinical settings
and accomplish the intended use for the device in question. For
example, to characterize the cyclic loading on a dynamic
stabilization device, a company must show that it takes certain
loads to flex or extend the device a certain distance. This load
should be higher than the predicate, meaning it is a stiffer device.
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Flexion of the lumbar spine
with the Dynesys®Dynamic
Spinal System from Zimmer
Spine, Inc. Photo courtesy of
www.zimmerspine.com.

But what if the subject device breaks when trying to move that
distance because it is too stiff¢ For a fusion scenario, a stiffer
device is ideal, but when comparing it to a flexible predicate, it
may be considered a failure.

III. DEVELOPING SAFETY

Now, if we analyzed the same device (a posterior stabilization
system) for non-fusion use for initiation of an IDE, what testing
would be needed? Would comparative testing be required?
Because the device is now indicated for non-fusion, an extension
of tests would be needed to demonstrate that it can maintain its
integrity through the life of the patient in the absence of fusion.
Therefore, testing the device out to 10 million cycles instead of 5
million cycles would be required. Furthermore, additional testing
modalities would be necessary that were not needed for the
510(k). For dynamic stabilization systems, dynamic shear testing
may be required, or even dynamic torsion. These concerns relate
back to the new intended use in that now we are interested in
device safety throughout the life expectancy of the device, and not
so much the stiffness required to facilitate fusion.

In other words, many more rigorous tests are needed to
demonstrate that the device is safe to implant into one patient,
while different and perhaps significantly less testing would be
needed to put the same device onto the market as a fusion device.
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Bone graft in a lumbar fusion cage

Even though the indications would not be the same, many
companies would still prefer a 510(k) clearance for a device
because it is cheaper and quicker than a lengthy IDE and PMA
process. But the issue remains: for the same device, the threshold
for determining safety for implantation into a single patient may
be different than the threshold for getting clearance for a marketed
device, which can then be implanted into thousands of patients.

A great deal of weight is placed solely on the label, or in this case,
the indications, to differentiate between what the FDA would
deem a marketable device and one that would not have sufficient
data to justify implanting even one patient. In stabilization
systems, the simple addition of “has to be used with bone graft”
may save millions of dollars and years of company time.

The easier 510(k) route is viewed by many companies and
investors as the best way to get a device on the market. These
companies may not appreciate the limitations that the labeling
and marketing will have by getting a fusion-based indication. In
addition, the risk placed on the surgeon and company by possibly
using or marketing the device off-label is a major consideration.
Only time will tell if this strategy positively impacts doctors,
patients and device companies.

A GREAT DEAL OF WEIGHT IS PLACED SOLELY ON
THE LABEL, OR IN THIS CASE, THE INDICATIONS, TO
DIFFERENTIATE BETWEEN WHAT THE FDA WOULD
DEEM A MARKETABLE DEVICE AND ONE THAT
WOULD NOT HAVE SUFFICIENT DATA TO JUSTIFY
IMPLANTING EVEN ONE PATIENT. IN STABILIZATION
SYSTEMS, THE SIMPLE ADDITION OF “HAS TO BE
USED WITH BONE GRAFT"” MAY SAVE MILLIONS OF
DOLLARS AND YEARS OF COMPANY TIME.

IV. CASE STUDY: INTERVERTEBRAL SPACERS

For intervertebral “spacers,” which are indicated for fusion in the
United States, the regulatory pathway is driven by the presence or
absence of bone graft. An example of this is the Satellite™ Spinal
System from Medtronic Sofamor Danek, Inc., for which the
company was able to use the Harmon Sphere as the predicate
device. Similar devices are now being studied for non-fusion and
podium presentations. The fusion version of the Satellite Spinal
System was a cleared 510(k) in September 2005, whereas a
non-fusion version of the device would be considered an
IDE/PMA. However, both devices, regardless of their intended use
(i.e., fusion or non-fusion), have similar safety issues.

Because of the pre-1976 Amendments status afforded the
Harmon Sphere, and its similarity to the Satellite Spinal System,
the regulatory pathway was fairly simple for fusion indications.
However, as noted above, the same safety issues exist even though
the device has been determined substantially equivalent. The
primary failure modes and safety issues that exist for these devices
are either subsidence or migration/expulsion, which have been
observed not only with the Harmon Sphere but also with nucleus
replacements that have similar designs and materials. Both of
these risks are characterized in both types of regulatory
submissions (i.e., 510(k) and IDE), but their importance differs.

In fusion, some surgeons believe subsidence may be desired;
however, the literature has shown that loss of disc height is
correlated with pain and function. In fact, both the Harmon Sphere
and the Fernstrom Ball system exhibited significant subsidence due
to the point contact of their spherical shapes (Fernstrom, U.
“Arthroplasty with intercorporal endoprosthesis in herniated disc
and in painful disc” Acta Chir Scand 1966;357:154-9). Current
interbody fusion devices have higher surface areas and higher
contact areas with the vertebral endplate to prevent subsidence. As
with all 510(k) devices, to demonstrate substantial equivalence, the
company must compare the device to a predicate. Thus, for spacers,
sponsors would need to demonstrate better subsidence results (i.e.,
more load to push the device into bone). However, because
subsidence was not only expected with the Harmon Sphere, but in
fact was a desired result, and indeed was the theoretical cause of
clinical success due to the added translational stability, it would
seem that lower subsidence results would lead to a better device
than the predicate (Satellite Spinal System).



For an IDE (non-fusion) device, the same rationale applies: the
device should demonstrate a higher resistance to subsidence,
which for this indication seems more clinically accurate. Much of
the 510(k) review, as with dynamic stabilization systems, is based
on demonstrating mechanical equivalence. This raises a question
as to whether the device is stronger or performs better under
certain loading scenarios. However, in the case of characterizing
subsidence for spacers, a possible clinical success (total subsidence
and disc collapse) for one regulatory pathway is a failure.

The confusion in the area of spacer subsidence begs the question:
how significant is the difference between clinical relevance of
preclinical testing for an IDE versus a 510(k)? In an IDE, preclinical
testing would need to be performed in a cadaver specimen to assess
subsidence, range of motion, endplate disposition, and other
factors. Clinically, if this loss in disc height becomes significant, not
only will the treatment effect of maintaining disc space be lost, but
the patient’s pain and function could worsen to the point of
needing a reoperation, which would be considered a treatment
failure. However, as with dynamic stabilization systems, the
criterion for determining substantial equivalence in a 510(k) device
is significantly different for spacers. Such testing generally involves
polyurethane foams in a static test to assess subsidence. Although
these data allow comparison between devices, the resulting stiffness
data, size and shape of the device, or material has yet to be
correlated to any clinical performance, and it is impossible to
determine safety and effectiveness. This typifies one of the pitfalls
in the methods for evaluating “safety” in a 510(k).

With a company developing a spacer to be substantially
equivalent to the Satellite Spinal System, the burden is on the
company to demonstrate mechanical equivalence (i.e., that the
device is as stiff and strong) to the predicate, and to demonstrate
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methods to mitigate the associated device-dependent risks. In
other words, for Medtronic, Inc., the substantial equivalence
determination would be based on the Satellite Spinal System, and
thus the Harmon Sphere.

WITH A COMPANY DEVELOPING A SPACER

TO BE SUBSTANTIALLY EQUIVALENT TO THE
SATELLITE SYSTEM, THE BURDEN IS ON THE
COMPANY TO DEMONSTRATE MECHANICAL
EQUIVALENCE (lI.E., THAT YOUR DEVICE IS AS
STIFF AND STRONG) TO THE PREDICATE, AND
TO DEMONSTRATE METHODS TO MITIGATE
THE ASSOCIATED DEVICE-DEPENDENT RISKS.

The other main failure mode of spacers is expulsion or migration.
In either a 510(k) or an IDE, the risk of migration needs to be
characterized. Therefore, substantial equivalence would not
address the risks of subsidence and expulsion, both of which are
clinical in nature. Now that the Satellite Spinal System is a valid
predicate, the landscape for spacer devices has changed. The
threshold for demonstrating substantial equivalence has been set,
whether it is measuring subsidence or migration or ignoring both
of these issues.

If one were to seek an IDE for one of these devices, both of these
issues would need to be addressed before pursuing the clinical
study either on the bench or in a functional animal model. In
addition, the risk of migration often cannot be studied adequately
on the bench; therefore, animal or clinical data would be needed
to address this risk. In this example, the safety questions seem to
overlap both fusion and non-fusion indications but are only
addressed in the IDE.

=3 L
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Table 1: Interbody Cage and Vertebral Body Replacement (VBR) Test Battery

LUMBAR CAGE

Static axial compression

CERVICAL CAGE

Static axial compression

VBR

Static axial compression

> Dynamic axial compression Dynamic axial compression Dynamic axial compression
- N/A Static torsion Static torsion
'E N/A Dynamic torsion Dynamic torsion
::_: Static compression shear Static compression shear N/A
ﬁ Dynamic compression shear Dynamic compression shear N/A
Subsidence Subsidence N/A
N/A N/A Expulsion

Although risks and failure modes have been associated with these
spacers, the regulatory process allows a difference in characterization
of these risks depending on the submission. Once again, the
dependence on the labeling is critical because the only difference
between a device that is fully characterized and studied extensively
in patients and one with little characterization is the association
with the word “fusion.”

With the new precedents set, one would have to ask: is this the
end of truly dynamic stabilization systems and nucleus
replacements? The current market offers no non-fusion dynamic
stabilization systems and no nucleus replacements, yet many
companies are developing these systems for the U.S. market.
Although there is a reliance on mechanical testing, what happens
if the spacer or dynamic stabilization system is not as stiff and
strong as the predicate?

V. CAGE VERSUS VERTEBRAL BODY REPLACEMENT

With the recent FDA down-classification of interbody fusion
cages to class II, requiring 510(k) approval, comes a new approach
to testing for regulatory purposes. Results from testing with
interbody cages over the past 10 to 15 years justified an
IDE-specific battery of tests to confirm safety. This evaluation
generally required a series of static and dynamic axial
compression and torsion tests with instances of subsidence or
expulsion testing included. Now the goal of preclinical testing is to

demonstrate an interbody cage that is equivalent to or better than
a predicate (e.g., PMA-approved or new 510(k)-cleared) cage. In
the June 12, 2007 Guidance Document', the requisite test battery
for interbody cages was established. This battery of tests is more
inclusive than that described in the PMA. This test battery is
outlined in the table above.

The design and clinical outcomes for the BAK, Brantigan Cage,
Interfix, Affinity, BAK-C, and all other approved cages were based
on metallic designs. These cages were extremely robust. Now,
some of the partial VBRs made out of much weaker materials
have to demonstrate substantial equivalence. Although some data
are publicly available for the PMA-approved cages, many of the
newer cages will likely have lower performance results due to
polymer (e.g., PEEK) designs. In such cases, the burden will be on
the company to provide a rationale for the substantial equivalence
argument. This is more problematic than simply providing a
clinical justification for an IDE, especially in the case of shear
testing where the test setup is not the most clinically relevant
configuration to evaluate the device performance in translation
under physiological conditions.

In looking at the test battery (Table 1), one may notice that it is
very similar to what is required for VBRs. Comparing the two
respective test batteries side by side, several key differences
become evident. First, VBR testing requires expulsion testing,
whereas interbody cages do not. Second, interbody cage testing
may require shear testing (depending upon cage design), whereas

! Guidance for Industry and FDA Staff: Class Il Special Controls Guidance Document: Intervertebral Body Fusion Device. Document issued June 12, 2007.



Interbody Fusion Cage or VBR?

lllustrations courtesy of www.freepatentsonline.com

VBRs do not. The VBR test battery omits subsidence; however, the
FDA has requested this testing in the past few years due to the
influx of partial VBRs intended for use in softer cancellous bone.
Understanding and appreciating these differences is necessary to
ensure resources are correctly allocated for these projects.

So why is this important? For a long time, companies have been
getting their lumbar cages cleared as VBRs and their cervical cages
cleared as partial VBRs. Now that cages are reclassified, will there be
a tremendous barrier to entry for cages compared to VBRs? A new
interbody fusion cage submission will require more than simply
changing the indications and citing the existing VBR data. The
510(k) must also include new results from testing and new rationales
to demonstrate substantial equivalence. This translates into
conducting static/dynamic compression shear and subsidence testing
if it has not been already performed. Additionally, a new rationale for
every test is required to demonstrate substantial equivalence. These
rationales are critical because the VBR-turned-cage needs to be
equivalent to a predicate interbody cage for every test, not just the
new compression shear and subsidence testing.

Conducting new tests and providing the proper justifications can
be difficult depending on how stringent the FDA is. What if a
company’s cage is much weaker than the PMA-approved cages

THE PATHWAY FOR INTERBODY FUSION
CAGES IS UNFAMILIAR AND POSSIBLY MORE
EXPENSIVE, AND WHEN INVESTORS ARE
LOOKING FOR PREDICTABILITY AND
CONFIDENCE, MANY COMPANIES WILL
CHOOSE TO SUBMIT A VBR 510(K).
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and weaker than anything described in the literature? One would
think that most companies will simply seek a partial VBR
indication. Therefore, the easier and more familiar pathway to
market is to seek clearance for a VBR. We believe the FDA has
begun to recognize this dilemma in recent years, and now seems
to review cage submissions more liberally on a case-by-case basis.

The pathway for interbody fusion cages is unfamiliar and possibly
more expensive, and when investors are looking for predictability
and confidence, many companies will choose to submit a VBR
510(k). As with dynamic stabilization systems and spacers, there is an
easier pathway to market for VBRs that may prevent cages from ever
really being accurately marketed. Nevertheless, both of these
pathways are better than predicating your cage to a cement restrictor.

VI. WHEN TO CONSIDER ANIMAL TESTING

When approached with a new dynamic stabilization system or
other novel technology, the FDA often requests a company to
either do side-by-side testing or to characterize the failure modes
of the device and to demonstrate that it can fuse in a functional
animal model. A similar thought process would be appropriate for
those spacers that are not as strong and stiff as the Satellite Spinal
System or with interbody cages not demonstrating equivalent or
better mechanics. Due to anatomical and biomechanical
variations, no ideal animal model exists for evaluating spinal
devices. Thus, trying to show proof of concept or mechanism of
action in an animal is almost impossible—that is, of course,
unless you want to show that something can fuse. Most animal
studies demonstrate great fusion results; therefore, when asked to
demonstrate that a device can indeed facilitate fusion, relying on
a functional animal should yield acceptable results. This sets the
bar even lower for getting these devices to the market.

If a company has a very flexible system or spacer made of a very
“formable” polymer, then it can possibly test the system
appropriately and put it in an animal model. The company would
have to conduct a controlled study evaluating the presence of
fusion, ideally without the presence of bone graft to represent
worse case; however, one could justify including bone graft.
Demonstrating fusion in these cases can be accomplished relatively
easily, resulting in the company’s device being determined
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PERFORMING AN ANIMAL STUDY TO SUPPORT AN IDE CAN OFTEN BE DIFFICULT.
THERE ARE NO ANIMAL MODELS THAT CAN BE CONSIDERED REPRESENTATIVE OF THE
HUMAN SPINE. ON THE OTHER HAND, ANIMAL MODELS CAN BE USEFUL TO STUDY
BIOCOMPATIBILITY AND IMMUNOLOGIC RESPONSE TO NOVEL MATERIALS.

substantially equivalent. Conducting a 6-month or 1-year animal
study still saves a company millions of dollars and years. This is a
very simplistic view of these devices and only takes into account
the stiffness and strength of the device. Many other factors play
into the FDA’s decision-making process, including material and
the possible clinical effect that material may have in treating or
achieving the indications.

Conversely, performing an animal study to support an IDE can
often be difficult. Because the goal of an animal study intended to
support an IDE is to show safety, an animal model that can be
considered representative of the human spine should be tested.
However, no such animal model exists because each species has its
own unique endplate structure, disc height, and biomechanics,
among other features. This problem can result in a device being
implanted differently to accommodate the anatomical differences,
which further devalues the safety argument. If an adverse event
occurs, the company can often cite these differences as the cause,
so in the end very little is contributed to the safety profile. On the
other hand, animal models can be useful to study biocompatibility

and immunologic response to novel materials. Investigators
should consider these points when establishing the goals of such a
study, especially for mechanical devices designed specifically for
the human anatomy.

VII. CONCLUSION

Pre-clinical testing for regulatory submissions must be driven by
the specific regulatory pathway. The test battery for one device
being considered for fusion indications through a 510(k) will be
different from a test battery for the same device under
consideration for non-fusion indications through an IDE/PMA
pathway. Also, different tests may be required for the same device
under two different 510(k) submissions due to indication and
design-specific risks.

For some regulatory pathways, it seems that the hurdle of
demonstrating substantial equivalence is lower than that of
demonstrating safety. This difference exists primarily because the
regulatory process has loopholes and some companies expose
those holes for other devices to get to market more easily. Some
devices are simply developed for treatment of two indications,
and seeking a 510(k) for such devices as well as studying them
under an IDE would be appropriate. However, often the company
will never conduct a clinical study under an IDE to get the
alternate indications. These pathways can steer a device area and
technology and often end up pushing the limits of whether a
device is truly safe for that indication even though it may be
substantially equivalent.

However, many investors and companies see financial success
when they see market clearance regardless of how a device is
commercialized. Many investors immediately see the quickest
pathway to market being the most ideal. This means that dynamic
stabilization systems would get cleared as fusion devices, spacers
would be cleared as fusion devices, and all the interbody fusion



cages would be cleared as VBRs. From a company standpoint, this
pathway may also look intriguing; however, it may be unclear
whether a company may not appreciate the risks associated with
marketing these devices off-label. From a surgeon’s perspective, he
or she may use the device; however, in our litigious society, most
surgeons would be hesitant to use any unique devices that were
cleared through this alternate route without data from published
literature or demonstration that the device is safe for that
indication. Therefore, the safest approach to market would be to
seek the indications the device was designed to treat, whether
these are non-fusion indications or interbody fusion indications.

In some cases, a company’s only survival mechanism is to seek
clearance of a device because so many competitors have sought
the same pathway. The dynamic stabilization field will become so
crowded in the near future, that many companies will not seek the
non-fusion indications for which the device was originally
designed. In these cases, the advertisements, presentations, and
literature promoting such a device for a non-fusion system may
not compensate the millions of dollars and years from getting to
market 5+ years earlier.

ABOUT THE AUTHORS
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A company’s ultimate strategic goal should be to set the highest
barrier to entry, such that all competitive devices have to go
through the same route to market or to be accompanied by the
same amount of data. Often, the more data the company
generates, the more publications and conference presentations
can happen. Although the time to market for many of these
devices can be very long, the marketability can bring huge
dividends on sales. In addition, those companies that do conduct
the proper clinical study or follow the proper regulatory pathway
have an easier time getting their devices paid for by CMS and
other insurers.

Above all, when evaluating a device and its regulatory pathway, all
monetary, marketing, and timing concerns should be set aside
and the primary focus should be on the patient being treated. Is
the device safe for whatever pathway the company plans on using?
If this means submitting a spacer as a 510(k) or an IDE, what
indication is the safest for the patient? Many times these questions
are lost among the key decision makers, while the only people
truly seeing the effects of the device are the patients.

Mr. Stiegman manages and directs the regulatory affairs for MCRA and its clients.
Mr. Stiegman is responsible for management of approximately 10 regulatory
professionals at MCRA. Mr. Stiegman leads the firm's submission process,
regulatory strategy, analysis and development: from pre-clinical testing, to FDA
submissions, to market approval and post commercialization.

Prior to joining MCRA in February 2006, Mr. Stiegman served as the Chief of the
Orthopedic Devices Branch for the US Food and Drug Administration. As Branch Chief,
Mr. Stiegman managed a team of scientists, clinicians, and engineers in the regulation of
all orthopedic devices marketed in the United States. In addition, Mr. Stiegman was
responsible for overseeing all FDA guidance documents and FDA policy determinations
for orthopedic devices marketed in the United States. Furthermore, he assisted in and
oversaw all integrity, compliance, and monitoring issues regarding the orthopedic
industry in collaboration with the Office of Compliance.

Mr. Stiegman was also a member of several leveraging groups, such as the
Orthopedic Device Forum and Orthopedic Surgical Manufacturer Association,
where he represented the FDA. As the head of the Orthopedic Devices Branch, Mr.
Stiegman pursued the advancement and consistency in the regulation of all
orthopedic devices. This was evident by the pursuit of reclassifying several types of
orthopedic devices, developing guidance documents on state-of-the-art
orthopedic devices, and educating and assisting the orthopedic community in the
regulatory strategies to get devices to market.

Prior to becoming Branch Chief, Mr. Stiegman was a reviewer in the Orthopedic
Devices Branch where he was the team leader on many state-of-the-art spinal
technologies. He was a leader in the field of artificial disc replacements, nucleus
replacements, posterior stabilization systems, and many of the current widely used
fusion spinal systems. He authored a guidance document for industry on spinal systems
indicated for fusion, and he also developed documents that assisted companies in
getting other devices to market, such as artificial disc replacements, nucleus
replacements, and posterior stabilization systems. Mr. Stiegman received his Bachelor
in Science at Tulane University in Biomedical Engineering and his Master in Science at
Clemson University in Bioengineering with a focus on biomaterials and biomechanics.

Mr. Eggleton is responsible for regulatory affairs relevant to spine devices for MCRA
clients. In particular, Mr. Eggleton writes 510(k)s, IDEs, PMAs and international
regulatory submissions. Mr. Eggleton also develops specific regulatory pathways for
new, innovative devices and drafts preclinical and clinical test protocols designed to
position devices for regulatory approval.

Prior to joining MCRA in July 2006, Mr. Eggleton served as a lead reviewer in the
Orthopedic Devices Branch of the US Food & Drug Administration. In this role,
Mr. Eggleton reviewed more than 300 510(k), IDE and PMA submissions regarding
cutting-edge spine, trauma and bone cement technologies, among others.
Technologies of note include artificial disc replacements, nucleus pulposus
replacements, interspinous process stabilization devices, posterior stabilization
systems and novel materials used in fusion spinal systems.

Mr. Eggleton also contributed to several guidance documents and ASTM technical
committees regarding orthopedic device testing.

Preceding his experience at the FDA, Mr. Eggleton worked in the Drexel University
Biomaterials Laboratory where he aided in the development of novel hydrogels
designed to replace the nucleus pulposus of the intervertebral disc. Mr. Eggleton also
served as a research associate at Therics, Inc., specializing in the characterization of
bone substitute materials.

Mr. Eggleton received his Bachelor of Science in Biomedical Engineering at Drexel
University, with a focus on biomaterials and tissue engineering.



REGuULATORY ¢ CLINICAL ¢ INTELLECTUAL PROPERTY ¢ REIMBURSEMENT

Musculoskeletal Clinical
Regulatory Advisers, LLL.C

505 Park Avenue 14th Floor
New York, NY 10022
Phone (212) 583-0250
Fax (212) 750-2112

1331 H Street, NW, 12th Floor
Washington, DC 20005
Phone (202) 552-5800

Fax (202) 552-5798

Email: info@mcra.com

MCRA.COM

About MCRA

MCRA was founded in 2003 and provides "first-in-class” service to its clients through its superior knowledge base, global surgeon
relationships and deeply experienced management team. MCRA places particular emphasis on working with companies at all stages of
development, whether they are single-product companies or companies with several thousand technologies.




