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PROCEEDI NGS
| ntroductory Remar ks

M5. NASHWVAN. Good norning. M nane is Jod
Nashman. | amthe Executive Secretary of this panel and a
reviewer in the Othopedic Devices Branch.

| would Iike to rem nd everybody that you are
requested to sign in on the attendance sheets which are
avai l able at the tables by the doors. You nay also pick up
an agenda and informati on about today's neeting including
how to find out about future neeting dates through the
Advi sory Panel phone |ine and how to obtain neeting m nutes
or transcripts.

There is also a listing of the questions that w |
be posed to the panel outside as well as a roster of the
panel nenbers outside. Please note that any information
di spl ayed on overheads or on slides is not directly
avai l able fromnme or fromthe Othopedic Branch. This
i nformati on can be obtained either by requesting transcripts
of this neeting or by requesting this information via the
Freedom of Information process. |f you could pass that
informati on along to your coll eagues, also, it would be
appr eci at ed.

| am now going to read the conflict of interest
statenent which is required to be read into the record. It
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is noted that the deputization of tenporary voting nenbers
is not required today since this portion of the neeting wll
not include any formal voting.

The foll ow ng announcenent addresses conflict of
interest issues associated with this neeting and is made a
part of the record to preclude even the appearance of
inpropriety. To determne if any conflict existed, the
Agency reviewed the submtted agenda and all financi al
interests reported by the Commttee participants.

The conflict of interest statutes prohibit special
gover nnment enpl oyees from participating in natters that
could affect their, or their enployer's, financial interest.
However, the Agency has determ ned that participation of
certain nenbers and consultants, the need for whose services
out wei ghs the potential conflict of interest involved, is in
the best interest of the governnent.

A wai ver has been granted for Dr. Barbara Boyan
for her interest in firnms which could potentially be
affected by the panel's decision. A copy of this waiver may
be obtained fromthe Agency's Freedom of Information Ofice,
Room 12A-15, of the Parkl awn Buil di ng.

W would like to note for the record that the
Agency took into consideration other matters regarding Drs.
WIlliam Tonford and Seth Greenwald. Dr. Tonford reported
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that his institution has financial interest in firnms at
issue for matters related to today's discussion. Since Dr.
Tonford has no personal interest in these matters, the
Agency has determ ned that he may participate fully in

t oday' s di scussi on.

Dr. Geenwald reported interest in orthopedic
firms in matters not related to i ssues before the panel.
Since these matters are not related to the agenda of this
nmeeting, the Agency has determined that Dr. G eenwal d may
participate fully in today's di scussions.

Drs. Daniel Rosenthal and Joseph Lane, who are
guest speakers with us today, have acknow edged prof essi onal
relationships with firnms whose products are under discussion
today. In the event that the discussions involve any other
products or firms not already on the agenda for which an FDA
partici pant has financial interest, the participants should
excl ude thensel ves from such invol venent and their
excl usi ons shoul d be noted for the record.

Wth respect to all other participants, we ask, in
the interest of fairness, that all persons nmaking statenents
or presentations disclose any current or previous financial
i nvol venent with any firm whose products they may wi sh to
comment upon.

Before turning the neeting over to Dr. Hanley, |
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woul d like to introduce our distinguished panel nenbers and
our speakers who are generously giving their tine to help
the FDA on the matters being di scussed today and the other
FDA staff seated at this table.

For nmy own ease, | amgoing to do this in
al phabetical order. Dr. Boyan, who will be sitting to Dr.
Hanley's |l eft when she arrives, is a Ph.D. in orthopedic
research at the University of Texas Health Center. She is a
voti ng nmenber of this panel.

Dr. Daniel J. Cauw is a rheunatol ogi st at
CGeorgetown University and he is a consultant to this panel.
Dr. Gary Friedlaender, MD., is an orthopedi c surgeon at
Yal e University School of Medicine. He is a consultant and
guest speaker for this panel.

Dr. A Seth Geenwald works in the area of
ort hopedi ¢ bi omechani cs at the orthopedic research
| aboratory at M. Sinai Medical Center and he serves as a
consultant to this panel. Dr. Edward Hanley, MD., an
ort hopedi ¢ surgeon at the Carolina Medical Center, is the
Acting Chairman for this panel.

Doris Holeman, Ph.D., is a nurse at Al bany State
Coll ege. She is the Consunmer Representative for this panel.
Dr. Joseph Lane, MD., orthopedic surgeon, works at the
Hospital for Special Surgery and he serves as a guest
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speaker for this panel. Dr. Keith Markolf, Ph.D., is a
bi onmechanist. He works in the Bi onmechani cs Research Center,
University of California at Los Angeles and is a voting
menber of this panel

Dr. Mchael Mayor, M D., orthopedic surgeon, is at
Dartmout h's Hitchcock Medical Center and he serves as a
consultant to this panel. Dr. M dinton MIler, Ph.D., is
a biostatistician, retired professor and Chairnman of the
Medi cal University of South Carolina. He serves as
consultant for this panel.

Dr. Roger M Nelson, Ph.D., is a physical
t herapi st and works at Thomas Jefferson University and he
serves as a consultant to this panel. Dr. Leela Rangaswany,
MD., is an orthopedi c surgeon, Deputy Editor of the Journal
of Bone and Joint Surgery, and she serves as a voting nenber
on this panel.

Dr. Daniel Rosenthal, MD., is an orthopedic
radi ol ogi st at the Massachusetts General Hospital and he
serves as a guest speaker at this panel. Dr. Raynond
Silkaitis, Ph.D., is the V.P. of Medical and Regul atory
Affairs at diatech and he serves as the Industry
Representative for this panel.

Dr. WIlliam Tonford, MD., is also an orthopedic
surgeon at Massachusetts General Hospital and he serves as a
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consultant for this panel. Dr. Stephen Trippel, MD., is an
ort hopedi c surgeon at Massachusetts CGeneral Hospital and

al so a consultant to this panel. Dr. Mchael Yaszenski,
MD., is also an orthopedic surgeon at the Mayo Cinic and
he serves as a guest speaker for this panel.

DR. HANLEY: Thank you. Good norning. | amDr.
Edward Hanley. | will be serving as Chairperson for this
nmeeting. Today, the panel will have a general discussion of
study design and effectiveness endpoints for clinical trials
utilizing bone void fillers.

MS5. NASHMAN:. Before we begin the open public
hearing, | forgot to introduce the D vision Director of
DGRD, who would be Dr. Celia Wtten, Ph.D., MD. She is to
Dr. CQauw s right. Dr. Wtten will nmake a few remarks to
frame the context of today's discussion.

DR WTTEN. | want to thank, in advance, everyone
who is here, panel, speakers and industry, for participating
today. Today, we will be asking the panel for a prospective
gui dance for future clinical studies of bone void fillers.
No vote are going to be requested of the panel. W are
requesting the panel's expert clinical and scientific
opinion in study design and other issues related to future
efforts to study these types of products.

The search for alternatives to autol ogous bone
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graft has been pronpted by the desire to elimnate a second
surgical site and to address the issue of |limted bone

avai lability. This has led to an interesting variety of
materials for use as bone void fillers.

As evidenced by reports in the literature, these
devi ces can have a variety of biochem cal and nechani ca
properties and can be expected to performdifferently from
one anot her.

To date, there are two devi ces approved under PNA
and one cleared for marketing under the 510(k) regul ation.
The panel has been provi ded general background i nformation
regardi ng these devices in their packet. The FDA is seeking
panel i1nput on issues related to nechanical properties and
preclinical testing of bone void filler materials.

These requirenents may vary dependi ng on the
mat eri al characteristics such as resorption rate. O her
vari abl es, such as anatom cal site and associative
mechani cal | oading. The type of bone fracture defect size
may al so be inportant.

Panel input is being sought on what the inportant
mechani cal properties for bone void fillers are taking into
account these material and clinical differences. Panel
i nput regarding clinical-study design is being requested.
We are interested in panel recomendations regarding
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consi derations that woul d affect study design in assessing
the use of this device in different anatom cal sites and
i ndi cati ons.

W are interested in panel recommendati on
regardi ng the radi ographic criteria that are nost neani ngful
for evaluating device effectiveness and to what degree
radi ographi c data can be expected to correlate with clinical
outcone. W also would like your input regarding clinical
endpoi nts and assessnent tools that woul d be nost
appropri ate.

We have invited several guest speakers to nmake
presentations related to this discussion and wll be
presenting specific questions to the panel for discussion
af t erwar ds

Once again, | wuld Iike to thank in advance
everyone who is here, the panel speakers and industry for
participating in the discussion.

Thank you.

DR. HANLEY: Thank you.

Open Public Hearing

We will now proceed with the open public hearing
session of this neeting. | would ask, at this tine, that
all persons addressing the panel conme forward and speak
clearly into the m crophone as the transcriptionist is
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dependent upon this neans for providing an accurate record
of the neeting.

We are requesting that all persons making
statenments during the open public hearing of the neeting
di scl ose whet her they have financial interest in any nedi cal
devi ce conpany. Before making your presentation to the
panel, in addition to stating your nanme and affiliation,
pl ease state the nature of your financial interest, if any.

| s there anyone who w shes to address the panel ?
Pl ease cone forward.

MR. BALDING M nane is Dave Balding. | would
like to say good norning to the nenbers of the panel,
representatives of the FDA, |adies and gentlenen.

[Slide.]

| am D rector of Quality Assurance and Regul atory
Affairs at Interpore International. | ama sharehol der and
| do have a financial interest in the conpany.

[Slide.]

Consistent with the subject matter of today's
panel discussion, | would like to briefly famliarize you
with the clinical information on the Pro Gsteon 500
Coral I i ne Hydroxyapatite Bone Void Filler.

[Slide.]

Pro Gsteon is one of two bone void fillers on the
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mar ket today. These two bone void filler products have
undergone clinical |IDE evaluation and recei ved FDA approval
as bone void fillers for certain orthopedic indication

t hrough the premarket approval process.

[Slide.]

For those of you who may not be famliar with Pro
Osteon, the product is derived fromthe exoskel eton of
marine coral which is a pure formof cal cium carbonate. The
cal cium carbonate is converted hydrothermally to crystalline
hydr oxyapatite.

The result product maintains the original
trabecul ar structure of the coral which is simlar to human
cancel | ous bone, as shown in this slide. Wen Pro Gsteon
| rpl ant 500 is inplanted in direct apposition to viable
bone, the inplant becones vascularized and is ultimately
i ncorporated with new bone through the body's natural
renmodel i ng process.

[Slide.]

Clinical testing of Pro Osteon commenced in 1982
at nine institutions. 166 |ong-bone defects in 159 patients
were enrolled fromJune, 1982 to February, 1987 in the study
for repair of nmetaphyseal and di aphyseal defects. The
pati ent popul ation conprised 134 acute fracture defects, 24
del ayed uni on/ non-uni on, repairs and ei ght cyst/tunor
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defects. 119 defects were in the netaphysis and 47 were
| ocated in the diaphysis.

[Slide.]

For the denographics, 100 nales and 59 fenal es
were enrolled. The overall nean age was 37.4 years.

[Slide.]

The nost frequent site of inplantation was the
tibia, followed by the femur and, follow ng that, the
radi us, ulna, hunerus and fibula which accounted for
bal ance. Comm nuted fractures were the nost common type of
fracture repaired foll owed by conm nut ed/ conpressi on
fractures, conpression fractures, segnental or oblique
fractures, and there was one osteotony.

[Slide.]

The aut ogenous bone-graft control popul ati on which
was sel ected by gathering all reported clinical and
radi ographi c data on patients receiving autogenous bone
grafts for acute fracture defects and non-unions at three of
the participating nine institutions during the years of the
Pro Osteon study.

| mght add that the control patients were
concurrent but not prospectively random zed in this study.

[Slide.]

Clinical healing was defined as ful

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

wei ght - bearing or functional use of the extremty with no
nmore than mld pain. Radiographic healing was new bone
growt h obscuring the fracture |ine.

The data were anal yzed for nean tine to clinical
and radi ographic healing. Pro Osteon patients had
equi val ent or shorter mean tine to healing when conpared to
t he autographic control group using a general |inear nodel
approach for analysis of variance for nean tine to healing.

[Slide.]

Har dware was renoved in 44 Pro Osteon patients
wi th an average of 21.0 nonths post inplantation. The
average follow up, post hardware renoval, was 51.4 nonths.
To date, there have been no instances of conplications or
refracture follow ng hardware renoval .

[Slide.]

In addition to the analysis of human patterns,
bi opsi es were done at the tinme of hardware renoval for
evi dence for the progression of healing. 34 of 37 biopsies
denonstrated bone ingrowth. 18 of these biopsies, all of
whi ch had bone ingrowth, showed the nean vol une of bone to
be 36.1 percent while soft tissue was 33.4 and inplant was
30. 7 percent.

[Slide.]

Complications reported in this study were simlar
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to conplications encountered in patients who had aut ogenous
bone graft. 37 of 159 Pro Osteon patients experienced
conplications. None of the conplications were attributed to
the Pro Gsteon by the investigators. The nost frequently
reported conplications for both Pro Osteon and autograft
controls were infection, |oss of reduction, malunion and
del ayed uni on/ non uni on.

The IDE was officially closed on Decenber 17,
1992.

[Slide.]

| have shared the described study in hopes of
of fering you sone insight which may be of assistance in your
further discussions today. Interpore respectfully requests
that during your deliberations today that the foll ow ng
speci fic recommendati ons be considered and di scussed.

One, we woul d suggest that bone void filler should
have I DE clinical evaluation prior to approval for
mar keti ng. Second, prospective, random zed autograft
control s should be used where controls are used in studies.
The use of allograft is not recomrended.

Third, we would encourage the use of autogenous
bone with bone void fillers in large defects. This is
because bone void fillers are, by the definition of bone
void fillers, osteoconductive and not necessarily
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osteoi nductive. Therefore, the use of autogenous bone as an
augnentation material, particularly in large defects, should
be endorsed and recomended.

The addition of autogenous bone with a synthetic
graft material wll imrediately bring the patient's own
ost eogeni ¢ and osteoi nductive factors to the graft site.

[Slide.]

Finally, Interpore is particularly interested in
the panel's comments regarding the follow ng issues. One is
t he consequences of premature bone void filler resorption.
The second, in doing clinical studies, |ooking at the
et hical practice of obtaining bone biopsies.

O her issues to be considered are whet her bone
void fillers should be approved by the site indication or
sinply by the type of bone they are intended to repl ace; for
exanpl e, where we di scuss bone void filler for acute
nmet aphyseal defects versus a cancel |l ous bone-graft extender.

Lastly, your comments on the | ong-term assessnent
of nmechani cal strength endpoints; for exanple, issues
concerning human clinical versus aninmal test requirenments in
terns of assessing nmechanical strength.

In closing, | would Iike to thank the panel and
t he Food and Drug Adm nistration for the opportunity to make
this presentation. | would be happy to answer any questions
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that you m ght have.

[Slide.]

Finally, the last slide here discusses sone prior
art regarding bone void fillers and concerns wi th bone
mat eri al s.

Thank you.

DR. HANLEY: Thank you. | was expecting Jul es
Verne to cone up there.

| s there anyone el se who wi shes to address the
panel ?

If not, we will now proceed with the discussion
and study design and efficacy endpoints for clinical trials
utilizing bone void fillers. At the conclusion of these
presentations, FDA w || pose a nunber of questions to the
panel for discussion concerning the issues at hand.

We have four presentations this norning. The
first presenter will be Dr. Gary Friedl aender who w ||
present an overvi ew of bone renodeling cycle and clinical
applications of issues related to bone grafts.

Dr. Friedl aender

Open Sessi on
Bone Void Fillers
Overvi ew of Bone Renodel i ng Cycl e,
Clinical Applications and Issues Related to Bone Grafts
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DR. FRI EDLAENDER. Good norning. Thank you very
much, Dr. Hanl ey.

[ SIides.]

What | would like to do in the next 20, 25 m nutes
is share with you the concept that bone grafts undergo a
predi ct abl e sequence of events, that those events are a
partnership between the graft nmaterial and the host in which
they are placed, and that there are sonme issues about the
clinical applications that influence success.

Let nme begin by remnding all of us that we are
tal king about a very special material, a tissue that
regenerates. This spectrum of regeneration includes the
fact that bone maintains itself in a honeostatic sense,
normal ly; that is, it avails itself of this regenerative
capacity during fracture repair, and that these sanme basic
principles apply as well to graft incorporation.

[ Slides.]

The reason for this, the common denomi nator, is
the renodeling cycle. It has been described in various ways
but, basically, involves a circular sequence, or a
conti nuous sequence, of events that includes inactivation
process, undoubtedly with signalling, at the nolecul ar
level. This is a cellular process.

It then noves through a resorptive phase, a

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

reversal of activity and then new bone formation. In an
ongoi ng sense, this is, in fact, circular.

Just to very briefly tal k about these stages, the
activation events are generally attributed to a cascadi ng
sequence of very special nolecules that are collectively
menbers of the TG--beta superfamly. | don't nean to be
i nclusive nor do | have the knowl edge to tell you exactly
how al |l these nol ecul es work and i n what sequence.

But there is no question that bone norphogenetic
proteins play a major role in activating and nai ntai ni ng
this process and at |east two of these nol ecul es have been
extrenely well characterized and are being scrutinized for
their use clinically including OP1, BMP7 and BMP2.

[ Slides.]

After this nolecular button is pushed, we then see
t he appearance of these large nultinucleated giant cells on
t he bony surface. They attach to the preexisting matrix
t hrough a wel |l -defined process. They have nenbrane punps
that allow these cells to control the environment between
their cell nmenbrane and the underlying matrix in a fashion
that | eads to bone resorption and a | acuna, Howship's
| acunae.

There is sonme reason to believe that this process
al so | eaves a signal that causes the attraction of the
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cuboi dal cells or osteoblasts that then Iline the surface of
this matri x, elaborate osteoid. That osteoid becones

m neralized engul fing sone of these osteoblasts. They
becone osteocytes and their responsibility is, then, to

mai ntain this very special matrix which we call bone.

[ SIides.]

This is a picture of this process in its relative
entirety on a single surface with an activation signal
occurring causing the attraction of differentiation of an
activity of osteoclasts, a reversal phase, and then new bone
i's made.

From our point of view, the benefit is that this
causes the existence of this tissue called bone, and a
tissue that is constantly undergoi ng honeostatic change.
| mportant to many of our clinical applications is the anount
of bone, or the mass of bone. That nmass of bone can be
identified and I"'msure we wll talk nore about how to do
that | ater.

But that is very inportant in its mechanical
integrity and the purposes for which we use it. This mass
of bone, as you have been watching it on this slide, has not
changed at all. The reason is that the mass is a reflection
of the resorption activity |I just described and the new bone
formation activity.
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As | ong as those are equal and synchronous, the
mass of this bone will not change, whether those processes
are addi ng normal rate, however we choose to define that,
whet her they are increased as |long as they are synchronous,
or decreased. In fact, on this slide, they are decreased to
zero and the nass of bone on this slide will never change,
no matter how |l ong we watch it.

[ SIides.]

That |l eads to the notion that it is inportant to
understand the nmass of bone and it is equally inportant to
under stand because it affects its biologic and its
mechani cal properties, the speed at which this synchronous
repair or, at tinmes, dyssynchronous repair, occurs.

This can be acconplished in a nunber of ways, one
of which is described as hi stonorphonetry which I show here
in a static phase and in a nore dynamc sense. |In a static
phase, it is possible to quantitate the amount of the bone,
to measure the length of surfaces within a specinen, to
identify the thickness of those trabeculae, if you wll, to
identify the percent surface area that is covered by
osteoid, the osteoid thickness, the percent of osteoid that
is covered by osteoblasts, the nunber of osteoclasts, and
the area of those Howship's | acunae.

A lot of information is readily available for us
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to understand and quantitate bone. In a dynam c sense, how
fast bone is being turned over is also a matter that is
accessible. In this case, this particular |aboratory ani mal
vol unteered to have its bone formation | abeled with a
fl uorochrone.

Over 30 days, tetracycline |abeling, you can see,
i s obvious but not conpletely uniform Over a shorter
period of time, pulses of fluorochrone incorporated into the
hydr oxyapatite crystals can al so be acconplished and
measured. So we can define how many mles per hour bone is
bei ng forned.

Agai n, that becones inportant in its biologic and
its mechani cal properties.

[ Slides.]

Clinically, we use bone in a nunber of ways, as |
Wi ll describe in a nonent. But, during the everyday |ife of
our patients, we treat themw th a variety of nodalities
that influence this honeostatic process. Again, in the
context of today's need to understand this context if we are
going to evaluate it, I would just offer a few suggestions
as to how we influence the bone renodeling system sonetines
on purpose and sonetines inadvertently.

Certainly, patients who are undergoi ng
chenot herapy or receiving any drug that influences the
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met abolic activity of cells in general wll influence those
cells that we have spoken of, the osteobl asts and
ost eocl ast s.

In this particular study, for exanple, it
reflects, in a very qualitative fashion, aninmals that have
recei ved either nethotrexate or adrianycin over about a
four-nmonth period of tinme. It is not at all a surprise that
t hese drugs, which act in different ways and reduce the
nmetabolic activities of these cells by different nechani sns,
reduce bone formation and, in fact, reduce bone resorption.

Bot h the osteocl asts and osteobl asts are
susceptible to these netabolic antinetabolites. In the case
of adrianycin, after four nonths, bone volune is nornal.
But, as | explained, as long as these influences are
synchronous, bone vol une doesn't change and the naive
interpretation of using bone volune alone m ght |ead one to
suspect that adrianmycin had no influence upon bone as a
tissue.

That woul d be remarkably incorrect since these
activities are reduced by approximately 50 percent of their
normal speed. |In the case of adrianycin, its influence on
ost eobl ast and osteocl ast is negative but dyssynchronous.

It is the dyssynchrony between these suppressions that
results in a |l oss of bone volune and bone in the attacked
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skeleton in this particular |aboratory circunstance is not
as strong as it is normally.

Parenthetically, this bone is not as strong, under
certain circunstances, even though the mass is normal. W
can tal k about that later during the discussion.

| just wanted to point out that there are other
things on the |ist before we leave it that we do to people
and to | aboratory animals that simlarly influence the way
the skeleton maintains itself. Sone of those things are
potentially as sinple as drugs such as antiinflammatory and
non- st eroi dal drugs.

We al so know electricity plays a role in the way
bone i s maintained.

[ Slides.]

Let nme nove ahead through this spectrum of bone
regeneration and just pay lip service, if you wll, to
fracture repair so we can get on to the discussion of bone
grafts. But fracture repair ends in a renodeling process.
It is identical, froma physiologic sense, to the nechanisns
we have al ready discussed, or | have discussed and,
hopeful l y, you have |istened.

It begins with an injury. That injury leads to
sonme necrosis, sonme inflammtion, the devel opnent of a
fibrovascul ar response, the recruitnment of cells in a gl obal
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sense. | amnot trying to differentiate recruitnment from
proliferation and differentiation events. Oten, it
involves a transition through cartilage to bone that is then
r enodel ed.

[ SIides.]

This is an inportant set of events, but let ne
|l eave it as quickly as | described it so we can talk,
really, about bone graft incorporation, per se, which,
simlarly, undergoes a sequence of events that you could
describe with various terns but begins with an inplantation,
requires the participation of cells, includes tw very
I nportant processes, one or the other or both,
ost eoconducti on and osteoi nduction, and then mai ntenance of
t he bone that has been repaired or renodel ed.

Gst eoconduction, this group knows very well. It
i S a passive phenonenon but an inportant passive phenonenon
wherein a tenplate or scaffol ding effect provides a stage
upon whi ch these events occur as opposed to osteoi nduction
whi ch | choose to nmean this phenonenon plus the biologic
signals that encourage it to happen.

[ Slides.]

Critical to understanding bone graft repair is the
concept of a partnership. This process wll not work
wi thout this partnership intact. The graft has the
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opportunity to contribute cells. It nay or may not. And
they may or may not be viable cells or fully functional
cells.

They tend to be a small part of the contribution
of the graft. The graft clearly wll provide an
osteoconductive trellis or framework for these events and,
under some circunstances, the biologic signhals to nove this
process ahead in an active fashion.

The host, a critical nenber of this partnership,
will provide all of the blood vessels, except under sone
very special circunstances, that eventually populate this
graft material and, by and large, nost, if not all, of the
cells that are going to be inportant in honeostasis and
renodeling, as well as repair.

[Slides.]

W wi Il be perpl exed throughout the rest of today
and, | suspect, nmaybe even beyond 3 o'clock, by the fact
that, as we change the prototype of graft incorporation, we
change the way in which the events, in fact, occur.

So |l will spend ny tine tal king about what is
traditionally called a non-vascul arized graft which is a
totally false concept but ingrained in our literature. By
that, | nean, a graft that is not immedi ately anastonosed to
its bl ood supply.
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| will talk about a fresh graft. | wll spend a
little bit of tinme tal king about both cortical and
cancel l ous tissue, autogenous in nature, and placed in a
skel etal site.

I f you vary any of these characteristics, you wll
have sone inpact on the way this process unfolds. The age
of the recipient, we know, nmay have sone influence. The
size and the shape of the graft may have sone infl uence on
t he speed of repair.

The way in which we load this graft nechanically
will influence the repair process. |If we pretreat in ways,
that nmay al so have sone influence. W are not going to
spend a lot of tinme on allografts and xenografts, but,
clearly, the m smatch between major histoconpatibility
factors could also play a role if we are tal ki ng about using
t hose types of materials.

[ Slides.]

| amjust trying to lay out for you the set of
very conplex interacting variables in this process. There
are differences, in fact, between cortical and cancell ous
bone by their nature, by their architecture, that relate to
the rate at which these tissues revascularize with
cancel l ous tissue having a very open structure that invites
revascul ari zation far nore quickly than is apparent in
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cortical bone. By npbst accounts, the conpleteness of repair
in cancellous tissue is nore so than it is in cortical
tissues.

So, let's turn to these events in graft
i ncorporation specifically recognizing that whether we are
tal ki ng about cortical or cancellous tissues, it begins with
the inplantation event, the presence of a hematoma. There
is sone cell necrosis inevitably that |leads to inflammuation
foll owed by a fibrovascul ar response as part of which cells
are recruited.

[ SIides.]

Looking first at cancellous materials, using the
nodel described by Drs. Heipel and Herndon and pursued at
Case Western Reserve where a cancel |l ous plug of the distal
femur, in this case, of a dog, was placed in a critical
sized defect, if you will, a defect that would not heal in
the ulna of a dog. It could be the sane dog.

In this case, we are tal king about an autograft.
Junction of the ulna, the host site and the cancellous graft
at up to one week, we will just the hematoma, the
mai nt enance of the pre-existing cell structure, perhaps in
the marrow. It is with tinme that we see the process of
fibrovascul ar response emanating fromthe host, noving into
the graft.

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

There is necrosis of the marrow el enents and then,
over time, and this time franme is about three nonths in this
particul ar case, we will see the addition of new bone
formation on top of the preexisting trabecula which would be
identified under higher power by the absence of cells within
t hose | acunae.

Wth time, with renodeling, the anount of
preexi sting bone di m ni shes and, perhaps, could be
conpletely renoved at an endpoi nt.

[ SIides.]

In cancel l ous tissue, we have a bit of a different
circunstance. That fibrovascul ar response still is
inmportant, still occurs and still is the source of the cells
that are going to be involved in the repair and renodeling.
They will find their way into preexisting canals in cortical
bone.

This is a Vol kman's canal because it is
per pendi cul ar as opposed to a haversian system but both are
avai |l abl e, preexisting, acellular graft material, if you
will. At the periphery of this graft, osteoclasts wll
appear that will begin to renove preexisting bone.

[ Slides.]

As these cells work their way into the substance,
t hese osteoclasts into the substance of the cortex, they
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wi Il also renove bone, w dening out these channels.

Here, a bl ood vessel has entered the cortex. Here
t he osteocl asts have renoved sonme preexisting matrix. Here,
osteoblasts that follow in a secondary wave, an inportant
secondary wave, are beginning to replace the resorbed bone.

[ SIides.]

In cross section, it may well look |ike this where
you have interstitial |anellae of preexisting bone and
ost eones of new bone wherein a bl ood vessel has entered,
resorption has occurred and new bone has been | aid down.
This process may well plateau with far | ess than conplete
repl acenent of the preexisting matrix.

That may be conpletely conpatible, however, with
t he biol ogic and the nechani cal functions for which we
choose this graft material.

[ Slides.]

This is ny only side of bionechanics. Wat it is
here to describe is the fact that this material has a
certain nechanical property, no matter how we choose to
define it. |If the first thing you do is take away sone of
the bone, it loses strength. That strength does not return
towards baseline until we add back to it this new bone
formation.

That is a secondary event. As clinicians, we need
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to remnd ourselves that this is not a mstake. This is the
way the system was defined, described and will happen. W
have to inplant these materials and that is going to becone
inmportant as | switch to ny next thene.

It is inportant to plan for this physiol ogic,
normal change in strength over tine with the expectation

that, at sonme point further on, it will return back towards

basel i ne.

[ SIides.]

| have described for you autogenous bone-graft
repair. | have also actually described for you all ogeneic

bone-graft repair. There are sone quantitative differences
but it uses the sane systemof cells and the sane types of
events, perhaps at different rates, speeds, and conpl eteness
of repair. Nonetheless, the events are simlar. For
brevity, | amgoing to leave it at that.

Xenografts, in the past, have not had as good a
clinical track record as we see with allografts and,
certainly, with autografts. | believe that we are upon an
era in which we can identify some of the reasons for these
failures, if you will, and are rapidly approaching a
position in which we can resurrect, literally, the use of
xenogenei ¢ tissues by adding back to themthe things that
were mssing in the past.
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| also nentioned, and this is for conpl et eness,
that it is possible to circunvent sone of the issues | just
spoke of in terns of the tinme frame by immedi ately
reanast onosi ng a bl ood supply. W only have that
opportunity today, practically speaking, with autografts and
we only have that opportunity where the bl ood supply is
sufficiently discrete and the bone, itself, is sufficiently
useful. That tends to be the fibula, the ribs and portions
of the ileac crest as we know t hem t oday.

[ SIides.]

We had a treat to early literature but | am going
to go back even further. Bone grafts have been used for an
enor nous anount of tinme and I would submt successfully, as
this first report indicates. "And God caused Adamto fal
into a deep sleep and took fromhima rib."

Over the few years intervening, we have learned to
repair and replace a wide variety of clinical disorders and
circunstances related to the nuscul oskel etal system \Wiile
it was often done enpirically, and the science is not even
fully caught to today, it is an enviable and proud history
for us to work fromand add to.

[ Slides.]

Let nme give you a couple of exanples of what has
gone on in the past and what | think will be our chall enges
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today and into the future.

| am showi ng you a cystic defect in bone. This
could be, although it isn't, a unicaneral bone cyst, an
aneuri smal bone cyst, a surgical defect for sone other
reason. It happens to be fibrous dysplasia. It is a
ci rcunst ance that weakens the bone.

It tends to do so in young people and it tends to
be a problem because it leads to fracture. It doesn't
spread. It doesn't netastasize. But it weakens the
skel eton and that is perceived as a problem

It is traditional when it weakens bone to sone
degree, and | apologize for using qualitative terns, but to
sone degree. A decision mght be nade to eradicate this
weakness by renoving the process, generally through
curettage. Again, this could be a unicaneral bone cyst or a
beni gn cyst.

Then we are left with a hole and this urge to put
sonething init. It that context, et ne nention that in
uni caneral bone cysts or many of these holes in bone, the
l[iterature, again, perhaps, not done as rigorously as we
woul d i ke, but certainly |leads to the inpression that these
holes in bone will repair spontaneously to a |arge degree
and the rate at which we successfully resolve this clinical
dilemma is less related to what we put in it and nore
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related to how well the surgeon renoves the underlying
pr ocess.

| amgoing to get back to that theme. Wat | am
pointing out is that the frequency at which these cystic
| esi ons heal appears to be the sane--the frequency; | am not
tal ki ng about the speed--the frequency appears to be the
sanme whet her we use autograft, whether we use allograft that
is frozen or freeze-dried, or whether we use, and | used to
say plaster of Paris pellets because that is the way it was
described in the report.

But, in fact, today, we have a variety of bone
void fillers that, | suspect, will respond simlarly. There
IS even a series where nothing was placed in these defects

and the frequency at which they repaired is the sane. The

speed varies. It is because it is nmy job to conplete renove
this process, not how well | pack it or with what | pack it.
For many years, | used to be called and asked how

tightly to pack the bone graft material in these defects
because it recurred. Wuen you see a little area that fails
to have bone graft in it imrediately after the procedure, it
is not because you have failed to pack these crunbs of
inmportant material in the extense of the lesion, it is
because you left sonmething behind and it prevented it from
being filled with the bone graft material.
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So it is unfair to blame the bone graft for all of
the recurrences that we see in this clinical circunstance.
That is ny point.

[ SIides.]

Just to nake the dilemma even nore crystal clear,
or less crystal clear, depending on your point of view, this
is a fracture that was closed that failed to heal. That
happens. This is a fracture that was then plated with
1970's netal and sonme autograft and it failed to heal. That
happens.

This is a fracture that was then plated with
autograft plates of cortex and it failed to heal. And that
happens. | had the luxury of sitting in the Navy's tissue
bank when a request canme in for sone cortical plates of
all ograft which I supplied. That was ny job. This heal ed.
And t hat happens.

Way? | couldn't give you a clue. Perhaps it was
time, and I amnot saying that this fracture would only heal
with allograft freeze-dried plates fromthe Navy tissue
bank. It was interesting to nme because, as a buddi ng
scientist, | knew the tissue type of this graft and of the
patient and this was one of 20 percent of the patients in
this series of 50 that becane sensitized to the HLA anergins
of the donor graft and, like the other six, went on to a
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successful clinical resolution of the problemfor which the
graft was used.

[ SIides.]

Mot orcycl e rider, segnmental defect. W would
treat this in a nunber of ways today and not have a
consensus about the best, | suspect. In the md-70"s, one
of the nore popul ar ways was to take a segnent of all ograft
for this particular circunstance.

| think you can see that we are asking this

segnent of bone graft to do sonething different than fill a
cystic defect. That, again, | think is a theme we wll cone
back to. It had to be chosen and inplanted in a way, and |

would inplant it differently today and fix it differently
t oday- - but those considerations have to be taken into

account in this specific clinical situation--

[ Slides.]

--as inthis. | think | amgetting to the end of
my clinical review here. This is an aggressive tunor. It
happens to be an aggressive giant-cell tunor. It could be

any of a variety of other aggressive |lesions that the
surgeon decided required its total renoval.

Over the last 20 to 25 years, we have been treated
to the opportunity to be able to resect these lesions with
t he advent of superb chenot herapy and superb i magi ng
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techniques that allow us to be nore specific about what we
renove.

Here, it has to be reconstructed. It can be
reconstructed in a variety of ways including netal and
pl astic and including here a biologic replacenent which is
an allograft. This is one of the reasonable ways in which
we can proceed.

[ SIides.]

Again, we can tal k about the characteristics of
that graft and what is inportant to its clinical success.
Let me remind you that it is a partnership between the host
and the graft. The host will provide all of the bl ood
vessels and nost, if not all, of the cells. The graft wll
provide the trellis and, in many circunstances, may have an
opportunity to actively signal the ingrowh of these vessels
and cells.

This al so neans that, as clinicians and as
scientists, we have several areas in which we can fail as
wel | as succeed based upon host and graft factors. Let ne
outline for you, especially, the I ocal host factors which
interfere with clinical success in the hopes that this wll
be useful as we design our ongoing clinical studies.

[ Slides.]

My favorite local factor is
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pol ynet hyl net hacryl ate. As | have said for the |ast 20
years, now matter how hard | pray and in what | anguage,
have never seen pol ynet hyl net hacrylate heal. [|If you put it
bet ween the surfaces, or between two portions of the

skel eton that you want to heal, it wll not happen.

We have to remenber, as marvelous as this materia
is, it does not repair. You have to define what it does and
use it for what it does. |If you put in between the ends of
two bones that were fractured or resected, it is unlikely to
heal. 1In this case, the |lesion that was resected and
repl aced with pol ynet hyl net hacrylate and for which a rod was
i ntroduced went on wth slow fatigue to fail.

[Slides.]

Unfortunately, this person got angry at the person
that made the rob. That, | think, was inappropriate and it
is not the fault of this material. The rod did what it was
supposed to do and the pol ynet hyl met hacrylate did what it
was supposed to do. But it was an inappropriate conbination
for this particular goal of union of the bone.

We know that infection is not an absol ute
contraindication to bone formati on and resorption but, in
general, and in its extrenes, it nmakes the repair process
different. | think that is clear.

[ Slides.]
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| want to harp on this one point, and I am w ndi ng
down now, believe it or not, that the nature of the host
site is critical to the end result. |If the host site is
programmed to make osteosarcomm, if that is what it is
doing, the cells that are recruited locally to replace the
bone graft material have already nade a decision to nmake
ost eosarcoma. No surprise.

I f these local cells had been preprogramed to
make fibrous dysplasia, it is very likely that you are going
to see the bone graft material, regardless of how good it
is, again replaced wth fibrous dysplasia. | think we
really nust keep that in mnd as we nove ahead in designing
our studies.

[ Slides.]

In terns of the use of bone graft material and the
need for a blood supply, we frequently place bone grafts
around inplants. The bone graft is not going to obtain its
nurturing requirements, its blood vessels and its cells,
from either polynethyl nmethacrylate, plastic or netal

So if a bone graft, in association with a netallic
inplant, is to succeed, it nust have another route by which
it obtains its blood supply and its cells. | think by now
that is self-evident.

[ Slides.]
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Let nme just buzz through sone of the other things
on ny list. Irradiation, we know, influences the
characteristics of the local small blood supply, small bl ood
vessel s, and, nore so, the cells. Surgical technique, as
Hal stead told us, simlarly influences the quality of the
ti ssue and cannot be ignored.

[ SIides.]

O her graft factors represent |ocal events. The
way we preserve it, the way we size it, shape it, infect it,
load it, also have an influence on the events of bone graft
i ncorporation as do the system c issues of chenot herapy,
drugs and, perhaps, even the imunol ogy.

[ Slides.]

This is a junction of a bone graft in the host
skel eton done in two cases by the same surgeon using the
same technique and, in one case, beautiful repair at 12
mont hs and, in the other case, clearly a non-union. These
are allogeneic inplants, and we very frequently turn to the
i mmune system as the source of reason and rational e
explanation for failure. |In fact, that nmay be true.

[ Slides.]

Let me end where | started by expressing ny
opi nion that bone grafts and those substitutes we use for
bone grafts will undergo a predictable sequence of biologic
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events. It is a cellular circus, if you will, and these
cells are nodul ated by a variety of very, very inportant
factors which emanate, in many cases, fromcells other than
t he osteobl asts and osteocl asts, but the | anguage that they
use to speak to each other is nediated by nol ecul es.

[ SIides.]

The sequence of activity is influenced by a
variety of events at the recipient site and systemcally.
We know that there are a wide variety of clinical
applications that have been associated with successful use
of bone graft and bone graft substitutes, and | hope that |
have pointed out for you that, in many cases, the reasons
for failures are conprehensi bl e, are understandabl e.

[ Slides.]

As we nove ahead in our clinical arena, we nust
not forget that we do have enornous know edge and potenti al
i n understandi ng these events at a biol ogic and
bi onechani cal | evel

That is where | will leave it for right now.
Thank you.

DR. HANLEY: Thank you.

Speaker No. 2 is Dr. Mchael Yaszenski. He wll
speak to us in tissue engineering of bone and bone products.

Ti ssue Engi neering of Bone and Bone Products

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

DR. YASZEMSKI: Good norning. Wile ny slides are
being put on, let ne say hello and thank you for the
invitation to speak.

[Slide.]

My charge and ny topic today is tissue engi neering
of bone and bone products. Now, the panel discussion today
is on bone void fillers. Although the use as bone void
fillers is one application of tissue engineering of bone and
bone products, the entire field enconpasses ot her
applications, as well. And we will get into those as we go
on.

[Slide.]

| thought | would start by trying a definition of
ti ssue engi neering because, as an engineering discipline, it
is relatively new | have been a chem cal engineer for 20
years now and, for nost of those years, the words "tissue
engi neering” were not in the engineering |exicon.

It has energed over the past few years. | think,
as a definition, I wll offer that tissue engineering is the
formati on of new tissue by cells when those cells are
supported on an appropriate scaffold and supplied with
nutrients. That scaffold may be natural scaffold. It may
be a polyner. It may be a ceramc

[Slide.]
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As tissue engineering evolved, as best | can tell,
| think that the initial finding that led to this branch of
engi neering was a denonstration in 1974 that macronol ecul es
coul d diffuse through porous polyners. Up until that tine,
it was thought that anything of a macronol ecul ar size, if
encased in a polyneric material, would be imobilized and
woul d not nove through the nmateri al

Wth the denponstration that novenent was possible
t hrough polynmeric materials of macronol ecul es, subsequent
work led, then, to work with the interaction of cells and
polymers. This culmnated in the formation of a new
society. The Tissue Engineering Society is new this year
and had their inaugural neeting |ast Decenber.

[Slide.]

There is a research activity in orthopedic
surgi cal applications that includes several things other
t han bone. There is work going on cartilage and tendon and
| i ganment .

In addition, there are non-orthopedic
applications. For exanple, there is work being done on
neo-trachea, neo-liver, neo-pancreas, neo-intestine. For
t he purposes of today's discussion, we will limt our focus
to bone.

[Slide.]
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In general, as Dr. Friedl aender went over, for
bone regeneration, several things are necessary. an
ost eoconducti ve scaffold that the cells recognize and wl|
attach to; cells, whatever |level of differentiation they are
when they start toward the process of naking bone; and
grow h factors that are present spatially and tenporally in
the correct sequence to encourage this bone regeneration to
occur .

[Slide.]

For tissue engi neering applications, for
scaffol ds, people have used a variety of materials;
synthetic polyners, ceram cs and natural polyners have al
been used. An exanple of a natural polyner would be a
col | agen sponge onto which growmh factors or cells are put.
Ceram cs; two very popul ar ones are the hydroxyapatite and
beta-trical ci unphosphat e.

Synt hetic polyners are polyners that have, in
their structure, sonething that can cause themto degrade,
by and | arge. Exanples are the pol yanhydri des, polyesters
of various sorts, polyorthoesters, particularly the
pol yet hyl hydr oxyesters. PGA and pol yl acti c aci d--rat her
pol ygl ycolic acid and their copol yners have received a | ot
of attention.

[Slide.]

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

The basis of the degradation for the scaffold, and
| mght step back just a second and tal k about why the
scaffol ds have to degrade. As you heard, again in Dr.

Friedl aender's talk, this sequence of bone formation
progresses through rather predicable stages. Just as you
saw in the slide with the nmethyl nethracrylate, where the
persi stence of the methyl nethracrylate will prevent that
process from happening, the interaction of the scaffold with
the cells and, hence, the new bone, occurs in such a way
that it is better if, over tine, after the scaffold does its
job, it goes away and |lets the bone renodel.

The basis for much of the scaffold resorption is
hydrol ysis of an ester bond, or hydrolysis of an anhydride
bond. Wen the scaffolds are nmade in the | aboratory, they
are made such that they are far fromequilibrium Mst of
the reactions that make pol yesters, pol yanhydri des,
pol yphosphazi nes, |ike to be nononer, if you will.

They like to be in the small-nolecul e stage. One
has to trick themby a variety of nethods such as the
excl usi on of oxygen, renoving the products of polynerization
and, in sonme cases, a water nolecule, and keeping themin
that stage until they are put back in the body.

Then, once they get into the body and are exposed
to water, under a variety of influences such as their
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rel ati ve hydrophobicity or hydrophilicity, they wll
interact with the water and the water will take them back
toward equilibriumwhich is the nononeric state.

[Slide.]

We have tal ked about scaffolds a little bit. The
second conponent of scaffolds cells and growh factors are
the cells. In tissue-engineering strategies to nmake bone,
the cells can be a variety of cells and they can cone froma
vari ety of places.

Along the Iine of differentiation fromcells in
the marrow up to osteobl asts, these can be harvested. They
can be grown on the polyners in the I ab and then put back
into the host at the tinme of bone regeneration in the
expected site.

On the other hand, the scaffold, itself, can
sinply be put in and the source of cells can be the body.
The strategy in that case is to encourage the cells to
mgrate froma position in the body to the scaffold and
begin to effect their phenotypic function.

[Slide.]

Now we will talk about the third conponent of
scaffold, cells and growh factors, and that is the growh
factors. There are a variety of themthat are thought to be
involved in the bone regeneration process, sone nore clearly
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el uci dated than others. But they have to be delivered
sonehow to the site.

They can be delivered again in a variety of ways.
They can be delivered fromthe scaffold or froma secondary
carrier. | will talk about secondary carriers in a little
bit. They have the requirenent of being inmobilized at the
regeneration site.

One can include themin a carrier, deliver it to
the regeneration site and then the carrier, perhaps, gets
carried away wth bl ood vessels or diffuses away, and the
nol ecul e that is needed to direct to formation of bone is
not available at the site.

Three that conme to mnd, | just nentioned. As I
said, there are a host of them But nany investigators have
done quite a bit of work with transform ng growh factor
beta, 1 and 2; basic fibroblast growh factor and a variety
of bone norphogeni c proteins.

[Slide.]

| mght also nention, with delivery of the growh
factors, sonme strategies have the growh factors delivered
locally; that is, they, perhaps, wll put the scaffold
and/or the scaffold and cells in a |local site and depend
upon a |l ocal presence of growth factors, either because the
site is at the correct stage of normal fracture repair that
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the gromh factors would be there or that growh factors
that are indigenous to the area of the regenerated site wll
be depended upon to guide the process.

[Slide.]

| think that the essence of the so-called
ti ssue-engineering strategies are the scaffolds so | would
like to spend a little bit of tinme tal king about them As
we di scuss devices, tissue-engineering strategies to
regenerate bone, be they devices, may include scaffolds
al one and depend upon the host to deliver their own cells
and deliver their own growh factors or they may deliver
cells, growth factors and a scaffold in which instance, the
grom h factors, perhaps, have cone fromthe host or have
been synt hesi zed, or have conme from sone ot her host.

The cells may have been previously harvested from
t he host and expanded in the | aboratory which brings up the
poi nt for discussion that nuch of what we are tal king about
in the bone void filler area is avoiding a secondary
surgical site and avoiding a second operation or a second
i nci si on.

But, for sone of these strategies, to get the
cells, one is going to have to harvest themat a separate
time fromthe tinme of reconstruction in some fashion or
other, be it by bone-marrow bi opsy or an open procedure, to
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get cells, separate them out and grow them on the scaffolds
in the | ab.

The scaffolds fall into several categories;
pol ymer foanms seemto be the nost popular. There is great
design flexibility and one can synthesize and desi gn new
pol ymers and then process theminto a variety of shapes to
serve the functions that are needed.

Porous ceram cs; again, the hydroxyapatite and/or
trical cium phosphate. In addition, in sone applications,
one finds a porous ceram c in conbination with a polyner
foam such that the polyner foamis then a
particul ate-reinforced structure usually with the thought
that the reinforcing ceramc wll provide both sone
structural strength to the foam and an osteoconductive
matri x that the cells will recognized.

Col | agen foans have al so been used, and there are
sonme studi es going on where growh factors are placed
directly, for exanple, in a bovine collagen foamand the
delivery of the growth factors, then, is effected by placing
the collagen foamin the area of regeneration.

An exanpl e woul d be a posterol ateral
i ntertransverse spinous-process fusion with a bovine
coll agen foam |l aid across the transverse processes in which
the goal is for the two transverse processes to effectively
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fuse together and beconme one. A growth factor is dripped
into the foamw th the hopes that that growth factor wll
then be delivered fromthe foam

[Slide.]

When tal ki ng about pol yner foans, several
properties of the foans conme to mnd and, | think, are
rel evant to discussion. One is the degradation. Again, we
depend upon the foans to degrade so that the bone,
hopefully, if and when it forns, can be allowed to renodel
along the lines of the stress fields it finds itself in
wi t hout having the polynmer in the way.

The degradation is thought to be nostly, for nost
of these degradable polyners, via hydrolysis. There is sone
evidence in the literature that there is enzymatic
degradation of sonme of these polynmer foans. There is
evi dence that proteins attach to them

Secondly, porosity and interconnectivity are two
features of the foans that are often under investigation.
They are sort of two edges of a sword, if you will. The
foans need to be porous so that there are spaces inside them
for cells to attach and for bl ood vessels to grow in and
supply the cells with nutrients.

However, every increase in porosity is traded off
by a decrease in strength. For bone void filler
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applications of these polyner foans, cells and growh
factors, when the patient needs to get on with their
rehabilitation, it is desirous that the construct have a
certain strength and that we can get on with the rehab of
t he patient.

That strength initially has to be supplied
entirely by the device. As bone and vessels grow in and the
devi ce degrades, the nore porous the device is initially, in
general, the less its strength is initially and, perhaps,
the nadir of strength during degradation and bone ingrowh
m ght be | ess than is necessary for the nechanical function
of the part.

Cell attachnment. Osteoblasts are
anchor age- dependent cells. They nust attach to the pol yner
foamto express their differentiated function. And, to a
variety of the polyner foans that have been used,
ost eobl asts seemto attach well.

Strategies are available with polyner foans to
enhance that. Sonme of the strategies, for exanple, include
chem cal derivation of the polyner foans. It is possible,
and it has been done, to covalently bind peptide sequences
that are cell-attachnment recognition sequences to pol yner
foanms and have them present on the surface in an effort to
enhance the attachnent of osteoblasts to them
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devi

[ SIide.]
| think | would like--since this is the formfor

ces and testing and evaluation, | wanted to touch

briefly on testing of tissue-engineering constructs,

devi

and

synt

ces, if youwill. | will separate theminto in vitro
in vivo.
For nost of these constructs, they involve the

hesis of a novel polyner. Like any new material, it

needs to be characterized. So nuch of the in vitro analysis

deals with nethods of synthesis and characterization.

Alternate routes of synthesis that nay or may not use

di ff

erent solvents, different catal ysts, are explored

because, in general, the solvents and catalysts, if used,

have to be renoved prior to thinking about using these in

Vi vo.

what

We need to characterize themto find out exactly

is in themchemcally after we nake them and before we

t hi nk about using themin vivo.

t he
part
t est
basi

in,

Mechani cal testing, since we are trying to repl ace
mechani cal function of a skeletal part, is an integral
of the in vitro analysis of scaffolds. The nechani cal
ing can be done in several different ways. On a nore
c scale, the polyner, itself, can be tested. Polyners
per haps, filament formcan be tested via dynam c
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mechani cal analysis for their tensile properties
irrespective of the properties of the structure into which
they are made when they are processed.

However, those structures are then tested and the
pol ynmeric structures can be defined by such things as their
conpressive strength, their bending strength, their
conpressive and fl exural nodul us.

Al so, they are typically, or frequently, | should
say, placed in sinmulated in vivo environnents and allowed to
degrade and then degradation profiles are obtained to assess
that, in the absence of ingrowth and vessels and cells, what
is the strength history of these as they are exposed to
hydr ol ysi s.

O her in vitro studies that occur with nost of
t hese novel polyners are studies of cell attachnent, cel
proliferation, cell mgration on the polynmer either in a
nonol ayer or in a three-di nensi onal sense, an expression of
a phenot ype.

In the case of the osteoblasts that we are working
with, I amnot sure that, and perhaps soneone who is expert
could conme up and tell nme if there is a certainty about it,
but my understanding is it is very difficult to be certain
that a cell is, in fact, an osteoblast. And we check
whether it is an osteobl ast by checking whether it does what
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we expect an osteobl ast to do.

Thi ngs we can check are whether these cells in
vitro make type 1 coll agen, whether they nake osteocal cin,
whet her they synthesize cyclic ANP in response to
par at hyroi d hornone sti nmul us.

[Slide.]

In vivo, we want to see if it works. Dr.

Fri edl aender, again, nentioned the critical size defect. |
wll just say, again, that is a skeletal defect that wll
not heal in the lifetinme of the animal w thout sonething
happening to it.

Exanples of that are in the literature are
cal varial defects. These have been well|l described in a
vari ety of species. For orthopedic applications, however, |
think I will step up and say that it is probably nore comon
to assess a | ong-bone segnental defect. There are a variety
of critical-sized | ong-bone segnental -defect nodels for use.

As | nmentioned before, the differentiation between
ti ssue-engi neering strategies being bone void fillers and
bei ng used for other reasons; | think the |ong-bone
segnental defect spans both of these very nicely in that it
is a bone void. It includes both trabecular and corti cal
bone, but it is just a touch away fromreplacing a part of
the skeletal with a construct, a device, that is
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essentially, if you will, a bone nmade to order; that is, if
we can duplicate the geonetry and the size of a m ssing
pi ece of bone and see if we can encourage that to happen.

| put prevascul ari zation anal ysis down to
enphasi ze that sonetines the cells aren't all put inin the
| ab. We have found, for instance, in our owmn work, in the
m gration of osteoblasts on three-dinensional scaffolds,
there is a distance in fromthe surface past which we have
very much difficulty getting themto grow.

It is on the order of 170 to 200 mcrons. W find
on analysis, then, that the interior of these devices is
wel | vascul arized and filled wth typical granulation
tissue. Wiether the timng is wong and the osteoblasts in
the center die before the vascular supply gets in or whether
t he vascul ar supply and subsequent granulation tissue is too
abundant and fills up the avail able pore spaces, | don't
think I can say right now.

But sonme efforts are ainmed at a prevascul ari zi ng
scaf f ol dabl e and having them be fornmed in such a way that
they then can denonstrate or possess a porosity after the
vascul ar supply is in and before they are seeded with cells.
Several strategies are in effect to have scaffolds
prevascul ari zed and then subsequently seeded with cells
different fromthe in vitro pre-inplant cell seeding.
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[Slide.]
The three-dinensional matrix is what | just
di scussed. | nention the rib-bed nodel to enphasi ze again

that sonetinmes the scaffolds use host cells and host growth
factors. One of the tests we have done was to put a
scaffold on the periosteumof an excised rib bed in a sheep
nodel and cone back a little bit |ater

We have found, in this particular study, that the
scaffold, presumably supplied with growth factors and cells
by the periosteum agai nst which we put it, was well filled
wi th bone and that it had revascul arized, in this case,
since it was a rib bed, fromthe intercostal artery and
vei n.

That artery and vein were then available to
harvest wth the new pi ece of bone and transplant to a
different site. So, again, there are a variety of
conmbi nations of tissue-engineering strategies that range
from supplying gromh factors, cells and scaffolds all with
the device to sinply supplying the scaffold in a place and
in a tenporal fashion where the host can supply the cells
and growt h factors.

[Slide.]

Lastly, | want to comment a little on scaffold and
grom h factor interactions, for those cases where we m ght
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decide to supply the gromh factor with the scaffold. |
menti oned that BNP, for exanple, has been dripped into
col | agen sponges and then, subsequently, delivered from
t hem

Problems with growh factors in the
ti ssue-engi neering constructs are that one needs to keep the
grow h factor near the construct. Gowth factors have been
successfully put into m crospheres and the controlled
rel ease kinetics worked out; that is, the polyner
m crosphere, if it can be encouraged to degrade fromthe
surface, will slowy recede and the gromh factor that is
encapsul ated wwthin it can be delivered both by diffusion of
that growth factor through the polynmer and conbined with the
recession of the polynmer by its surface degradation.

The pol yner m crospheres, however, need to stay
where you put them If you sinply, for instance, sprinkle
themat the site where you want themto be, they are going
to diffuse away. They are going to be carried away with
bl ood and, then, your intended delivery of the growh
factors is probably going to be | ess than ideal.

Strategies include maki ng a three-di nensi onal
porous polynmer matrix into which the polynmer mcrosphere can
be trapped and/or attached via either electrostatic or
coval ent neans.
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So, once again, as we discuss the | oading of
grow h factors, we need to be cognizant of the fact that we
can put themin sonething and deliver them but we have to
also try to keep themat the site we want themto be at.

[Slide.]

In summary, let nme say that tissue-engineering
devi ces for bone regeneration wll |ikely contain sone
conbi nation of a polynmer or a ceram c scaffold, autol ogous
cells or growh factors. One of the questions that | have
heard conme up again and again as | was preparing for this is
do we call it a device or a biologic.

In certain instances, cells are harvested,
cul tured outside the body, expanded in nunbers, attached to
scaffol ds outside the body and then put back in. In sonme
i nstances, the growh factors are synthetically nade and
t hen put back in.

In sone instances, the cells and growth factors
are purely autol ogous and the only inplant is the scaffold.
| will leave that up to you experts to deci de what the
answer is. If | could offer ny own thoughts; my thoughts
are that it nore closely resenbles a device than a biol ogic.

Thank you for your tine and for the opportunity to
speak to you

DR. HANLEY: Thank you.
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Qur next speaker is Dr. Joseph Lane. He is going
to speak on ideal study design for experinental trials
utilizing bone void fillers.

| deal Study Design for Experinental Trials
Utilizing Bone Void Fillers

DR. LANE: Good norning. | want to thank Ed for
allowng me to conme here. This is nmy first time at this
kind of neeting and I amgoing to be a little nore casual
because | would like to engender a little discussion here.

[Slide.]

| was charged with the title, Ideal Study Design
for Experinent Trials using Bone Void Filler. | would like
to ask the panel to elimnate that term bone void filler,
because as we will go through the process, | can certainly
fill this with nethylnethracrylate and get rid of the void.
But, as we have seen by Gary Friedlaender, this is a totally
unaccept abl e nmet hodol ogy because unless it is

osteointegrated with the bone, ultimately, if the patient

lives nore than a few nonths, it will ultimately fail.
So, therefore, | think that if you are going to
get material, it really has to have a different goal. Its

goal, really, has to be osteointegration and play a
functional role with that bone.
It has to do it, in fact, better than doing
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not hi ng and, at |east hopefully, be as good as autogenous
graft.

[Slide.]

| keep using this word "filler,” but it makes ne
extrenely unconfortable throughout this discussion. But,
basically, what we are |looking for in any kind of materi al
that we place in are clearly osteoconduction, induction,
progenitor cells and structure.

Since this is a device panel, it has traditionally
been | ooking at that latter term "structure." | think we
have to take a | ook at the role of this conduction and
i nduction in cells because they will play a very critical
role and we nust have a user-friendly material which allows
this processes to take place.

Either it is going to have to provide it, itself,
or work in partnership with the |ocal environnment to achieve
t hat particul ar goal

[Slide.]

Let's go over this osteoconduction business a
little bit. The first thing that you have to recognize is
t hat bone, unless you are |ooking at cortical bone, is only
22 percent of the volune, and the marrow cavity is filled
with bone. Alnost 80 percent of it is filled by marrow in
ot her areas.
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So even if it were never renoved and took up 20
percent, it would be of little consequence to the bone
because the bone would bypass it. There is still plenty of
volune but if you put a material in there which takes up 60,
70 percent of the space and is not renodeled, this wll have
mechani cal probl ens.

But we are tal king, now, about trabecul ar bone.
We are not tal king about cortical bone. Cortical bone, on
the other hand, takes up all the space. |If you put in an
application where it is going to take and participate in a
cortical area, then that nust be integrated and nust be
renoved or not conpronm se a nechanical area.

So anatom cal location is absolutely critical; is
this a nmetaphyseal application, is this a corti cal
application, and, also, where is it in the particular bone.
W will get into things |like tension, torque, et cetera,
whi ch plays a very critical role.

It is on the surface in which osteobl asts--now,

t hese can be nesenchymal stemcells which ultimately form
osteobl asts, or it can be osteoblasts, but, if you don't
remove it, you are going to have to form a bony,
interdigitation with this material that is in a friendly,
useful way and go throughout all surfaces.

Now, if there are potential surfaces deep wthin
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this material but they are not connected to the outer
surface, that neans the body is going to have to bore hol es
into that particular area. That takes a |ong process.

will tell you that if it has to go nore than a coupl e of
mllinmeters, it won't get in there. It will never penetrate
into that kind of distance as far as you can handle it.

So, basically, you are going to be left with a
mat eri al having to provide not only conpressor strength but
tensile strength if you do not replace it and you cannot
penetrate far into it.

So | think a very critical elenent that you have
to worry about is do you have connectivity and how hard is
it for the bone, in its renodeling phase, to get into the
particul ar device that you are using.

Now, resorption and renodeling; well, first of
all, I amnot even sure these are "resorbed." They are
attacked by foreign-body giant cells. These are different
cells than osteoclasts. Osteoclasts identify inhibins,
integrins, on the surface where they then bind to.

Now, certainly, we just heard our prior speaker
say he can fool them by sticking these integrins on the edge
and maybe the body will think it is a surface. But nost of
this is carried out by foreign-body giant cells.

So the process of renmoval is a very conplex one
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and wil|l be dependent on the matri x you use and the process
by which it goes. | can tell you fromny own persona
experience, if you make a very toxic |ocal environnment, you
will inhibit the growth factors. W have seen this in many
of our experinents.

So we are tal king about anatony, the surface, does
it have connection, are the pores available to the cells and
is this really, truly, osteoclastic resorption or is the
forei gn-body giant-cell manipul ation.

[Slide.]

The next one, in terns of osteoinduction--there is
going to be a process that is going to have to drive this
whol e integration in. Now, certainly, it is alnost
i npossi bl e unl ess you have a transgenic aninmal, to get rid
of TGF beta. It is always ubiquitous in the body. But, on
the other hand, there are other growh factors that play a
very critical role

And, is this a user-friendly material, nmeaning
will it adsorb local growth factors fromthe environnment or
will it, in fact, play no particular role. And will it hold
growh factors if you add it. W are in an evolving world
now where people are adding growh factors to the area.

VWhat are the rel easing properties of those growh
factors either locally gathered up or provided, and, also,
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how hard is it to get a vascul ar invasion. Vascul ar
invasion is very critical because the lanellar bone which is
deposited usually cones fromthe pericytes that are com ng
with the invadi ng vessels.

The stemcells may produce the first woven bone.

Lanella, in renodeling, is very closely related to the

vessels. If the vessels cannot penetrate into this
material, you will not renodel along Iines of stress and,
ultimately, this material wll fail. So it has to be

vessel -friendly.

[Slide.]

Now we get back to those osteoprogenitor cells.
For instance, can you be a repository of osteoprogenitor
cells? Is this user-friendly? Can you load this materi al
up with progenitor cells? |If you do not have a ceramic or a
material or a polyner or whatever that has interdigitated
connectivity, you just put the cells on the surface. They
are not in the body of that material.

[Slide.]

If you get it in, will those cells survive while
they are waiting for the blood vessel to cone in. So how
thick are those cells? How close to the surface? Wat is
the shape of this particular material and is it
user-friendly, and how well are they invaded.
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| would charge the panel to | ook at the dynam cs
of cellular invasion. You can't do it in humans,
necessarily, but you certainly would |li ke to have
preclinical trials wth animals that denonstrate the
vascul ar invasion into this particular process, in the cel
penetrati on.

[Slide.]

This is a device panel so you guys are very
confortable in dealing with structure. But, you know, there
are different kinds of materials that we are tal ki ng about.
W have two of the speakers today. Bone is a wonderful
material. | can tolerate conpression, tension, torque, and
it has the ability to repair itself very rapidly when you
change the nmechani cal environnment which is being faced.

As Gary Friedl aender showed, you will then renodel
or nodel this graft or the fracture healing to accommopdate
t he varyi ng changes in the nmechani cal environnent.

Now, ceram cs, unless there is sonething out there
that | don't know about, | just think it basically, it
| argel y has nmechani cal properties in terns of conpression.
So if you place it in an environnent that sees torque or
tension, it is not going to function, guys. Therefore, you
are going to have to coinsert it with some other device
which is going to protect it while this process basically
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goes on.

Qbvi ously, nost of the biodegradable naterials,
whet her they are natural or synthetic, it is very hard for
themto provide enough nechani cal conpressor strength. They
are far less than trabecul ar bone, let alone cortical bone.
So if you think that they are going to provide nechani cal
strength, they aren't. They can't unless you profoundly
alter their properties.

It is not that they can't be nade, but the ones
that are currently nade do not have those particul ar
properties.

If we take a | ook back at sone of the materi al
that Gary tal ked about, and this is very inportant for us to
remenber in terns of this material--Gary showed in
Bur khordt's work, that, in dogs, you | ose about one-third of
the strength of a cortical strut and it takes up to
18Enmonths to return to nornal .

That is a dog. That is not a 68-year-old
elderly--that is not elderly--a 75-year-old elderly
i ndi vi dual --68 gets younger every day. 68 is a teenager in
my practice. But, basically, the question is how | ong does
it take for this to regain its particular strength.

| have recalculated Bill Ennican's data on his
non-vascul ari zed material, and if you have a
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non-vascul ari zed strut that is over 12 centineters, he has a
58Epercent fracture rate. He has a fatigue fracture rate.

| f you do the sanme process for vascul arized struts, it is
22Epercent, at that particul ar distance.

So, no matter what you are putting in, it does get
weaker. The way that these things resolve is that the body
will attack it, heal it and then will renodel it. That is
W t h aut ogenous bone. That is a target, how good are the
ceram cs or these other materials. | dare say they are
going to be nmuch weaker and it is going to take a long tine
for themto regain these particul ar strengths.

Therefore, | think that as you devel op your
nmodel s, if you have discontinuity, you are going to have to
provide fixation at the sanme tine you use your--because you
are asking these devices to do sonething that they cannot
possi bly provide. They cannot possibly provide this.

[Slide.]

Now, if we take a | ook at sone of these things,
for instance like the allograft ring which is used routinely
in spinal interbody fusion, this functions, basically under
conpression but nost of us will add autogenous graft inside
the ring waiting for the face.

And we have | earned we do not use those rings
wi thout fixation because they will be displaced or placed
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into a new position. | can tell you that all these new
rings that are being made with the ceramc that you fill
wi th bone graft and put into the body, | think you better
| ook at the histology of those things very carefully.

My viewis that a big chunk of those never really
get osteosynthesized. There is a little non-union rate. W
have actually | ooked at | ong-term conpression, and you get
subsi dence of the vertebral body nmeaning it is noving event
that nmay never really have been integrated as well.
Particularly if the holes are very tiny, you are asking very
hi gh charges of those particul ar rings.

| love those rings, but | amjust saying you
better put a fixation at the sane tine.

In terns of ceramcs, they, again, wll be under
conpression. And they will have to hv protection for torque
and bending until the body cones in. So, again, if you
apply these, you are going to have to put themin a
user-friendly environnent which allows osteointegration to

protect these particular devices. They are only there for a

time.

[Slide.]

Now, | would like to make a comment about bone and
failure. | hate to do this in front of Seth because he is

such a star in this stuff, but, basically, lanellar bone
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will not tolerate anything over a 3 percent strain. |If you
do over that, the bone will fatigue.

So, therefore, if you put a device in and nore
than 3 percent strain takes place with that device, the bone
will fail first before the device is seen. So, when you put
a ceramc in, unless you are absolutely guaranteed in your
m nd that you have wedged it in such a way that will not
permt 3 percent strain, you will have failure of the
adj acent bone such as around a void before you cone in
contact with the ceramc

Since ceram cs, again, have to heal by netaplastic
bone formation, they nust be so protected that they will not
tolerate nore than a 3 percent strain. Oherwi se, they wll
go on to non-union. So, nost utilizations of ceramcs, if
you have notion, you have got to provide absolute fixation.
O herwi se, these ceramcs wll not be integrated within that
particul ar environnent.

[Slide.]

This brings up sone of the questions that perplex
me; for instance, the hole in bone, and question of voids.
Do we need a void filler? Well, we nmake voids all the tine
when we take out screws and we have | earned we don't have to
fill themwth bone graft.

The body wi Il bypass that hole within six to eight
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weeks. For instance, we can have terrible tibial fracture
healing, but it was amazi ng how we wi ||l get around nmj or
defects by sort of devel oping a nechanical force through

r enodel i ng.

So, basically, if you use a filler for a hole in
bone and it takes nore than ei ght weeks to get integrated
wi thin that hole, the body woul d have sol ved t he whol e
problem by itself not even using the device. So this raises
the i ssue when you | ook at your nodels, whether in aninmals
or in humans, do you have a control of nothing and do you
have a control of autogenous graft.

Qoviously, these are the kinds of studies that you
are going to do, preclinical trials, because you are not
going to do this in humans. W have | earned the | esson that
what we thought is inportant may not be. The Japanese
| ooked at the study using steroids in holes, injecting
steroids. And they said--Scialiatti said, "It is a very
wonderful way to take care of these unicaneral cysts."

They took a group of patients and just nade hol es
and found there was no difference whether or not they got
t he steroids

So, basically, I think that the panel is charged
by very carefully | ooking at what the controls are because
it my, in fact, be of little benefit to use these
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materials. | would say if you are just going to use
ceramics to fill a couple of holes in bone, it may not be
very inportant. The body nmay not need it because they wll
just go past and bypass the area.

[Slide.]

This really brings up the superb study done by Ed
Chou and Frank Frassica. Wat they did is they took a
defect in the condyles of dogs and they drilled a hole,
carved it out, and packed it to the greatest strength that
they could with nmethyl nethracryl ate.

Here is superpressure. Then they went ahead and
tested it nechanically and found that, whether or not they
added the nethylnethracrylate, it didn't make any difference
on the fracture of the condyle because the bone went through
nore than 3 percent strain before it came in contact with
t hat net hyl met hracryl at e.

Met hyl met hracryl ate i s our toughest material. And
this was acutely. So the question is what are these things
really basically acconplishing. Wat it did showis that it
didn't collapse all the way down because you bunped into the
met hyl met hracryl at e.

Dr. Friedlaender and | have seen this with
giant-cell tunors. It prevents collapse, but you can't
prevent the fracture. It is alnost inpossible. | don't
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know how to do it to avoid that.

[Slide.]

Now, let's |ook at the anatom cal |ocations. What
| would dare say for the panel, one of the questions that
cane up, was is one thing good for everything. | would say
no. | think that there are different nechanical |oads. |If
we | ook at the kinds of areas where you use bone grafts,
such as the intervertebral disc, anterior, this is largely
under conpressi on.

You may be able to use a device which is largely
in conpression which allows sone digitation. Diaphysis sees
torque, bending, tension and conpression. | dare say that
many of the ceramcs we have will not neet the goal there
unless it is protected--it is not that you can't use it, but
you are going to have to, then, do it in the setting of the
devi ce and sonething that will |lead you, ultimately, to a
resorption or renodeling along these |ines.

Met aphysis is largely in conpression. That has
had the best success for many of these ceram cs today; the
tibial plateau, the distal radius--superb applications of
t hese ceram cs.

In terms of where nost bone graft is today is in
spine fusion, to be very truthful. That is a different
situation. There it is under bending and tension. Ceramcs
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don't function well in that area unless they are part of a
| arge pattern which includes the rapid production of bone at

that particular tine.

[Slide.]
So, what would | look at in a filler? | would say
there has to be incorporation and integration. It has to

permt nodeling to neet the loads. Cdearly, if anything
which just sits there as a stick in the Iog and which is not
doing it--it has to have the ability to not conprom se
renmodeling by filling the defect, |ike being stuck on the
cortex and just not being able to be able to nove.

| think that we have to recogni ze that in nost
applications--nost applications--there is going to have to
be the coinsertion or fixation. This is going to be a
chal | enge because the fixation may blind you to the ability
of efficacy. That makes it very hard for the judger to
determine if this is really working.

You can do it in an ani mal because you can al ways
mechanically test it. But when you look in the human, it is
going to be extrenely difficult because the fixation has to
be part of the process. But, because it is there, you are
not going to see notion. This is going to make it very
difficult for you guys to judge this.

[Slide.]
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Then, the question is, should it be a block or is
it granular. There are settings where bl ocks are inportant
such as the vertebral body. But in areas where you want an
encour agenent of bone to occur as soon as possible, it may
do better in a granular formor sone other kind of a matri x,
a | oose weave or whatever they call it, a foamor these
ot her ki nds of processes.

[Slide.]

The other thing is we have to be--it is obvious
that today the big surge is in stemcells, ex vivo expansion
of stemcells, and also the use of growh factors. So it
has to be user-friendly for both those conponents because we
are going to be either using our body or we are going to be
providing it. W have to develop a systemthat is out there
and a good receiver of that area.

[Slide.]

So what | think is an ideal thing? | think it has
to be porous and connected. | think these pores cannot be
i sol ated pores, but they clearly have to be connected pores
so they can get the body through it.

It has to allow bone interdigitation, integration,
et cetera. |If it is going to be conpressive, it should
share the conpressive | oad but you are asking too nuch to
say it should take all the conpressive load. If it doesn't
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do nmuch of the conpression, I amnot worried because | don't
thi nk very nmuch of that nechanical thing anyhow because |

think that it really fails so dismally in terns of tension

and torque that, as an orthopedist, I would put a fixation
device in there. | would not depend on that particular
ar ea.

So I wouldn't push too nuch on it and it clearly
has no role in tension and torque. The sites, therefore,
that | would test as a unit, and | think that you should
require, would be the netaphysis. This is a netaphysis
W thout continuity or with continuity.

| f you have got it with continuity, the
applications may be arthroplasty or sonething like that.

But basically discontinuity would be fractures. Therefore,
t hat shoul d be one area you are testing.

The sane with the diaphysis. [Is this a diaphyseal
hole with continuity or without continuity. Again,
fractures, obviously, are discontinuity.

Arthrodesis. | think here, you have got two kinds
of arthrodesis. | think if they are going to claimfor the
spine, it should be the interbody anterior which is largely
under conpression and may be user-friendly in these little
chanbers that are now being established. And does that
ultimately get renodeled and really go to osteosynthesis and
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the posterior spine fusion which may be a very different
ki nd of three-dinensional array which has to be set up.

Clearly the arthroplasty, filling holes around
joint replacenent areas. Wen you have revision joints, is
this a user-friendly material and how do you integrate the
prosthesis into this particular area? This is a very
chal | engi ng area.

[Slide.]

What kind of animals? | w Il nmake sone comrents
about animals. CQobviously, rodents are "el cheapo"” and easy
to do. But, you know, a femur of a rodent is only
3Bmillimeters in dianeter. You take a granule which is 4.
It is bigger than the femur. It has a very different
pat hway than in a human where 3 mllineters doesn't seemto
be very nuch.

And, of course, with a rodent, as long as the
bones are the sane roomor building, they will heal. So you
have to recognize that it has to go to a different kind of
an ani mal

The sheep and the dog are--now, | know that Doug
Jackson is a big goat person. But, basically, the npst
experience has been done on sheep and dogs. They have
advant ages and di sadvantages. | would clearly never do a
dose-response curve on a dog. W would never get through

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

our ani mal s.

So | think you have got to | ook at the ethics of
sonme of those testings, et cetera. Again, the nonkey is
exqui sitely expensive. You are never going to get
statistical nunbers in a nonkey because you can't do
50Enonkeys. You are asking costs that are out of sight.

But | think you can check toxicol ogy and get a
feeling that it is going along as anticipated within the
monkey. | think there are always going to be two or three
nmonkeys per whatever you are testing. But you can't do 50.
It is difficult.

Finally, there is the human experinment. Again,

t he human experinment, | would dare say no graft, autograft
and then whatever you are doing. | think you have to be
very careful in that particular area.

[Slide.]

Now, the critical defects. W have heard about
the skull and the | ong bones. They are areas. But | am not
so interested in defects that do not have discontinuity.
There are so few tunors out there. You can nmake a product
for a tunor, | guess, but we are talking big business. Big
business is fractures, arthroplasty, and spine fusion.

So | think the nodel should be directed at those
particul ar areas. Therefore, | have |liked the |ong bones as
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my particular nodels, the radius, the ulna. You can use
instrunmentation or not. The tibia, the fenur and the
mandi bl e have been used because they are different kinds of
appl i cations.

In terns of the spine, you can usually use the
rodent, wth a rabbit spine, the bone nodel or the Sandu
nmodel , which is the dog nodel. | think you can use those
particul ar areas.

[Slide.]

In terns of the outcone, we are going to hear
about radiographic outconme. But | think there are different
ki nds of things and I woul d encourage at |east preclinical
i nformati on about the three things; do you fill the defect,
is there union, and is there renodeling.

| think you should know about it. | amnot saying
t hat you have to renodel the material away because, if it is
in the mddle of the netaphysis and it never renodels, | am
not sure it makes nuch difference. It nmakes a big
di fference, though, in the diaphysis. You want to know your
uni on rate.

In a mechanical, you really have got to | ook at
sonmet hing that includes torque or bendi ng because these
devices fail in tension and, therefore, if you only test in
t he conpression, you may be fooled. | think you have got to
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i ncl ude sonething that has a tensile conmponent in the
testing device.

Then, in the histology, | amreally interested in
the anount, the quality, turnover paraneters, and is this a
forei gn-body giant-cell reaction or is this an osteocl ast
resorption. | amnot saying that you can't have a foreign
body, but if you produce factors which inhibit growh
factors--you produce a low pH and it is going to inhibit the
grow h factors, we have to know about it because it is going
to help the people coming along with their grow h-factor
m X

That is one of the big prograns with the
bi odegradables is that they get a very low pH at a certain
time--not all of them but sonme of them You want to know
when they are going to degrade and how they are going to
degrade and what is going on in that particul ar area.

[Slide.]

Lastly, is the follow up. There are two ways you
can test this. You can say, do | end up as good as
aut ogenous graft or can | do it faster. What is ny success
rate of union, or whatever, if that is your goal. And the
ot her question is is it faster. |If it is faster, if they
are going to claimit is faster, if it is two days faster,
that may be statistical inportant but it is clinically
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irrel evant.

So you have got to get sone kind of testing by
t hese people who are going to use it. |If they are going to
give that statenent, you have got to have a neani ngfu
statenent. Therefore, when you do your power, it should be
a clinically relevant power, not a--if you take 10,000
patients to show that |am nar-flow room makes a
difference--1 want to knowis it 100 patients and can you
see a difference.

If it doesn't show in a 100 patients, as a
clinician--1 think it nay be very interesting biologically
but probably not too relevant, particularly to ny HVO. It
wll not be interesting to them

[Slide.]

| think that the other problemthat is a real
chal l enge to the panel is since nost of these will not have
adequat e nechani cal properties, what is going to happen is
they are going to put fixation in. This is a profoundly
maj or challenge to the panel, particular spine fusion.

Is it union or not? It is hard enough when you
are there at the operative scene to ask the radiologist to
make this determ nation when the fixation is--you have to
wear sun gl asses because there is so nuch netal in there--it
is extrenely difficult to make these determ nations.
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Conversely, to ask a spine surgeon not to use
instrunentation is not ethical today. So it is a very

difficult problemfor the panel, very difficult.

[ SIide.]
My closing comrents. | don't |ike historical
controls. It is very nice to get you thinking but I think

you have got to include a commbn group at the sane tine, a
control popul ation. Your nethods change. |If you try to

| ook at the orthopedic literature, it is grim sonetines, in
terms of |looking the way it does. W don't have the
materials. | think prospectively is the way to do it.

| think there is going to have to be autogenous
controls because that is what you are conparing against,
aut ogenous bone graft. |In certain applications, | think one
of the controls is going to be no graft--no graft--because
that may be an indication, particularly wth the wonderful
instrunentation of the traunatol ogi sts today.

They think they can get enough material just
reami ng and putting a nail in. Therefore, it may heal just
wi t hout doing anything. They are really getting very good.

Then, of course, there are the type 1 and type 2
errors. Wat | am concerned about is showi ng equality to
aut ogenous bone graft. It is like the old concept, you guys
know i f you do three patients, use treatnment A on three
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patients and treatnent B--and if you kill everybody in B and
don't do themin A they are equival ent because there is no
statistical difference.

| think that you are going to have to be very
tough, thinking in your mnd what your control nunbers are
because if you are going to look for equality, you have got
to look for it. But |I think there are other points besides
healing; time to union, pain, function.

| would build into your panels function because
one of ny biggest problens wth autogenous graft, 8 percent
of these people are just so nad at ne for taking the bone
graft--their hip hurts, their sonething hurts. Yes, it has
healed. | got a great union, but they are m serabl e because
of where | have taken ny graft site.

So it may use other paraneters for efficacy;
speed, tinme, hospitalization. D d they spend an extra day
in the hospital? Those are the kinds of paraneters you may
not meke as your primary outconme, but it may be a secondary
outcone. | think you have got to start putting those
conponents into the vehicle.

Wth Sw onkowsky's new out cone program and sone of
t hese other things that are out there, | think you can begin
to start noving toward using those nethods.

So ny final questions are, if you are going to use
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the material--old versus young. Young kids wll heal if
they are in the same room (O d people have |ots of
problens. Gary identified a whole bunch of them

Are you | ooking at how fast it heals or does it
heal ? You have got problens if you use spine. Is it
bilateral or is it unilateral? |If you put it on one side
and you put the test on the other, do they talk to each
other? It is very hard.

If you think this is builder-up of autogenous
graft, nmaybe you have given so nuch graft that it wasn't
even necessary and half graft is just as good a full graft.
So you have got to be careful in your controls, what do you
mean by expandi ng bone graft.

Is there resorption, is there integration, is it
site specific or general? | think that it is a challenge to
the panel, but I think there are differences between the
met aphysi s, diaphysis, anterior spine, posterior spine and
arthroplasty. | think they would have to show you why it is
generalizable, but they really should be able to show t hat
what they are saying in one is avail able for another.

Thanks a | ot.

DR. HANLEY: Thank you Dr. Lane.

It is 11 o'clock. | think we wll take a five to
ten-m nute break here, then reassenble and finish up the
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rest of the norning. Thank you.

[ Break. ]

DR. HANLEY: Welcone to the resunption of our
presentations. Qur next speaker is Dr. Daniel Rosenthal who
w Il speak to us about radiol ogical endpoints for clinical
trials utilizing autograft or allograft bone and synthetic
bone void fillers.

Radi ol ogi cal Endpoints for Clinical Trials Utilizing
Auto or Allograft Bone versus Synthetic Bone Void Fillers

DR. ROSENTHAL: | don't know if | amfeeling
feisty today or what the problemis, but | amgoing to start
of f by disagreeing with Dr. Lane which | know is not a good
idea. But | would ask that the FDA not renove the words
"bone void fillers" because that would | eave a hole in that
slide and I have to fill it with sonething.

The other thing is that | noticed that the norning
got off to a quick start and so we are actually ahead of our
schedule. That leads nme with about double the tinme | was

schedul ed for and now that is a void that | amgoing to try

not to fill because we are going to have lunch, and that is
a nore desirable formof void filling, anyway.
[ Slides.]

We could say that there are five primary reasons
why one woul d choose to use imaging studies for foll ow ng up
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these types of questions. They are listed there on the
right side of the screen. It is ny prejudice that the need
for evaluating such things as healing, incorporation and
vascul ari zation, as we will cone toin a mnute, really
grows out of the fact that we do not have perfect faith in

t he nechani cal function of the conbination of the bone void
filler and whatever hardware fixation is used in conjunction
withit.

If we did, if we were confident that the
mechani cal function was perfect, then it would probably not
be necessary to evaluate these other things.

That nmay not be the opinion of nmany of the
academ cs who would |like to see restoration of norma
anatony. But, for the nost part, the function of these
things is nmechanical and if the nechanical function is
perfect, the other things really becone secondary.

But since they are not, and since they are unlikely to be
for the foreseeable future, we do have to | ook at the other
aspects of incorporation.

Radi ogr aphy, conventional radiography, is the
| east expensive of all of the inmaging nodalities that are
available to us. It is the oldest, the nbost w despread, the
nost widely available and it is a routine part of the
patient care for nost of these patients and, therefore, wll
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probably be used nost often for evaluating these types of

i npl ant s.

[ SIides.]

| woul d caution, though, that routine radi ography
is not a sinple tool. The interpretation of the radi ographs

IS subject to quite a few artifacts of the way the

exam nation is created. | will list a few of them here.
There are projection effects of angulation. For exanple,
depending on the rotation of the fenur, the fenoral
neck-shaft angle, will appear different as you see in these
different inmges here.

There are overlap effects that nmake it very
difficult to evaluate certain anatomc sites, particularly
the spine and the pelvis. And there are magnification
effects which are very pervasive and can vary from one
exam nation to another and can also be quite relevant to
assessing the cortical thickness and the size of inplanted
bone.

There are also, in sone cases surprising, effects
of positioning. For exanple, in some anatomc sites, it has
been shown that subtle differences in positioning, how the
radiograph is initially produced, can even result in
variations in the apparent relative | ength of bones such as,
for exanple, the radius and ulna in evaluating fractures of
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the radius, that relative radioulnar length is an artifact,
to sone degree, of the position of the film And the
variation can be up to three or four mllineters, depending
on how the filmis taken.

That nmay be a surprising thing to a person who
does not deal with this daily. Another surprising fact,
perhaps, is there is a wi despread belief that orthogonal
plane filnms, which is to say two filns taken at 90-degree
angles to each other, are sufficient to evaluate whether a
structure is wthin bone or not within bone. This is
untrue.

Here is a perfect exanple of it. Here is a screw
whi ch was pl aced t hrough the neck of the fenmur, for the
trochanter and the head but outside the neck of the fenur,
and, on two orthogonal radi ographs, appears to be within the
femur.

In fact, it can be shown that there is a
mat hemati cal rel ationship between the nunber of views, the
| ocati on of the apparent pin and the probably that it is
actually within bone. So this observation is highly
rel evant to follow up exam nations which attenpt to assess
the position of anything that is placed within a bone.

[ Slides.]

Now, radi ography, though, can reveal the internal
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structure of any of the bone void fillers that is placed.
Over tinme, there is a tendency for graft architecture to be
changed due to the conpl ex biol ogi cal nechani sns that have
al ready been described. There are progressive nechanical
forces that can |l ead to conpression

There is progressive ingrowh of vascul ari zation
and al so new bone formation that can lead to apposition. In
fact, there is a tendency toward resorption of the foreign
mat eri al .

So, in one study, for exanple, it is shown that
heterograft, placed in the bone, gradually condenses and
gets to look nore and nore |ike allograft, apparently
i ndicating incorporation. This density increase is
apparently subject to nmechanical forces. For exanple, in
the mandi bl e where a |lot of these inplants are used, it can
be shown that the loss of the inplant over tinme is inversely
related to the mechanical stresses to which the inplant,
itself, is subject.

However, inplant resorption may al so be a
beneficial effect that can be visible over time. For
exanple, in this instance here. This is an acute radiograph
taken after this filler was inplanted here. The radi ograph
on the right shows the sane wist three years |ater.

What we can see in the tinme interval is that there
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has been al nost perfect renodeling of the fracture defect
and, one woul d guess, perhaps a very slight, not conpletely
persuasi ve, but very slight tendency towards resorption of
the i nplant.

One can see that nmuch nore strikingly in other
exanples as | will show you in this next case here.

This is an acute film another fracture patient.
| show it because | want you to observe the soft tissues in

front of and behind the bone as well as the fracture,

itself.

[ SIides.]

This is the sanme patient after reduction of the
fracture and inplant wwth this material. One can see that

sone of the material has extruded onto the volar surface of
the wist here in this three-nonth film Three years |ater,
one can see that it is gone so that the body, in this case,
has had the ability to resorb the material that was extruded
out of the bone into the soft tissues in an area where, at
least in this patient, it did no harm

[ Slides.]

One can al so observe, in this sane patient,
progressive resorption of the inplanted material, itself,
over time. One can see here quite a |large anmobunt of this
material here. It is a hydroxyapatite material. And then
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one can see, three years |later, that there is nuch, nuch
| ess.

This is a qualitative judgnment but | think that it
i s persuasive enough on the radi ograph so that everyone
woul d agree. But an attenpt to quantify it, to tell you

exactly how nmuch is resorbed, would be extrenmely difficult

fromthese radi ographs. | would just point that out.
[ SIides.]
It doesn't always work this well. W have seen a

nunber of instances in which the inplanted material was
resorbed, to be sure, as, for exanple, in this case. You
can see a filmhere. | do not have the acute filns. This
patient was already quite a ways out fromthe initial
repair.

But we see the inplanted material here. And then,
three years later, we see that a |large portion of the
i npl ant has been resorbed. But we also see that sone of the
i npl ant has been extruded. So, for exanple, one sees above
t he base of the navicula, a small anmount of this material
whi ch was not present on the filmdone years earlier.

So what we have here is a conbination of
resorption and sone degree of fragnentation extrusion of the
material into the soft tissue. So this is just the reverse
pattern that we saw in the first instance.
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So these are the plane fil mfindings.

[ Slides.]

W also see this, despite the fact that the
reports have been highly favorable for the trials of these
patients. W have seen a nunber of exanples in which the
i npl ants have not led to a good outconme. This is one of
them A certain anmount of radiopacity is visible in the
central part of bone here. You can see it, barely visible,
hi dden by all of this call ous.

This is an obvi ous nonunion of a fracture of the
femur which, at the tinme it was taken down, replaced, there
was a | arge anount of material that was described as | ooking
i ke toothpaste in the fracture void which had failed to
heal over several years.

So this is radiography is good for. You see the
internal architecture of the material. You can see the
alignment, if you do it carefully. And you can see evidence
of union, to sone degree.

However, radi ographs have been used to eval uate
fracture healing, now, for 100 years. The X-ray was
di scovered in 1986 and one of the first things that it was
applied to was fracture healing. The sequence and the
approximately timng of the healing events, as they are
visible on the X-ray, is very well known.
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However, individual variation frompatient to
patient is extrenely large and, further, the nature of the
phenonena that are observed on radi ographs vary from
i ndi vidual to individual depending on the site, the age of
the patient, the fixation and so on.

So, for exanple, the visibility of a callous may
be a good sign or it nmay not be a good sign. Here is an
obvi ous exanple of a patient with an enornous anount of
hyperpl astic callous which has failed to unite. So what |
amleading up to is that there is not standard satisfactory
objective nethod to quantify the extent of healing from
radi ogr aphy.

That, unfortunately, is the case. One can get a
general sense. But do determ ne whether a fracture is, at
any given tinme, further along towards healing is extrenely
difficult. Because of this, a great variety of different
t echni ques have been invented to attenpt to look at it, and
t hey include sone non-inmaging techniques as well as sone
i magi ng techni ques.

For exanpl e, resonance frequency nethods,

i npedance net hods, have been used to | ook at propagation of
a shock wave through a bone, basically. This nmethod has
some prom sing data but it has not been generally accepted
as a tool partly because there are individual variations due
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to soft tissues and because it is not suitable for al
sites. It is only suitable for a site to which you can
apply such a force.

The speed of ultrasound transm ssion through a
bone has al so been used as a nethod of assessing healing in
a quantitative sense. Unfortunately, again, the variability
of ultrasound transm ssion speed fromindividual to
i ndi vidual is considerable. Although you can show that the
speed of ultrasound transm ssion will drop after fracture
and then increase to approximately 95 percent of so of its
normal size within a year, there is considerable variation
and | think that this technique still is not ready for
general clinical application.

Peopl e have used a techni que called X-ray
phot odensitonmetry in which, basically, a radiograph is
exposed and the bl ackness of the radiograph is conpared to
t he bl ackness of a step wedge or other type of standard that
is included in the film This is a very old technique. It
has been | argely discarded by the world of osteoporosis
studies fromwhich many of these techniques are derived
because it is subject to the spectral beamshifts of the
X-ray tube, beam hardening fromthe adjacent tissues, and
scatter and, also, to a great nunber of different processor
factors as to howthe filmis devel oped exactly.
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That | eaves us with the nodern nethods that are
used for both densitonetry of the skeleton for patients with
osteoporosis and also for evaluation of fracture healing.

There are basically three of those that are in
w despread clinical use. They include quantitative conputed
t onogr aphy, singl e-photon absorptionetry and dual - phot on
absorptionmetry which are radi oi sotope techni ques, and the
newest of these which is called dual -energy X-ray
absorptionmetry or DEXA

Al'l of these nethods are simlar in that they
measure attenuation of an X-ray beam and conpare it to sone
sort of a known standard. And they all have high
correlations fromone technical matter the other.

QCT and SPA have been used to evaluate fracture
heal ing and are said to have higher correlation with the gap
properties of the tissue than does DEXA. But that was done
when DEXA was still very new so the data is about eight
years old now. That is alnobst certainly not correct because
DEXA, in all other respects, exactly mrrors the findings on
dual - phot on absorptionetry.

So, given that, we think that these tools probably
all have simlar data, and dual - photon studies probably are
in the process of being discarded because of technical
shortcom ngs conpared to DEXA and the equival ence of the
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dat a.

[ SIides.]

So, now we are down to two. We have quantitative
CT and DEXA. Now, quantitative CT is the nost sensitive
met hod that we have for detection of cancell ous or
trabecul ar bone loss. So, therefore, for early changes of
osteoporosis, this is the nost sensitive nethod.

It is sensitive because it is a true-volune nethod
which is to say that a CT section has a thickness, a precise
t hi ckness, and, also, a precise dinension and it is possible
to eval uate purely cancel |l ous bone and excl ude corti cal
bone.

Because of this property, it has been used in the
eval uation of these types of patients with the bone void
fillers to show that there can be considerable variation in
the pre-inplant bone void filler. This has been shown by
quantitative CT, again, because of its volunetric
capabilities.

[ Slides.]

This is what it | ooks |like when you do it in a
real patient. This is a typical osteoporosis application.
We have the patient lying on a densitonetry phantom The
scan sections are programmed by the conputer to have a
preci se localization in space. And then you sanple the
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region of the skeleton that you are interested in by this
type of a volume and you conpare it to the known attenuation
in the phantom

Basically, since this is a known |inear
rel ati onship, the density and the attenuation are known to
be linearly related. Therefore, a sinple |inear regression
can tell you what the equivalent density of the bone is.

This nethod is very good, as | said, for
trabecul ar bone in the spine. However, it has not been
successful in applications to the appendicul ar skeleton in
part because of difficulties in defining this region of
i nterest which appears sinple but, in fact, is not.

But that is not to say that CT, per se, can be
very useful in evaluation of these bone fillers because it
is an excellent nethod of obtaining thin two- or
t hr ee- di nensi onal exam nations of thick body parts just
where plane filmis at its worst.

So, for exanple, Dr. Lane nentioned the difficulty
of the allograft bone evaluation healing and he said that |
m ght need sunglasses to do it. But, in this case, with the
| at est versions of the CT software, the netal suppression
artifact has been greatly inproved and it is possible to
appreciate, not only the position of the graft but, also,
the relative incorporation or lack thereof fromthe CT
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section.

So | would keep that in mnd as an avail able tool.
It has not been nuch used for this purpose in the
l[iterature

[ SIides.]

As | said, the SPA, the dual -photon or
si ngl e- phot on net hods are radi oi sot ope nethods. They give
absol utely equivalent data to DEXA. They are old. They are
out of date. And so, probably, these should not be used for
any types of ongoing trials.

DEXA, though, is a viable alternative. This uses
a dual -energy X-ray beam It is now the nost preval ent
method in the world for eval uation of osteoporosis,
particularly in Europe, interestingly enough, but also in
the United States.

It has, as | said, been shown to be related to the
properties of the gap tissue in fracture, the density as
measured by this nmethod. It can be used in proximty to
metal and it has been shown that it is sensitive to very
smal | gaps--in other words, the spatial resolutionis
sufficient to detect a gap in the order of 1 mllinmeter or
| ess.

But, the other thing | would caution you about is
that the density, as neasured by DEXA, is related to
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strength but not directly. So, for exanple, there have been
a nunber of patients that have been treated with tibial

pl ates and then the plate has been renobved. In fact, it has
been shown that even though we know that the nechani cal
strength in the i medi ate pl ate-renpoval period is

di m ni shed, nonet hel ess, on the DEXA scans, the density was
up and over the period of a year, the density returned to
normal so that there is not a sinple one-to-one relationship
bet ween density and strength.

In fact, recent data suggest that in the process
of fracture healing, density, as neasured by these
techniques, rises rapidly in the initial period and is
acconpani ed by stiffness but does not accurately track with
ultimate breaking strength. So stiffness, in the early
phases, and density have a cl ose correlation but not
ulti mate breaking strength, unfortunately.

DEXA has been used widely to eval uate bone
densities followng total hip repairs. It can be done in
close proximty to netal. It is said to be sensitive to
changes of less than a tenth of a gram per cnt of tissue,

It is a planar neasurenent.

[ SIides.]

This is what it |Iooks like. A DEXA device is a
dedi cated machine. There are about four different vendors
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that produce this kind of a scanner. [t is a conventional
X-ray tube which is usually nodified in sone way. 1In this
i nstance, it has been used to scan the hip and can be used
to measure the projected planar density of any region that
you can either mathematically or subjectively define.

So it is a pretty robust technique.

[ SIides.]

So nmuch for density. A lot of other inmaging
studi es have been directed at the eval uation of perfusion of
these inplants. | would say that perfusion scanning is
interesting as a nmeasure of biological incorporation at sonme
level but it is certainly not equivalent to incorporation.

An inplant can be perfused and yet not
i ncorporated. Perfusion has virtually nothing to do with
ultimate breaking strength. There are a nunber of
nucl ear - medi ci ne techni ques that have been used. One can
use the conventional bone-seeking agents that are used for
bone scanning. You can either get del ayed i nages whi ch show
the ultimte deposition of the radioisotope in the bone or
you can get the so-call ed bl ood-pool phase which is done
i mredi ately after the injection to ook for a vascularity.

The bl ood- pool inmages can be done also with
conventional bl ood-pool agents such as thalliumthat is used
for myocardial perfusion studies. It really doesn't make
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any difference.

[ SIides.]

This is a conventional bone scan done in the
static phase to evaluate the incorporation of this, in this
case, vascul arized fibular autograft. So you can see on the
AP radi ograph that this patient has sustained a nassive
fermoral allograft. The junction site is here. The
allograft has fractured and this fibula has been inplanted
to bridge the fracture.

On the radioi sotope bone scan, one sees, fromthe
anterior projection, the cold defect which is due to the
all ograft and then the uptake which is in the vascul arized
fibula seen right in the mddle. On the lateral inmage, you
can see the sane thing. Here is the vascul arized graft
al ong the anterior surface of the fenmur and the cold distal
femur is the allograft.

But | also will point out that along the margins
of the allograft, there is sone uptake which, undoubtedly,
represents early--well, maybe not early but sone--degree of
perfusion of the largely otherw se avascul ar allograft.

So this type of technique is quite wdely
avai |l abl e.

[Slide.]

The other thing is that, depending on the anatomc
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resolution that is required, conventional scanning can be
conbined with a techni que called SPECT i maging, which is

si ngl e- phot on em ssi on conput ed tonography, which increases
the anatom c specificity and, also, the sensitivity of the
techni que but basically gives the sane data.

There was al so another technique which is
avai l abl e in the nucl ear-nedicine area called PET i nmagi ng.
PET imaging is a fantastic technique, really. It uses
antimatter. |t uses positrons to |look for annihilation
radi ati on when positrons collide with matter. The
anni hilation radiation allows one to calculate the | ocation
of the source of the isotope.

The nost conmon PET i mage agent is called FDG or
fl uor odeoxygl ucose, which is an agent that gets trapped in
the Krebs cycle and, therefore, is a marker for glycolysis.
It has a very large nunber of different applications but, as
far as | know, there is no current data that woul d suggest
that it is of any use for fracture healing. Maybe it wll
be sooner or later, but |I doubt it is going to be a major
one in view of its cost and conplexity.

[Slide.]

That | eaves us with nmagnetic resonance inmagi ng
whi ch seens to be able to do absolutely everything these
days. Magnetic resonance inmaging, as a tool for evaluation
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of perfusion, does require the use of intravenous
gadolinium and the perfusion is evaluated by the changes in
the signal intensity which is seen on T1-wei ghted i nages.
The great value of it is that it is a three-dinensional
technique with a great deal of anatom c resol ution.

[ SIides.]

Here, for exanple, is an allograft, a radiograph,
whi ch was taken synchronously with this axial PET inage.
Now, everything that is white on this inage has had its T1
decreased by the adm nistration of intravenous gadol i nium
One can see that on the surface of what appears to be a
conpl etely unremarkabl e allograft, one sees a trenendous
anount of vascular ingrowh comng fromthe outside in.

So all this represents viable vascul ar tissue, not
necessarily bone. 1t is also inpossible to imagine how this
type of anatomic specificity could be gotten out of a
nucl ear - medi ci ne techni que, | think.

[ Slides.]

Anot her finding in another case shows a simlar
thing. This is a plane filmwhich was taken at the same
time that this MR was done. One can see, perhaps, a very
slight degree of soft-tissue swelling over the nmedial aspect
of the femur but, on the MR, one sees this nmassive synovi al
hypertrophy arising fromthe knee and, also, this cuff of
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vascul ar ingromh into the cortical bone of the allograft
femur.

Al so notice the very striking abnormal marrow of
the allograft conpared to the patient's own fenur.

So perfusion scanni ng, using magnetic resonance,
is sonething that probably is available in a |lot of places
and can be done if perfusion is the objective.

[ SIides.]

The last topic | want to point out, in talking
about imaging, is that whatever imaging technique is going
to be selected, it should be ainmed at the detectability of
potential problens that one m ght anticipate. W have
t al ked about non-uni on, del ayed union and | oss of alignment.
I nfection, of course, is always a problem and fracture. So
all of these things can be handled by plane film

Tunor recurrence, to sonme extent, can be handl ed
by plane film Radi opaque inplants usually will be sharply
demarcated fromtunor recurrence which tends to be lytic on
plane filnms and mgration of the inplant as well mght tend
to be handled by plane filmbut mght require CT, if it is
in the axial skeleton.

Resorption of the inplant would do better with CT,
perhaps, as | will show you in a mnute. And the
forei gn-body reaction which is quite inportant nmay al so
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require either CT or nagnetic resonance.

One of the things which | think is probable is
that, as we go forward with nore and nore bone void fillers,
we are going to encounter nore and nore foreign-body
reactions. | see this quite conmmonly in nmy practice. It is
virtually a daily event because of the | arge nunber of total
hi p-joint patients we see.

But particul ate debris of al nost any type can
cause adverse consequences. It can cause a foreign-body
reaction within bone and it can al so cause a synovitis if it
gets into joints. It is manifest, usually, by a progressive
osteol ysis which can be nmassive. And, as | say, it is nost
often seen followi ng joint replacenent and it has recently
been shown to be sensitive to additives that are put into
the bone void filler.

So, for exanple, barium appears to increase the
tendency of nethylnethracrylate particles to cause
gr anul omat ous forei gn-body response.

[ Slides.]

It can be very subtle. This is an exanple here.
On the left-hand screen, you see a plane filmof this
patient wwth a bilateral hip replacenent. On the right-hand
screen, we see a reformatted coronal CT image which shows a
massi ve area of osteolysis in the posterior ischiumjust
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behi nd the acetabul ar cup.

You can see the margins of this |lysis extending
down to the ischium virtually invisible on the radiograph.
It is present. |If you look carefully, you can see it, but
it is not at all inpressive conpared to what the CT is
show ng us i s nmassive resorption.

[ SIides.]

It isn't always necessary to do CI. Sonetines,
the foreign-body reaction can be so spectacul ar that you
don't even need to image the patient at all. As, for
exanpl e, here, is a patient who went fromthis condition to
this condition in a period of |ess than a year.

So this is a very massive foreign-body response to
particles probably of polyethylene. But it could be
met hyl met hracrylate. It could be silicone. And | think it
could be bone void fillers.

[ Slides.]

Here is a silicone exanple of a simlar type of
thing. This is a silicone inplant of the |unate bone that
was done in '75. You see that the silicone, itself, is
intact, that the lunate | ooks |like a normal |unate, perhaps
alittle bit large for this wist but normal in other
respects.

Then, six years later, you can see that the
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i npl ant has now col | apsed spewi ng particles of silicone into
the synovial tissues of the wist and | eading to an erosive
synovitis which has caused all of these erosions, nmultiple
cyst-like lesions and, in fact, causing adenopathy in the
forearmand axilla as well fromthe silicone particles, a
very wel |l -known phenonenon with silicone inplants,

particul arly breast inplants.

[Slide.]

So, what are the conclusions. | guess the
conclusions that | would suggest are that imaging has a | ot
of different roles. It can be used for a lot of different
things. But if | want to | eave one nessage it is that it is
not a standard bl ack box.

| think it would be a m stake not to pay very
careful attention both to the study design and | ooking for
doubl e- bl i ndedness, in particular, and the expertise in
respect to imging on the part of the people who design the
study because it is not a sinple of matter of turning
sonething in to the radiol ogist, having himput on his sun
gl asses and sayi ng yes or no.

There is a lot of judgnent here and a [ ot of room
for error.

So, thank you very nuch.

DR. HANLEY: Thank you.
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M5. NASHVAN. At this tine, | would like to thank
all of our guest speakers, Drs. Friedl aender, Yaszenski,
Lane and Rosenthal. W at the FDA truly appreciate the
i nformati on you have just provided and shared with us. It
think it serves as an excel |l ent backdrop for the discussion
that we are going to have during the remai nder of the
af t er noon.

At this time, | would like to present Ms. Nadi ne
Sl oane who is going to provide us with sonme pre-lunch food
for thought, the questions that are going to be discussed
after |unch.

Nadi ne?

Presentati on of Questions

M5. SLOANE: Good norning. | would like to start
readi ng the questions that we are going to discuss this
af t er noon.

[Slide.]

The first question relates to nmechani cal
properties and preclinical testing. There is a lot on this
slide. | amnot going to, necessarily, read it all. But,
what woul d you consider to be inportant mechanica
properties for a bone void filler and what preclinical tests
woul d be hel pful for short- and | ong-term assessnent.

In answering this question, please consider the
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foll ow ng: mechanical |oading variability associated with
different anatom cal sites and types of bone; for exanple,
met aphyseal and di aphyseal, cortical/cancellous, spin/long
bone and different fracture types; for exanple, conplex
versus sinple fractures and differences between traumatic
fracture defects and defects resulting fromresection of
tunmors. Also consider variations in defect size.

In addition, we ask that you consider the
resorption rate of the material taking into account the
ti me-dependent | oad sharing with internal fixation and
| ong-term nmechani cal requirenents after fixation is renoved,
especially for a slowy resorbing material .

We al so as that you consider changes in the
material resulting frommxing it wth autogenous bone, an
ost eoi nductive agent, which would alter the material's
i nherent properties and potentially affect |ong-term
conposite strength as the osteoi nductive process nodul ates
the rate of bone resorption and formation.

The second question relates to the study design.
First, how should differences in anatom cal site and
i ndications for use be addressed in the study design. For
exanpl e, consider potential differences anong studies for
the treatnment of fracture defects, defects resulting from
resection of tunmors or for filling the bone-graft harvest
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site, spine fusion, et cetera.

Are there specific indications or anatom cal sites
for which it would be appropriate to extrapolate data from
to another. Also, what length of follow up is necessary,
keeping in mnd differences in resorption rate, defect size
and the | ocation.

The third question relates to imagi nhg studies.
First, what imaging nethods are appropriate for the
assessnment of material fracture and mgration. Also, which
radi ographic criteria--for exanple, cortical bridging,
mai nt enance of fracture reduction, do you believe to be the
nost neani ngful for evaluating device effectiveness keeping
in mnd the radiopacity of the material. Also, to what
degree can radi ographic data be expected to correlate with
clinical outcone.

Qur fourth and final question concerns clinical
ef fectiveness neasures. First, what clinical endpoints and
assessnment tools are appropriate to evaluate clinical
utility and what are the appropriate success criteria for
this product considering that there is an inherent benefit
of bone void fillers conpared to autograft in that second
surgical site is not required.

So these are the questions which we are proposing
for discussion this afternoon. Sone of the previous
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speakers have already touched upon sone of these, but we are
| ooking forward to the panel's input.

| would |ike to thank the panel for their
participation in today's neeting.

Thank you.

DR. HANLEY: Thank you.

| think what we will do at this tinme, if there is
no objection, is break. Then we will cone back at quarter
of 1:00 and do our discussion and our questions.

[ Wher eupon, at 11:51 a.m, the proceedi ngs were

recessed, to be resuned at 12:45 p.m|]
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AFTERNOON SESSI ON
[12: 50 p. m]

DR. HANLEY: Let's begin wth the afternoon
session. | think we had an excellent series of
presentations this norning shedding light on what is
involved in the design and study of what are called bone
void fillers.

Myself, | felt quite confortable with this. Many
of us in the orthopedic community have had extensive
experience with these things over the past tw decades, so
it doesn't seemas foreign or as difficult, at least to ny
view, as sone of the other things we face on a routine
basi s.

So | think the speakers have put things into
perspective very nicely and this will formthe foundation
for which we have our discussion and address the questions
whi ch the FDA has put to us.

| would like, at this tine, to open up the floor
for panel discussion concerning the issues discussed today
in the context of the questions posed. W w | consider the
guestions specifically after this.

Panel Di scussion

DR. MLLER | would like to comrend the speakers

for the excellence of their presentations today. | would
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like to recommend to our panel that we recommend to the FDA
that we use their materials as a point of departure for the
creation of a guidance docunent in the design of clinical
trials for the investigation of the effectiveness and safety
of bone void fillers and use that docunent and that materi al
as a point of structuring that docunent.

DR. HANLEY: Thank you.

DR. GREENWALD: Thank you. | would like to al so
conplinment the speakers this norning. | found that to be a
really informative | earning experience. It is certain to

give the FDA the kind of information, direct information, I
think they were | ooking for.

| would like to mrror what Dr. MIler has said
that | think one of the endpoints of our discussions today
shoul d be contributory to the devel opnent of a gui dance
docunent on bone void fillers that had the purpose of
serving both the Food and Drug Admi nistration and their
ability to assess incom ng devices which are probably going
to be nunerous both in types and shapes and applications.
and al so, to serve as a guidance to manufacturers who are
petitioning for the approval of such devices.

| think probably I would Iike to direct a few
remarks towards what | would like to see develop into this
gui dance docunent, a paradigmfor bone void fillers. How
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are they going to be assessed? W heard that this norning.
From nmy own perspective, | certainly would think that the
definition of a bone void filler can take on many shapes.

We heard this norning, certainly, about the
potential of allograft, autograft, xenograft, synthetic
materials of a ceramc or polyner nature. | would also like
to add to that that porous netal also represents a potential
bone void filler.

| would also like to point out that the definition
of how you eval uate these things, both froma | aboratory
perspective and both a preclinical venue and a clinical
venue is going to, | think, rely very heavily on just where
they intend to be used in the body, in the skeletal system

We can talk in ternms, as it was this norning, of
cavitary defects, closed and open. W can tal k about
segnental bone replacenents or, for that matter, defects in
bone all of which define different nmechanically | oaded
environnments all of which will define criteria that have to
be substantiated froma nechani cal perspective as well as a
bi ol ogi cal perspective in in vivo use.

| think that it is inportant to recognize--and it
was laid out very well this norning, | think, in terns of
the various areas of the skeletal systemwhere fillers can
be utilized.
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| think it is inportant along the |lines of
mechani cal evaluation--this is not answering the questions
but just giving you sone thoughts about it--that the
nor phol ogy of a particular structure--many structures that
will fill the bill of bone void fillers may be isotropic in
their shape and in their dinmensions and behavi or.

QG hers may, in fact, be anisotropic. And the way
in which they are used in the body becones highly defined.
| think it is inportant to identify mechanical tests which
can be done fromthe get-go. They certainly were nentioned
this norning, certainly conpression, certainly tension,
torsion, stiffness and, also, the fatigue behavior of these
virgin material s.

But | think it is also very inportant to bear in
m nd that these behavioral characteristics, physical
behavi or characteristics, are going to change in the in vivo
environnment, particularly if the facilitating corporation,

t hrough vascul ar incursion and either substitution or some
formof biological, be it fibrous or bone tissue, to take up
t he vol une.

And so there properties, particularly if they are
resorption in nature, are going to have to be established at
different tine intervals bearing in mnd that if they are
utilized in a fracture environnent that, as tinme di mnishes,
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you expect that the healing bone will take up nore and nore
of the I oad.

O herwise, the inplant, itself, my, indeed,
break, as has been our experience over the years.

| think it is inportant to recognize that in the
eval uation of these materials, you have to eval uate them
gi ven the potential environnent they find thenselves in
which may not just be loading. It nay also be influenced by
radi ati ve chenot herapies as was pointed out to us this
nor ni ng.

| think it is inportant to recognize that once
t hese environnents, in fact, have been defined, the
materials that are chosen, indeed, have to then be exposed
to mechanical testing preclinically in those environnents
because | think you can | earn an awful | ot about the success
and failure of a material a priori, before clinical
i npl ant ati on

Perhaps | could stop there and others can chine

DR. HANLEY: Thank you. O her conments?

DR. BOYAN. | would |like to support what everybody
has said but I would like to add a fewthings. As | heard
t he discussion this norning, | heard a heavy reliance on the
concept, or we keep trying to go back to the concept, that
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these materials, the bone void fillers or bone graft
substitutes are--that the field is noving forward, it is
nmovi ng away from those kinds of materials to the kinds of
things that Dr. Lane tal ked about and Dr. Yaszenski referred
to which are materials that were never intended to be

wei ght - beari ng or | oad-sharing.

In fact, they are intended to renpve thensel ves
fromthe systemeither through chem cal degradation or
t hrough bi ol ogi cal degradati on over the course of tine that
the bone is healing. The ultimte goal would be to get
these materials as the bone heals.

So, as we nmake recommendations to fracture about
what we would like to see happen, | think we need to
include, in our wording, that these materials are the future
materials and that the criteria need to be thought of in
t hat context.

To further what you are saying, Seth, we need to
t hi nk of testing them nechanically under rel evant
conditions. These materials are going to be doing their job
at physiol ogi cal pH and at physiol ogical tenperatures and in
an aqueous environnment. So much of the testing that has
gone on until now has been done on dry materials at room
tenperature and not, necessarily--the nmechanical properties
that they exhibit under those conditions may be very
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different fromwhat they will actually exhibit when they are
put into bone and expected to do their job in bone.

In this context, | really nean materials that are
going to be bi odegradable or are chem cally going to degrade
but in a biological setting.

One last comment | would |ike to make about how we
go about assessing the value of a nmaterial. Dr. Lane nade a
beauti ful schema of starting with rats or rodents going on
to a higher animal, doing limted studies in nonkeys and
t hen going on to the human.

| would Iike to support that concept, but add that
rats are not necessarily a bad place to start. In fact, as
we get nore and nore understanding of higher animals, it is
harder and harder to justify doing experinents where the
guestions could be handl ed very easily using rats or mce.

There are many things of relevance to orthopedics
or, since this is a device panel, not necessarily
orthopedics but to plastic and reconstructive surgery or in
dentistry where rat nodels, in the cranium are perfectly
valid ways to betatest a product at the beginning.

Rats don't always heal. They heal nore easily,
certainly, than higher animals but they don't always heal
conpletely. W can learn a |lot fromwhat rat bone does in
the presence of a material that would save us an awful | ot
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of higher animal studies that would not have to be done
needl essly.

So | suggest that we not discount the rat. The
Ph.D.s that you know are wonderful rat doctors. | think it
is the first place to start and really exploit the rat
bef ore novi ng on.

DR. HANLEY: They are the only rat doctors.

DR. BOYAN: That is an R D. for rat doctor.

DR. HANLEY: Thank you.

O her coments fromthe panel? | would like to
bring up a fewissues. One is sites. Do different sites
warrant different criteria for design, different tests and
different clinical study. Dr. Lane has suggested to us that
a reasonabl e way of dividing these sites is nmetaphyseal,

di aphyseal , arthrodesis, spine, anterior versus posterior
and arthroplasty as reasonable, clinically relevant,
site-specific, definitions.

Qoviously, it is inpossible to have one for every
bone in the body which this mght be used in. Is this a
reasonabl e designation or should we just have what has
assunmed to exist in the past; they are all the sane, test
themall the sane, use them anywhere you want.

DR. CREENWALD: Well, they are not all the sane.
| think Dr. Lane's commentary is very well positioned. |
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think that one has to determ ne the nechani cal environnents
in first instance that these devices are likely to see.
Sone may be excellent in conpression but terrible
intension. Materials, by thenselves, wll sort thensel ves
out as to just where in the skeletal tree they are going to
find applicability. So |I think, actually, his schene is
pretty good. | think that ought to be incorporated.
DR. FRI EDLAENDER | woul d support that. | think
that Dr. Lane's approach was a rational bal ance between
l umpi ng and splitting. W certainly don't need to consider

the right and the left femur any different. W don't need

to consider, | think, in nost cases, the fenur different
fromthe tibia. | think that that approach, as outlined, is
driven by good reason. | agree with it.

We al so have to address, at sone point, | suppose,

the difference between a gap nodel and a fracture nodel.

DR. HANLEY: Yes; | think that is true. | think
this is the time to do it although, to ne, | think it would
be easy to suggest that the di aphyseal nodel, in essence, is

a gap nmodel or materials used there would have to neet the
criteria for your gap nodel

What do you think?

DR. FRI EDLAENDER | woul d agree with that comment
as well. | think, in a nore philosophic sense, what we are

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

really in need of is defining the characteristics of
materi al s and approaches and then using clinical judgnent to
match themto circunstances that nake sense.

| don't believe that every approach needs to neet
a predefined threshold by any paraneter. It is nore
i nportant to know what it can do and what it won't do and
how t hose characteristics change over tine and then match
themto the appropriate clinical circunstances.

DR. MAYOR. | amsort of trying to search for the
best way we can contribute to FDA's efforts in relationship
to what Seth is suggesting. | think it is entirely
appropriate that eventually what needs to conme out of this
I's a gui dance docunent.

But | wonder about two things. One is Dr. Boyan's
suggestion that the trend is away from structural design
but I think that that is probably too limting. M sense is
that what the FDA needs to do is to nake room for sponsors
who want approval for a non-nechanical device which is nore
bi ol ogi cal and stinulatory and, at the sane tinme, nmake room
for other sponsors who want a device which not only takes up
space in the nuscul oskel etal system but, also, bears |oad or
could bear |oad, either tenporarily or persistently,
depending on the how the thing is designed.

| think we are going to see, as this whole process
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evol ves, both things happeni ng.

The other thing that occurs to nme has to do with
what we just discussed this norning, and that has to do with
how t he FDA uses the panel, both to acconplish the process
of crafting a guidance docunent and in the process of
| ooki ng at individual sponsor's proposals early in the gane
so that they can be brought to fruition nore efficiently,
nore economcally and with | ess |ikelihood of back-and-forth
novi ng-target concerns on the part of the sponsor.

| think the final thing that I am concerned about
in relationship to the evaluation technique that is used is
the real necessity to carefully exam ne the instrunents that
are available so that the data we collect includes a
significant body of patient-centered information.

The outcones that patients enjoy have already
denonstrated to be quite distinct fromthe outcones that
physi ci ans perceive the patients are enjoying.

DR. HANLEY: O that our so-called objective tests
or images reveal. Well said. So | think there is a neshing
t here between the functional, structural demands and the
sites that can be worked together.

DR. TRIPPEL: Before we |eave the subject of site
specificity, | have a question for the panel. It has to do
with whether we really need to inpose any constraints on the
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manuf acturers with respect to the bionechanica
characteristics of their product and where they put it.

| f you have a material that has no structura
capability, you could still put it in a site which has
enornous | oads going across it if you are providing sone
ot her nmeans of stability.

| f you have a fenoral rod or a tibial plate and
you are putting in a bone void filler to try and get rid of
the void, you don't need that filler to provide any
mechani cal support. On the other hand, if you are putting a
device in a spine and you don't have any ancillary fixation
at all, obviously it is going to have a very different role
to play.

So | would just inquire whether we shouldn't be
couching this recommendation in the context of ancillary
fixation.

DR. GREENWALD: Again, that is a good fulfilling
comment. |If you look at the statenents of safety and
efficacy which were included in the panel docunentation that
was given to us, you recognize that both the PMAs were
approved on the understandi ng that they nust be used
conjunctively with sone form-in one instance, it was an
internal and/or external fixation and at the other end with
an internal fixation.
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So there was a recognition nade on the part of the
panel who evaluated themat the tine that these materials,
in and of thenselves, wouldn't have been structurally
capabl e, at sone |level, of carrying the inposed external
envi ronnment al .

So that is a very good and i nportant point and it
shoul d be included, that adjunctive neans may well be
necessary to establish the efficacy of these, in fact, bone
fillers.

DR. HANLEY: | thought that was rather inplicit,
but it is nice to revisit it.

Let's address the issues of controls. This is
al ways a sticky point in all of our discussions. | have yet
to see cone to our panel what | thought were adequate
controls froma scientific sense. Wat kinds of controls
shoul d exist for clinical studies done on bone void fillers?

DR. BOYAN. | think that Dr. Lane stated it pretty
clearly, that the best control is autol ogous bone graft as a
positive control, and a negative control with nothing. For
an animal study, | think that is intuitively obvious that
for a decent study, there has to be a positive control and a
negative control and those are the two right positive and
negati ve controls.

However, as we get to higher-level animals, I
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think that if a research group has got a reasonabl e anpunt
of experience, perhaps with the negative control, no bone
graft, they could rely on that if, in their hands, there is
sufficient data to say that the negative control goes on to
non-uni on or whatever the negative outcone. For animals to
| ose their lives for science needl essly does not nake sense.

By the sane token in humans, | amsure that, from
a clinical point of view, it would be difficult to justify
no therapy or no graft in sonme situations. Maybe there are
i nstances where no graft would be an okay clinical approach,
but there has to be a positive and a negative sonewhere in
the literature or sonewhere in the study to nake it a
scientifically valid study.

DR. HANLEY: Right. | think we could get quite
specific on that. There are situations where no graft would
be the standard of care, would be an acceptable control, and
others where it is not. CQobviously, in the area of spine
fusion, for instance, no graft is not acceptable but
standard treatnent as autol ogous bone graft and coul d serve
as a nice control

In the acute treatnment of a tibia fracture,
standard of care is internal fixation, no graft. That could
serve as a control against internal fixation with synthetic
bone void filler, synthetic filler, synthetic graft,
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what ever you want.

So we will, I think, have to advise themto use
their judgnment on the clinical situation. | think it is not
tremendously difficult to figure out where it is appropriate
and where not. The point is you need good, standardized
controls which reflect either the natural history of the
di sease or a standard formof therapy currently in practice.

DR. FRI EDLAENDER  Just a point. The way we use
these ternms may turn out to be nore inportant later on than
currently. The use of the word "control™ to ne inplies an
approach to validate the nethod, a positive and a negati ve.
On the other hand, often what we are |ooking for is a
conpari son between two alternatives and whether or not there
is equival ency or superiority of one versus the other.

In other areas of experinental design, you really
are not allowed to use the control as the alternative. You
have to separate out the concept of control and conparisons.

Do you understand? Am|--

DR. HANLEY: | understand what you are sayi ng but
| think, in a clinical series, we have evolved away from
that to have "control,"” nmeaning either no treatnent or
conparison treatnent. | understand. As long as we get the
definitions right, that is the inportant thing.

DR. FRI EDLAENDER. M point is really one of
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definitional clarity. That, in ny mnd, helps facilitate
the di scussion. There are exanples where the conpari son of
standard treatnent is not based on good science. O there
may be sone difficulties in interpretation

As an exanple, | would point to the healing of a
fresh fracture, for exanple. It is not uncomon, as
clinical practice, to use bone graft in association with an
acute fracture. It is not scientifically clear that that
bone graft contributes to the end result or, if so, how
frequently.

Most fractures heal, especially in our friend the
rat, for exanple. It is very uncommon for a rat with a
br oken bone to neet an orthopedic surgeon. It does happen,
but it is uncommobn. So sonetines the control autograft
satisfies our need to conpare with a standard accepted
met hodol ogy.

But, in fact, it may be that neither the autograft
nor the new treatnment are required for the beneficial result
that we are seeing.

DR. HANLEY: kay. | think we have figured that
one out. Let's nove on. | would like to bring up the issue
of measurenent of success or failure or sonewhere in between
and just a broad discussion of the clinical paraneters, as
Dr. Mayor has said, the patient-oriented paranmeters or
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outcone, as viewed fromtheir eyes, and a little discussion
of these imges that we use that we sonetines think may be
hel pful .

DR. BOYAN. | would like to address the inmages. |
think that it is a very inportant point that has been raised
here and one that has application to preclinical studies as
well as clinical studies. Radiographs really are the one
| ongi tudi nal nmeasure of the success of a treatnent as the
animal is going through its healing process or as the
patient goes through his or her healing process.

You can nonitor that with a non-invasive inmaging
techni que where you can't nonitor it by other neasures.

What | would |like to suggest is that we put forth to the FDA
that they consider in their guidance docunent that in
preclinical studies that, at the tine of euthanasia of the
animal s, where the aninals are actually going to be

eut hani zed in the study, that specinen radi ographs be made
using a jig so that there is an alignnent, that they can
actually go fromstudy to study and within a study and use
sone sort of step wedge or quantitative neasurenent.

| think that our outside expert has nade cl ear
that there are nuch, nuch better technol ogi es now for
insuring this, that | think there is an equal nunber of
real |y wonderful scientists that may not have access to that
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t echnol ogy who could bring quantitation into what they are
doing with sonme very sinple additions to the studies that
t hey do.

Then, for the human studies, what | see clinicians
doing, and I amnot one, but this is the thing that | always
am amazed with, is no matter what other data | show a
clinician, the clinician relies on the radiograph.

So I think we need to view the imge that they see
as one of the nost inportant assessnments that they are going
to use in determ ning whether or not a treatnent is
ef ficaci ous.

DR. HANLEY: Wile we are on inmges, let's talk
sonme specifics about inmages. M take fromthe presentation
and, also, ny clinical opinion is that plane filnms have a
role, that QCT and DEXA are sonetines useful but we haven't
quite figured out where their real role is.

We get interesting information. W are not sure
it correlates sonetines. MRl is not quite there for bone
yet except in certain centers where sonebody is playing
around with it for that specific purpose. But it certainly
isn't the standard.

Maybe | amoff. That is nmy view. | amuncertain
as to what should be mandated or suggested in clinical
trials in humans with regard to the imges. | would say it
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is at least plane film But what el se? Coments?

DR. MAYOR. | would agree that the plane filmis
probably the place that everybody is going to go. W have
100 years of technol ogi cal experience and each clinician has
the lifetinme of his or her own experience | ooking at not
just a single radiography but a sequence of radiographs
starting at tine zero and progressing fromthere.

That is a very sensitive source of interpretation
about how the biology of the patient or even the animal is
responding. W did a study sone tinme ago whi ch suggested
that even as small as 15 degrees of rotational realignnment
of a long bone changes the density neasurenent so profoundly
that you can't use them

We have al so heard that density does not correlate
with nechanics. So | don't know that these el aborate and
very preci se neasures of density are really going to get us
anywhere that we need to go.

DR. HANLEY: Right. As before it m ght have been
menti oned, oftentines the density is inversely related to
t he nmechani cal properties of the thing we are neasuring,

W tness osteonecrosis, witness, | presune, the ceramc
i mpl ant that was in those wists.

So it really is difficult to correlate that. It

doesn't nean we shouldn't use that. Like QCT and DEXA have
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a role somewhere, but it is difficult to define in these
types of studies.

DR. RANGASWAMY: | f you are using radi ographs or
even MR, obviously one assunes that whoever is doing the
study is going to standardi ze these nethods and al so
evaluate right fromthe beginning for interobserver and
i ntraobserver error because there is going to be a | ot of
that. It is a visual inage that they are going to read and
| think that is something that should be built in right from
t he begi nning and then not | ook at the study two years from
now and say, "Cee; you didn't standardize it. It is really
usel ess. You have got to go back and do it again."

So | think that is sonething they should | ook at.

DR. HANLEY: Further comments?

DR. FRI EDLAENDER | agree that whatever nethod is
used shoul d be reproducible. | think it is up to the
investigator to denonstrate that it is reproducible,
firstly. Second, | think we are all very confortable with
standard radi ographs. Once you nove beyond standard
radi ographs, the technol ogy ought to answer the question
bei ng posed.

| think as the question changes, the use of
technology will have to change as well.

DR. LANE: | think that there are two
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circunstances. One is the preclinical trial and the other
is the clinical trial. Wen you go to the preclinical
trial, you have the advantage--as you work out your

met hodol ogy, you can confirmthat your radiographic

met hodol ogy does coexist and it is an agreenent with
mechani cal testing, | think either the Wite Panjabi or one
of those ot her nethodol ogi es which are out there.

| think that you al so have the advantage in a
preclinical trial to use a fixation device which is not
acceptable for clinical treatnent such as external fixator
or sonething that will not interfere with the radi ographs.

So one of the challenges if that you think, if the
panel feels, that radi ographs are your best tool for
sequential study in the same aninmal, the experinenter can
use a fixator or a device technique which will not
conprom se the X-rays.

You are either using different kinds of netals or
sonme ot her net hodol ogy which will not interfere with that
particular process. So | think that is one advantage.

The other thing is that does the panel want to
nove forward on the areas |ike Ken Wight and Goodship and
t hese ot her people who actually have devices built onto
their fixators which can then | ook at the mechanica
t hree-di nensional array of that fracture. The English have
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certainly been very advanced in that technique. Again, it
woul d have to be done in a preclinical--even though Ken
Wight, | nmust admt, uses this in patients as a nethod to
confirmit.

So the bottom|ines woul d be; one, nmeke the
experinmental nodel such that it is user-friendly for the
radi ograph if the radi ograph is our best tool. two, confirm
that the radi ograph agrees with the nechani cal data; and,
three, in preclinical trials use devices which allow
conti nuous nmechani cal eval uati ons.

DR. HANLEY: Thank you.

DR. TOMFORD: | would agree that the inmaging
studies are extrenely inportant. However, | think that they
cannot be used al one to judge healing, incorporation, other
paraneters. | have seen too many allografts that | thought
wer e heal ed by radi ographic analysis that turned out to be,
upon expl oration, non-united.

So | think there is still a role for other types
of assessment and | woul d say the radi ographs have to be put
into the panoply of eval uations.

DR. HANLEY: That brings up the other issues to
di scuss, the nmeasures of pain and functional outcone, both
fromthe perspective of the treator and the patient or the
rat or whoever it is.
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DR. NELSON: | think one of the things that we
shoul d have as an overall caveat is that any of these tests
shoul d have a denonstrated reliability, validity and, in
sone way, relate to the patient population being studied in
terms of the age, gender, race, |anguage, et cetera.

| woul d hope that we woul d consi der maybe three
broad areas. One would be health-related quality of life,
sonme kind of multidinmensional issue, a broad-based patient
satisfaction kind of questionnaire, not just a univariate
ki nd of question, are you happy or not happy, that kind of
thing, but rather a broad-based patient satisfaction
guestionnaire.

And then, when they do neasure sone of the
measur enents of inpairnment, sone standardi zed forns of
i mpai rment, again going back to this overall criteria that
the reliability, validity, has been denonstrated by prior
studies and they can relate it, again, to the patient
popul ation, et cetera.

DR. HANLEY: Very good. W always face this issue
and, after many discussions, that is a nice summary of what
we really should be nmeasuring and, when we neasure it, we
ought to be able to justify it, that the neasurenent is
val i d.

DR. CLAUW | agree with Dr. Nelson and | just
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wanted to expand on a couple of things. | think that, for
sone of these scenarios, | agree entirely that we need to
use validated instrunents. But | could inmagi ne sonme of
t hese studi es where you m ght have to devel op novel tools,
in addition to these other instrunents, to use.

For exanple, when you are trying to conpare the
di sconfort associated with taking an allograft fromthe hip,
and wei gh that agai nst what the success rate mght be with
the synthetic material where you don't need to do that
procedure, there is no validated questionnaire that would in
any way get at that construct.

| think that, in sone settings, you are going to
have to try to ask those kinds of questions in sort of a
novel questionnaire. You would have to have the other
guestionnaires to, in part, validate that.

The other comment | would have, and this is nore
generic for the FDA in general for all kinds of studies with
devices than it is specific to this one is that, given what
has happened with things like silicone breast inplants where
no one ever dreaned, initially, that there would be a
system c problem real or alleged, that occurred in
conjunction with silicone breast inplants.

My suggestion is that the FDA require, or at |east
strongly suggest, to manufacturers that when they are doing
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these kinds of trials, that they include sone kind of
guestionnaire that |ooks at system c synptons, somatic
synptons, at the tine a device is put in and foll ows that
over a period of tine.

|f that were available with silicone breast
i npl ants, we woul dn't have had the problemw th breast
inplants that we did have. The |lack of data was really what
fueled a lot of the problens with silicone breast inplants,
not commenting in any way on my own opi nion about what
happened with silicone breast inplants.

| think that it is inportant, even though we m ght
not feel as though there are any potential systemc
conplications fromone of these devices, the sane thing was
t hought 20 years ago with breast inplants. Now, there are
ot her nedi cal devices where there are systemc ill nesses
bei ng al | eged or purported.

| think that if you require the manufacturers or
at |least suggest it for their own benefit that they collect
that data, you m ght be ahead of the gane a little bit.

DR. HANLEY: Thank you.

DR. NELSON: Just nore of a question, Dr. C auw.
How woul d you separate out the iatrogenic effect, then, of
t hese kinds of questions? Should |I have this problem-if
they are asking do you have this, this, this and this, how
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woul d you | ook at kind of separating out the possible
iatrogenic effect of all of these questions.

DR. CLAUW If you are using the sane set of
gquestions in both a treated group and a control group and
you have picked your control group appropriately, then that
shoul dn't be an issue because, in npbst cases--and, once
again, you get to this notion of what is a control, what is
a conparison--but, in nost cases, the conparison group wll
have received sone type of treatnent and so there won't
be--the people that receive one treatnent will think they
are supposed to devel op one set of synptons whereas the
peopl e who receive a different treatnent wll think they are
supposed to devel op anot her set of synptons.

In general, | think we can worry about the data
afterwards and how you interpret it, but if you don't
collect it, then you have a far bigger problemthan how you
interpret it.

DR. BOYAN: Along the lines of what you are
saying, one of the things that did strike me as | | ooked
t hrough the information that we had to prereview before we
canme here, is the standards of our biological know edge of
mat eri al s and how bodi es respond to themis orders of
magni tude greater than it was at the tinme that the two
currently approved, through PMA, products went through the
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system

The term nol ogy that may have been used then,
bi oactivity, benign, the whole series of terns that would
have been used then, would not be used now A lot of these
issues wll now be answered in preclinicals. Through
ext ensi ve toxicol ogy studies, there is nmuch nore awareness
of other tissues in the body that m ght be affected,
system c effects, that were not of concern at the tine that
those two products were revi ewed.

| think that many of the questions will be sifted
out by the preclinical information and won't even need to be
asked in the human trials.

DR, SILKAITIS: | just wanted to make a coment
for the panel nmenbers to give a perspective of industries
who have already done two PMAs for these types of products.
These trials are exceeding difficult to conduct. There is
wi de patient variability. Part of that is because there is
non-uniformty of the injury. The treatnent nethods; one is
pl ani ng, one is rodding.

There are other systens that are used to fixate
the bone. The quality of the patient is another issue that
crops up in these clinical trials that always the patient
that is injured is not froma reliable patient or that the
doctor/patient relationship does not exist so that the
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follow up certainly becones difficult when he is seeing a
doctor that is not his own doctor.

The other gets into the nunber of patients that
are available at a particular investigator site. W my
need many, many investigator sites. That becones a
conplication in the statistical analysis.

The other itemis the fact that there are a w de
variety of materials. W have ceram cs that resorb,
ceram cs that don't resorb, and we have inductive proteins
t hat di sappear in a very short period of tine.

All these factors create hurdles in conducting
these clinical trials. And, with that, is the cost. The
two trials that were done through the PVMA took nore than
four years to conplete and probably | onger with the anal yses
that are there.

So these are not easy trials to conduct. The
i ssues that have been presented here are certainly key
I Ssues.

DR. HANLEY: Thank you. | think we are ready for
our questions.

Di scussi on of FDA Questions

M5. NASHVAN.  During the process of going through
the FDA's questions, | would just |like to rem nd the panel
that it is appropriate and fine and dandy to just ask our
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speakers any questions as they nay apply. They are here for
our benefit and it is best that we utilize their know edge.

Thank you.

DR. HANLEY: The questions have been displ ayed
previously. | wll read the questions in order. W can go
t hrough them and conmment upon the questions. Then | wl|
attenpt to summari ze each

Question No. 1; nechanical properties, preclinical
testing. Wat would you consider to be inportant nechanical
properties for a bone void filler and what preclinical test
woul d be hel pful for short-termand | ong-term assessnent ?
In answering this question, consider the follow ng: (a),
mechani cal | oading variability associated with different
anatom cal sites, differences between cortical/cancell ous
bone, netaphysi s/ di aphysis, differences between spine and
| ong bones, fracture type, et cetera, different types of
fractures, tunor-resection defects, et cetera;

(b), material resporption rate, considering the
material's time-dependent |oad sharing with internal
fixation and | ong-term nmechani cal requirenents after
fixation is renoved;

(c), changes in the material resulting fromm xi ng
wi th aut ogenous bone, altering the material's inherent
properties and potentially affecting | ong-term conposite
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strength as osteoi nductive processes nodul ate the rate of
bone resorption or deposition.

This is Question 1.

DR. GREENWALD: In sonme sense, just reiterating
sone of the coments | made, | think it is inportant, as you
speci fy nechani cal properties and nechani cal | oading, that
it is going to be site specific. Not every type of bone
void filler is going to be suitable for every aspect of the
skel etal system

| think it is fairly obvious that if we are
tal ki ng about segnental bone repl acenent, structural
strength becones a very inportant paraneter. Bending
strength, conpressive strength are factors that weigh very
heavily in the durability of such.

Talking in terns of the tibia, it is quite obvious
t hat conpressive | oading and | oadi ng under repetitive cyclic
envi ronments becones very inportant. Again, | want to
reiterate what | inferred which was reinforced by Dr. Boyan
we are, oftentines, tal king about singular materials
becom ng conposite materials during the biol ogical process.

When t hat happens, through a period of
substitution, that material, itself, nmay becone weaker
rat her than stronger and the reliance then becones nore--the
reliance that exists for adjunctive fixation.
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| alnost hesitate to give you a specific type of
engi neering test, but they are very, very standard in
conduct. The question is to have sone paraneter that they
must live up to in an in vivo environnment recognizing that
t hose properties will, indeed, change over tine as the
filler does its job.

DR. MARKOLF: | think that when we tal k about the
term "bone void filler," we have to see what the intended
application is. W saw this norning a nunber of instances
in which we had | arge cystic defects that the orthopedic
surgeon felt nore confortable putting in the bone filler.

Does this have a nechanical role and is it
expected that this bone filler may, then, eventually renodel
with or without inductive agents into a nore suitable
| oad- bearing structure.

We can tal k about bone void fillers for cortical
hol es or segnental defects, as Dr. Geenwal d has said.
Basically, we have to define what our renodeling
expectations are for that filler. Is it just supposed to
| ook pretty, or is it supposed to actually develop into
sonething that will carry | oad.

In terms of preclinical testing, | think when we
are tal king about the osteoinductive agents, in particular,
we have to go to animal nodels and then we have to nake
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sure--basically, the rule of thunb here is that the type of
mechani cal test that you do is tailored to the individual
application for the bone filler. That seens pretty nuch
obvi ous.

When we are tal king about animal nodels, we have
to also consider the simlarity of the defect site to a
simlar defect site in humans. |In terns of the mechani cal
| oadi ng, does the bone that we are creating the defect in
serve the sane nmechanical function as it does in the human
and what is the blood supply to that area. |s the bl ood
supply to that area simlar to a human application?

In terns of the resorption rate of the degradable
materials, basically we have a race between resorption rate
and the rate of bone formation. That may not translate from
an ani mal nodel into a human nodel. These rates nay be
different in the two species. O course, we can do sone in
vitro degradation tests in saline and other sinulated test
in the | aboratory, but that may not get to this issue of
differential rates in the animal and human nodel .

Finally, when we are tal ki ng about the
bone-i nducti ve agents, we have to | ook at dose response for
t hose agents. Again, that may not translate into the human
application but animals are certainly, in terns of dose per
body wei ght, a good place to start.

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

So these are sone of the factors that you have to
indicate. The rule of thunb here is to tailor your test for
t he application.

DR. MAYOR: That gets down to what | woul d think
woul d be the only workabl e approach in terns of a general
perspective to bring to the process and that is to | ook very
closely at what the sponsor's clains are for the function of
this inplant and then design the tests to see if, in fact,
the sponsor's clains are likely to be fulfilled by virtue of
t he mechani cal properties of the inplants being pronoted.

It al so nmay be productive to naintain in mnd a
coupl e of broad categories of inplant function that we see
al ready well established in orthopedics. That has to do
with the distinction between an orthotic application in
which the inplant is expected to function for a brief period
of time until such time as that body part, in relationship
to that inplant, takes over, and then the inplant has no
further inportant nmechani cal function to serve, versus a
prosthetic one in which you expect the inplant to continue
to function nmechanically and inportantly forever.

| think those distinctions may have sone benefit
to the FDA and to the sponsor.

DR. HANLEY: Keeping in mnd that there is sone
desire here for an evolution froma prosthesis to an
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orthosis as tine goes by.

| will try to summarize the comments that have
been made so that we can put this in perspective. It is
generally held that ascertaining and testing of the
mechani cal properties of these devices as they are presented
is inportant, that they should be tested based upon their
i ndi cations that are proposed for them

W like the site definition in conjunction, site
met aphysi s, diaphysis, spine front, back, in conjunction
wi th considerations of other uses such as bone defect
substitute which then, obviously, you have a prosthetic
desire for the inplant versus a cancel |l ous supplenent or a
non-structural supplenmentary bone void filler.

So the testing should be geared to those specific
i ndi cati ons.

The testing al so should take into consideration
the dimnution in nmechanical properties over tine that
shoul d be expected from sone of these devices. That neans
physi ol ogi ¢ or near-physiologic testing either in the
| aboratory sinulated as best as possible in an aqueous
environment over a period of time and the inclusion of
ani mal nodel s which are a better prelimnary test of the in
Vi vo situation.

It is the general feeling that there are aninmal
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nodel s out there which could provide good information with
regard to what is going to happen to these things over tine
if selected properly.

Any ot her comments?

DR. GREENWALD: The only other comrent | woul d
add, Dr. Hanley, and | said this at the beginning, that we
are going to be dealing wwth materials now and into the
future whose nechani cal physical properties may be different
in different directions. | amtalking about anisotropic
materials as opposed to isotropic materi al s.

| think that considerations |like that weigh very,
very inportant in the manner in which these devices are
utilized in the body. The best biological exanple | can
give you is allograft use in and around the acetabul um
whi ch, in some hands, has worked and, in other hands, has
been a di smal experinment.

DR. HANLEY: This just gets to the point of
specific--we are not here today to design a specific,
mechani cal test, but tailoring the specific nechanical tests
initially and over a period of tinme to the specific materi al
properties enployed and the specific indications that are
pr oposed.

DR. ROSENTHAL: | would |ike to make a very brief
comment that has already been alluded to, but I think it is

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

inportant that the regulatory stance that is proposed not
stifle a short-term application because long-termcriteria
cannot be net. There are applications in bone void fillers
for patients with a very short life expectancy; netastatic
di sease, painful vertebral collapses, and so on.

In those instances, considerations that m ght
apply to a tibial plateau fracture don't apply. It is
obvi ous, perhaps, but I don't want it to get |ost here.

DR. TRIPPEL: It may be just being taken for

granted but, in case it is not, | would like to comrent for
clarification that the bionechanical testing, | presune,
woul d not just be of the bone void filler, itself. It would

i nclude interface nechani cs because the way in which the
material relates to the bone, either with chem cal bond or
bone ingrowh or fibrous tissue apposition, would nmake an
enornous difference in how the body could be used.

DR. HANLEY: Very good.

DR. LANE: |If the conparison, really, is to
aut ogenous graft--that is basically what we have--or healing
w thout graft, the m nimumrequirenment mght be that the
construct, including the fixation and the device, was graded
as conpared to the autogenous conparison to which it is
done.

It could even be worse than that at first, as |ong
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as the total construct was there. |If it was bad in the
first two weeks, it mght not be very inportant because
Barbara is tal king about using things for carriers cells, et
cetera. But as long as the total construct, the fixation
pl us the device, was conparable to the autogenous
application throughout the course, including the renoval of
the device and long-term that would also allow you to | ook
at long-termrenodeling and take care of things |ike

al lografts at seven years, five years.

So that is what your gradi ng would be conparison
against. And it would allow you to then | ook at the
different | ocations and give you a standard.

DR. FRI EDLAENDER: Just a word of caution for the
future when we tal k about m xi ng with aut ogenous bone.
There are very few circunstances where these materials
and/ or constructs are used in a non-orthotopic site which
means, by definition, there are autogenous resources
avai lable. So it becomes qualitative rather than
guantitative.

DR. HANLEY: Right. W would have to take that
into consideration. | don't think we can consider every
i ndi vidual situation. W want to provide broad guidelines
for this but I think all the points are inportant.

Question No. 2, study design. How should
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differences in anatom cal site and indications be addressed
in the study design? Are there specific indications or
anatomcal sites for which it would be appropriate to
extrapol ate data fromone to another? (b), what |ength of
follow up is necessary, keeping in mnd differences in
material resorption rate, data size and | ocation.

Let's address the first one. W have had
ext ensi ve di scussion about this site issue. Do we need to
el aborate nore?

DR. BOYAN: | would like to elaborate to the
extent, not to say that bone is bone because, site by site,
bone isn't bone, but | don't think that we need to separate
so conpletely the dental and oral and maxillofacial surgery
applications fromthe orthopedi c applications.

There is a trenmendous body of data that is being
generated in the oral and maxill ofacial surgery arena that
has direct application. Large segnental defects in jaw are
not identical to | arge segnental defects in the radius, but
they are not that different.

Defects in the condyle, while they are not
identical to defects in the fenoral condyle, they al so share
some simlarities. So cross-referencing of data, | think,
is certainly useful, specifically as it relates to safety
issues. | think that a ot of the safety issues can be

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

solved with just one or two denonstrations of safety. It
doesn't need to be done conpletely in one arena and
conpletely again in the other and then, with targeted trials
for efficacy as opposed to having to do these trenendously
large clinical trial for efficacy.

DR. MARKOLF: | think before we | eave this, we
were asked the question about different sites. Yes; | think
you can extrapol ate. For exanple, we saw this norning--sone
of the distal cystic |lesions that we saw coul d be
translated. Their bony architecture is simlar and the
| oading function is simlar. It is the sane thing with
m d-shaft defects in the tibia or the fenur.

DR. HANLEY: W don't want to nake a long list of
different sites and different conditions but suggest to the
FDA that there are various nechani cal aspects of these three
or four different things that were di scussed, netaphysis and
di aphysis. And the other things to consider are segnental
bone defects where, obviously, the loading is going to be
different in all planes, and sone di sease processes al so.

We woul d suggest that we try to sinplify this as
much as possible but, at the same tinme, recognize the
different applications and the different nmechanical forces
seen for these different applications.

DR TOMFORD: | would just like to add that we
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heard this norning fromtwo or three of the speakers about
the role of the blood supply to the anatomcal site. So
when we are conparing or extrapolating data fromone site to
another, | do think we have to be careful about
extrapol ati ng, say, fromthe netaphysis to the diaphysis.
The netaphysis of one | ong bone may be simlar to the

met aphysi s of another |ong bone, but it may not be simlar
to the di aphysis of another |ong bone.

DR. HANLEY: | would agree with that and | think
we have stated that, that in probably no instances woul d we
extrapol ate from a netaphyseal region to a di aphyseal
region. But we mght extrapolate froma netaphyseal -1i ke
region to anot her netaphyseal -1ike region.

DR. TRIPPEL: W were al so asked to address the
extrapol atability of indications. Certainly, sone
indications are nore simlar than others. A defect in bone
that will not heal as a result of a tunor resection is,
per haps, sonmewhat simlar to the defect that is left by
trauma, but a critical size defect is not, necessarily, the
sanme as an acute fracture which mght require a different
type of bone filler and m ght respond to that bone filler
differently.

DR. HANLEY: Dr. Friedl aender brought that up
today that a tunor patient is different froma traum
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patient and a pediatric patient is different froman adult,
an old, patient. Radiation, chenotherapy, all those things,
have an infl uence.

So we need to match, as best as possible. W are
not here to create a nmatching table today but rather to
suggest that there are different types of hosts, different
types of bones, different types of bl ood supplies wthout
trying to m cromanage everything, try to take those into
consi derati on when considering a study design.

| would |ike to address the (b) part of this
question which is the length of follow up necessary. Here,
we are tal king about human clinical studies. This is always
an issue.

DR. RANGASVWAMY:  Woul d your length of follow up
not depend upon the endpoint you want to | ook at? For
instance, in a tunor patient, you don't want, necessarily, a
two-year follow up of sonething which you mght want for
ot her devices. So | just wonder what endpoint you are
looking at. If it is just healing and you have established
that there is healing, that is the endpoint and that would
be the duration of follow up.

O you could establish that, if it doesn't seemto
heal, how long wll you continue to follow it and at what
point will you decide it is a failure. So it would depend
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on the criteria that you establish for success and failure.

DR. HANLEY: | think we have al ready established
that healing is not a satisfactory endpoint in any study
that is presented, that we need patient outcone and clinical
outcone and, in certain instances, inaging outcone.

So we have faced this before in our panel.
Healing is not satisfactory. So | think we can get rid of
that thing. The question is what is the appropriate period
of clinical follow up. | think we can exclude from our
di scussion right now tunor patients and things |ike that.
Let's tal k about reconstructive bone surgery.

DR. TRIPPEL: | would agree with Dr. Rangaswany
that it depends on the indication. If you are | ooking at
the effect of a bone filler on the stability of a distal
radial fracture and your product is going to be asked to
provi de structural support for several years as it resorbs,
then the duration of the fracture will need to be several
years.

| f you are going to be using a product that is
made out of a synthetic polymer that is going to be gone in
si x nmonths and replaced by bone in six nonths, then the
duration of follow up should not |ogically be several years.

DR. HANLEY: Could I get another opinion on this?

DR. MAYOR | think we have a pretty well
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est abl i shed general agreenent, part of it sponsored by
organs like the JBJS, that an acceptable clinical cadre has
to be followed for two years to get any realistic answers to
relatively long-term even though that is a very short-term
in some circunstances.

But it is not realistic to require for criteria to
approve a followup period of ten years regardl ess of what
the question is because nobody is going to be able to cone
to market if you inpose that burden on them

So, realistically, while there nay be
ci rcunst ances when FDA mght find it appropriate to shrink
the follow up to a shorter period of tine, you are stil
left with the safety issues that nmay have to be answered and
those, | find it hard to believe, would be satisfactorily
quelled with a three to six-nonth follow up duration

DR. HANLEY: | think that summarizes extensive
experi ence and di scussions we have had concerning issues
like this. | think that is a satisfactory answer. That
woul d be viewed as the standard and there may be speci al
situations where it is | ess or nore.

But we are | ooking at the whole patient and the
product together. Two years would be our standard.

DR. FRIEDLAENDER | am having trouble putting a
precise tinme on a process that varies so nmuch from one
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indication to another and feel nore confortable talking
about reasonabl e endpoints, a plateau of the response that
you are trying to neasure and stability of that response for
sone period of tine.

| think that we have seen that there is a
tremendous anount of investnment in the concept of repair of
non-uni ons, for exanple, where we have al ready collectively
agreed that nine nonths is a reasonable follow up.

| think we have to be consistent about the way we
approach results. | amvery synpathetic to your point of
Vi ew.

DR. HANLEY: | think that is a good addition to
t he question, that if we can neasure in a validated fashion
the state of the situation or individual or problem
bef orehand, and then, in a valid fashion, neasure an outcone
t hat goes up a sl ope and then peaks, if someone woul d be
able to do that, then we could use that as valid scientific
i nformati on.

We had discussed this yesterday, | believe.
Barring that, and going back to our ol d-fashi oned ways, we
have to come up with sone tenporal ballpark figure and then
make exceptions to it, | believe.

DR. MAYOR: Just a point of clarification, though,
Gary. | think what Dr. Friedl aender has pointed out is not
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so much a criteria for evaluation of outcome but inclusion.
The concern that existed in relationship to non-unions was
is it a non-union or not. It isn't a non-union until it has
been foll owed for six nonths and then hasn't changed for
anot her three.

So that is at the other end of the issue; how do
you get the patient into the study, not out of it.

The other thing that I think we m ght be able to
help with, but I amnot sure, has to do with what the
response has been on the part of the insurance agencies out
there who have tried to avoid the financial burden for
covering treatnent nethods by virtue of referring to this
criteria that we establish for purely scientific reasons.

It had nothing to do with whether or not it was appropriate
to apply the treatnment to a clinical situation

So | would hate to see us getting into that rats
nest by virtue of inadvertency in this forum anyway.

DR. HANLEY: Okay. | think all the issues have
been addressed on this. Qur job is to provide insight and
advice to the FDA. | think we have done that with regard to
t his.

Question No. 3; imaging studies. Safety; what
i magi ng nmet hods are appropriate for the assessnent of
material fracture and mgration? Effectiveness; which
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radi ographic criteria do you believe to be the nost

meani ngful for evaluating device effectiveness? To what
degree can radi ographic data be expected to correlate with
clinical outcone?

We have di scussed these issues, particular this
ef fectiveness one. Let's start off with (a), safety;
material fracture mgration. W have discussed the nmenu of
i magi ng procedures that we have avail abl e.

It has been stated that plane radiography is
probably our best tool as long as we can standardize it as
best as it can be standardized. |Is there a need for other
thi ngs? Should a protocol include a CT scan, a CQI, an MRl ?

DR. TRIPPEL: Sone of the synthetic polyners may
not show up on plane X-ray. |If there is a concern about
m gration and you need to know where the inplant is going,
then an imagi ng nmethod that will reveal its |ocation would,
of course, be needed.

DR. BOYAN. One of the things that has concerned
me is that many of the materials that are being devel oped do
have a m neral conponent to them Wthout making any
statenent as to whether that is good or bad, it does have
its own inherent radiopacity and we shoul d encourage
i nvestigators to consider subtraction radi ography to
elimnate the contribution of the material to what m ght not
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be as positive a radiographic result as what it m ght | ook
like.

DR. HANLEY: | think the sinple answer to this
question is that the inmagi ng study should be tailored to
what we are trying to study. WMny tines, plane radiography
wll be sufficient. It is certainly nmuch nore cost
effective.

But, in certain instances, sone of the nore
sophi sti cated neasuring devices may be necessary.

Ef fecti veness. \Which radiographic criteria do you
believe to be the nost neani ngful for eval uating device
ef fectiveness? To what degree can radi ographic data be
expected to correlate with clinical outcone? | think we
have di scussed this also, that the plane filmis the best
thing we have. There are circunstances where ot her inmaging
nodal iti es woul d be appropriate.

These need to be considered each tinme. W do not
know the correl ati on between radi ographic or inmaging studies
in the clinical outconme because, in many instances--in al
i nstances, the radiographic features |ag behind the clinical
situation. In many instances, we have not been able to find
a correlation.

So we need to do all. That is why we have
suggested that clinical outcone neasures from both sides,
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including the patient's side, be perfornmed in addition to
ot her objective neasuring studies.

Question No. 4; clinical effectiveness neasures.
What clinical endpoints and assessnent tools are appropriate
to evaluate clinical utility? Wat are the appropriate
success criteria for this product keeping in mnd that there
is an inherent benefit of bone void fillers conpared to
autograft in that a second surgical site is not required.

Let's start with Question (a). Wat clinical
endpoi nts and assessnent tools are appropriate to eval uate
clinical utility?

DR. GREENWALD: | think we have sort of been
around this before in a certain light. If we are talking
here about patient assessnent and clinical outcone,
certainly the standardi zed tools we were referring to
yesterday, the Wonack, the SF36, are all effective neasures
of assessing the success of a particular procedure, | would
t hi nk.

DR. HANLEY: | think so. | wll paraphrase what
Dr. Nel son had said before which, | think, we have pretty
much agreenment on. He can comment on this. |In order to
really do this properly, we need a validated neasurenent
test for quality of life, patient satisfaction, inpairnent.
And it was al so suggested that we have, if that is not
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heal t h.

DR. NELSON: | think the other issue, as Dr. O auw
brought up, is the issue of the second site and sone ki nd of
speci alized questions. But | think the issue really is a
reliability, validity, that, again, it is related to race,
gender, age, those kinds of things that we ask the
manuf acturer to provide.

If they can't provide it, | think we should ask
themto do sone pilot studies on the reliability instrunent,
at | east sonme pilot work to showthat it is related and
reliable and valid, in terns of patient satisfaction
guestions and things |ike that.

DR. HANLEY: Again, | would enphasize that
t hroughout our discussions today and in recent nonths and
years, we want to enphasize how inportant it is to get the
patient's view of how they are doing and separate that from
our view which may or nmay not be biased. It probably is.

DR. RANGASWAMY:  But one would still have
obj ective--besides the patient-satisfaction neasures, one
obvi ously has objective clinical measures, too.

DR. HANLEY: Right; we would not limt it just to
pati ent-satisfaction neasures, but that would be one
conponent of that that is separated out.
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VWhat are the appropriate success criteria keeping
in mnd that there is an inherent benefit of bone void
fillers conpared to autograft and that the second surgical
site is not required. Dr. Lane alluded to this today that
there are seven or ten or 15 or up to 30 percent incidence
of conplaints and probl ens associ ated w th aut ol ogous bone
procurenent sites.

Any individuals involved in spine surgery where
that is a common thing will know that. So you are out of
t he--the conparison group imediately is worse off because
t hey have a second surgical procedure. How do you take that
i nto consideration when assessi ng outcone of these things?

DR. BOYAN. First, | would like to anend it to say
that a second surgical site may not be required because
there could be instances where it would be--the bone-graft
substitute m ght not conpletely replace autol ogous bone
graft or marrow.

Certainly, that is why we are doing this. That is
t he facts.

DR. MAYOR In addition to that, there are
ci rcunst ances where aut ol ogous bone can be obtained w thout
a second surgical site so both sides of the equation are
real .

DR. TRIPPEL: There is yet another pernutation on
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that and that is, in sone patients, you don't have enough
aut ol ogous bone |l eft to use so you have to use bottled

all ograft bone. That would be your control in those

i nstances, in which case, there is no second surgical site.

DR. HANLEY: | would nmeke the case that our
measur enent tools should neasure different things and that
the nmeasurenent tool will need to neasure the radiographic
and clinical and patient-satisfaction success of what was
trying to be acconplished, be it the healing of a | ong bone
or a spine arthrodesis or what have you.

The measurenent tool should al so be geared toward
measuring the inpact of a donor site or |ack thereof on the
i ndi vi dual patient who is his own control there. | think we
have to build that into the system

| don't think you can deem an acceptabl e result
while these patients--they didn't really heal their
fractures but they were happy because they didn't have to
have a bone graft versus these guys heal ed but they didn't
have a bone graft.

So we have to sort all that stuff out. | think
the tools will enable us to do that as |ong as we renenber
that we have to nmeasure each thing that is done or not done
to an individual patient.

DR WTTEN: | do have one additional question

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546-6666



at

along the lines of Question 4(b). | would just like to
mention the question that actually was posed by the industry
speaker during the open public comment session, and that is
to ask the panel to comment on the role of bone biopsy in
clinical studies given that that woul d be an additional

surgi cal procedure.

DR. HANLEY: Conments?

DR. BOYAN: | think any tine, if a case could be
made for bone biopsy, really made for it, | could see a
value to it. But in these studies, the information that
woul d be obtained froma bone biopsy could al nost certainly
be obtained in the preclinical studies.

Then to ask a patient to undergo a bone bi opsy on
top of the treatnment, to ne, seens superfluous and actually
contraindi cated because it is superfluous. But nothing is
ever 100 percent. So | could perceive of there being a
bone-graft substitute proposed for which a bone biopsy would
be absol utely required.

DR. HANLEY: W have di scussed that specific issue
before. | think we did it yesterday in a different hearing.
| would agree. | think you want to mnimze the insult to
the patient and another surgical insult, if it is not
necessary--nmuch of this can be obtained from preclinical
testing and can be obtained from-hopefully, alnost all of
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it. And then we can nonitor clinical progress, success or
failure based on the things we have di scussed such as the
out cone neasures and the imagi ng studies.

DR. FRIEDLAENDER | would agree with that. |
think it gets to a broader issue of burden of proof. There
undoubtedly will arise a situation where the burden of
proof, by nature of the claim may require sone
extraordinary additional assessnent.

The other side of that coin is that as we change
or expand indications of use fromdi aphysis to netaphysis
and from segnental defects, bone void, arthrodesis, et
cetera, that the burden of proof, perhaps, isn't
necessarily--it doesn't need to be quite as high.

So | think we need sone flexibility both to
mnimze the extent of burden of proof in expanding
i ndications in sonme areas and, undoubtedly, w th new cl ai ns
and things that just can't be sorted out, in the unusual
case where preclinical and animal investigation is
i nadequate, | think we have to | eave that open as an
alternative

DR. TRIPPEL: | just like to add one nore nail to
the coffin of bone biopsy. There was a study done by
Mascol o a few years ago | ooking at allografts in which he
di d biopsy several. He found no correl ation between the
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results of the biopsy and the healing of the graft.

As Dr. Friedl aender showed, bone healing is a
dynam c process so there nay be a biopsy of one area that
doesn't show healing yet. 1In nost of the rest of the graft,
there is healing.

Secondly, you convert what is a closed situation
to an open situation which, in orthopedics, is a very
dangerous practi ce.

DR. HANLEY: | think we have a good consensus on
that, that in nost instances, we would not think the bone
bi opsy i s necessary, but there may be exceptions.

M5. NASHVAN. At this tine, | would like to thank
all the panel menbers and the distinguished speakers for
your tinme, your effort and your energy. | would like to
rem nd the panel nenbers that if you have any of your review
material that you would Iike to be destroyed, you can just
| eave it on the table by your nanepl ate.

None of the material provided for today's portion

of the panel is confidential so you may feel free to take it

home with you. |If you have any witten notes, | would
appreciate it if you would take them honme with you. If you
| eave themon the table, they are fine. |If you hand themto

me, they beconme part of the record.
Thank you very nmuch. At this point, | presune the
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nmeeting i s adjourned.

[ Wher eupon, at 2:15 p.m, the neeting was

adj our ned. ]
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