~
O M=]1)
Innovation Meets Evolution...EBI Spine is now: St el N/
SPINE

Think of a spine stimulator with
the following capabilities. .

« Effective In various cases
* A double-blind placebo controlied trial demonstrated
radiographic and clinical success rales

« Easy to use - the smallest and fightest of its kind

+ Demonstrated safefy profile




The Biomet SpinalPak’I1 is all of those and more...

Whether it's clinical success or scientific proof, you can find

- the answer in the SpinalPak N.

+ 84.7% fusion success rate with both clinical and
radiographic measures’

= The SpinalPak Il was proven more effective than
placebo in smokers, those without instrumentation,
and those with multiple level fusions’

+ Compact and lightweight design allows for enhanced
patient compliance and comfort

« The Capacitive Coupling signal that is singular to the
EBI SpinalPak Il has a demonstrated Mechanism of Action”

Ask your Biomet sales representative about
how the SpinalPak Il upregulates BMPs and

potentially heals your patienls faster.

Ralyrences:

| SpinalFak PAA FRSO02ISE

2 Lovich, Dewn 8. Mediating the Rasponse of Bone L 3pacitivs Coughing.
Ginical Orihepaecics and Rafaled Ressdecn, o, 350, pa. 296-256, 1958,

100 Interpace Parkway Unless otherwise indicated, ™ denoles a trademark, and @ denotes 2 registered trademark, of one of the foliowing
: : companigs: Biomet, Inc.; Electro-Biolagy, Inc.; EBI, LP: Rilsctron, tng.: EBI Medical Inc.; Interpore Cross International,

m Parsippany, NJ 07054 Inc.; Cross Medical Products; or tntarpare Orihopaedics, Inc,

SPINE www.biometspine.com
800-526-2579 . Copyright 2006 EBI. ANl rights reservad  PAN 206057t Rav. 10408




IAMET

; OSTEOBIOLOGICS

OrthoPak®2 Bone Growth Stimulator

+ Proprietary capacitive coupling technology offers a large field
of influence within area of electrodes for treating even your largest
fracture site.

Flexible electrodes allow for easy placement even in the most
difficult-to-reach nonunion fracture sites.

Capacitive coupling stimulation upregulates naturally
Electrodes adhere directly to skin for sasy placoment. occurring BMPs. BMP-2, 4, 5, 6, 7, TGF-B, FGF-B, VEGF, and PGF?
Red arrows indicate fisld of influence,

Continuous 24-hour treatment provides an optimized treatment dose,

-

Rechargeable battery system offers convenient easy treatment
maximizing patient compliance.

Alternating low-voltage capacitive coupling technology —
expands in soft tissue lo treat farger areas.

Low profile electrodes aliow them to be worn under
any type of brace.

Product Information

OrthoPak2 Bone Growth Stimulator

Item No. 5230

Physician Test Kit 5235 (adapter with meter)

R Only - By prescription only

i For dull prescritieg inloemation, contact Bromad, wadess gibwrwise ingicated, ™ danotes 2 Iracsmark, dnd @ denodes
00 Interpace Parkway 3 fegistered tradeirark, af one of the Slomel companias, Exogen and SAPHS ar regisieed Lademarks of Exogen,
Parsippany, NJ 07054 I, Drihakeqls bs & fegielaced Irademark of Orthalagic Corp, Physic-Siim is 2 regisiared tradsmark of AME!
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OSTEOBIOLOGICS

OrthoPak®2 Bone
Growth Stimulator

The Lightest And Most Canvenient Way
To Treat Nonunions

« Clavicle

* Proximal Humerus

= Proximal Femur

* Moatatarsal







Optimize the Most Appropriate Bone
Growth Stimulation Options for Your Patients

EBI’
I F B@NE?% EALING
‘ I MSYSTEM®

EBI’ .
STEO\EN

OprTIMAL POTENTIAL

FOR EARLIER HEALING

10-hour optimal treatment dose for
potential earlier healing'

Only EBI's PEMF offers clinically
effective treatment with easy-to-use,
lightweight, ultrasoft FLX*® ﬂemble
treatment coils

Three approved indications:
nonunions, failed fusions and
congenital pseudarthrosis in the
appendicular system

-

Supported by over 250 published
clinical studies and over 300
published basic science studies

Over 22 years of clinical use...
prescribed by over 39,000
orthopaedic surgeons for over
290,000 patients

EBI Bone Healing
System® can be
attached to a belt,
which offers total
maobility while
treating

Red area indicates

field of influence

For more information, contact your EBI

representative today or call 1-800-526-2579

References: |, EBI PRA PTRIGIRS 12

OQuteoOen i & trsdemark of EBL, Le. FLX and EBI Bone Healing Syster are
registered trademarks of EBI, Le. OrthoPak is « regiitered trademark of Biolecuon, Inc.,
which is a subsidiary of EBL EB[ is 2 registered undemark of Electro-Biology, Ine.

B onty
For full pressribing nformation, contact EBIL LR, = pubsidisry of Biomer.

* EBI's Mechanism of Action imvolves the upregulation of BMPs and other cacoprometive

factors as demonsirated in in vitro and anural in vivo stodies.
dis4 20 2005 EBL LR All ights resarved.

d Bone Growlh Stimulator

OPTIMAL SURGICAL
ADJUNCT

* Only EBT’s direct current technology
offers a totally implantable device,
so it assures total patient compliance
24 hours/7 days a week

Available with single or dual leads
and with either straight or mesh

o - o
ALULIVUG WULILLE UL L

Implantation does not require
special instrumentation, and can be
used with any

surgical technique

Low-profile generator
can be easily implanted 1o
trear most fracture sites

Red area indicates
field of influence

Biolectron
O THOPAk

OrrivMaL, COMFORT

* Only EBI’s capacitive coupling -
technology offers the lightest,
smallest, most compact, 24-hour
noninvasive treatment

+ Virtually no weight or system
discomfort at fracture site—
enhances patient compliance

Electrodes adhere
directly to skin

for easy treatment
placement

Red area indicates
Sield of influence

EBL Turning the Science of Bone Formation

Into the Success of Bone Healing

EBIl, Lr
100 Interpace Parkweay
Parsippany, NJ 07054

www.ebimedical.com

A BIOMET COMPANY

1-800-526-2579

PN 1914570 308



EBI...The Only Company that Can Offer You Both
Implantable and Noninvasive Spine Fusion Stimulators

SpF

Implantable Spinal
Fusion Stimulator

* More efficacious than autograft alone'?

Sﬁ%fmlPAk’II

Spine Fusion Stimulater

* SpF (Direct Current) and SpinalPak (Capacitive Coupling) technologies involve
the upregulation of numerous BMPs and osteopromotive growth factors™

* Backed by over 30 published scientific and clinical papers
« Surgeon CPT codes available — reimbursement for implantation and/or explantation

For more information, contact your EBI
representative today or call 1-800-526-2579

References:
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' PMA, PRIOOIUSH, Sept. 24, 1999

“EBI's Meckanizm of Action invalves the upfegulation of BMPS and olber cascopromutive
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The Role Growth Factors Play In Bone Healing

The first several days after a fracture, there is an inflammatory
response. Platelets, inflammatory cells, and mesenchymal
stem cells enter the treatment area and form a hematoma at
the fracture site. Over the next few weeks, chondrogenesis
occurs, forming fibrocartilage across the fracture gap. This
fibrocartilage becomes the framework for bone calcification.

Biomet Biomet Biome
PEMF cc De
Stages v v V
BMP-2
{Bone Morphogenetic Protein-2) v B v v
BMP-2 is produced by osteoblasts
BMP-4
(Bone Morphogenetic Protein-4) v V‘
BMP-4 is produced by osteoblasts o
BMP-6
{Bone Morphogenetic Protein-6) v v
BMP-7
(Bone Morphogenetic Protein-7) \/ ‘,
Or Dsteogenic Protein-1 (OP-1)
BMP-7 has been involved in bone healing
TGF-M (Transforming Growth Factor-Beta)
TGF-B, is found in proliferating mesenchymal V V

stem cells, osteoblasts and in the matrix

FGF-2 (Filroblast Growlh Factor-2)
FGF-2 increases the recruitment of osteoblast
and osteoclast precursor cells
and stimulates angiogenesis

VEGF (Vascular Endothelial Growlh Faclor)
VEGF is involved in bone healing

PGE, Prostaglandin E,
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Week 1

Weeks 2 -4

Weeks 4 - 12

Weeks 12 - 40

Hematoma Formation -

MP-2 is induced immediately
it fracture, when mesenchymal
stem cells are recruited
to the site of injury.

Chondrogenesis -

BMP-2 promotes bridging of callus,
and stimulates mesenchymal cell
differentiation to a
chondroblastic lineage.

Calcification And Vascularization
Of Fibrocartilage

BMP-2 increases overall callus area,
accelerates conversion from soft to
hard and bony callus and
stimulates osteoblast migration
and differentiation.

BMP-4 has been found to play a
critical role in the differentiation of
mesenchymal cells.

Found in high levels in newly formed
bone, BMP-4 levels peak during active
osteogenesis, predominantly in
osteoblasts lining the calcified
cartilage matrix.

BMP-6 influences proliferation and
differentiation of mesenchymal cells,
as well as increasing
chondrogenesis and osteogenesis.

BMP-6 initiates osteoblast
differentiation.

am cells are actively recruited
from the blood supply and
surrounding tissues. BMP-7
:ates an environment in which
stem cells multiply prior to
differentiation.

The cascade of bone healing is
supparted by the stimulation of other
BMP's, TGF-B, and vascular growth
factors to support the bone
formation process. The signaled
bone-forming cells begin to organize.
New vascular ingrowth ceeurs.

Significant osteoblastic activity
is supported by vascular ingrowth.
Corollary ostecclasts begin
to appear.

ing early hematoma formation,
- is released by platelets and
inflammatory cells. TGF-,

motes blood vessel formation.

TGF-B, enhances periosteal cell
differentiation, chondrogenesis,
and osteogenesis.

TGF-B, promotes blood vessel
formation, stimulates proliferation
of osteoblasts and chondrocytes,
enhancas production of extracellular
matrix and regulates osteoclastic-
osteoblastic interaction.

Iring early bone repair, FGF-2
nereases cell migration and
angiogenssis.

FGF-2 is assoclated with an
increase in mesenchymal cells, and
the differentiation of these cells into

chondrocytes and osteoblasts,
FGF-2 promotes callus formation.

FGF-2 increases the volume and
bone mineral content of the callus,
enhances osteoblast proliferation,

osteoblast activity, and callus
deling and angit i

GF is found in large amounts
in fracture hematoma, and
promotes angiogenesis.

VEGF induces angiogenesis, regulates
vasculogenesis, and is important in the
conversion of soft to hard callus', VEGF

recruits and activates osteoclasts, and

stimulates osteoblast chemotaxis and
differentiation, as well as matrix
mingralization.

PGE; stimulates differentiation and
proliferation of osteoprogenitor
cells and increases callus size.

PGE; accelerates fracture remodeling by
increasing the number and activity of
osteoclasts, stimulating the proliferation
of osteoprogenitor cells, and recruiting
osteoblasts from their precursors.

Remodeling Into Mature Bone

Wolff's law takes effect.
Mew bone appropriately remodsls,
responding to biomechanical and
biological stimuli.




Supplied Buy Manuductue
NONUNION DIAGNIOSIS:

In a letter from the American Academy of Orthopedic Surgeons to
EBI’s Medical Director dated April 11, 1988, it was stated:

“A non-union is that state in the healing of a fracture where the
healing process has ceased; the fracture has failed to heal by osseous
union and if osseous union is needed, intervention is required..
Delayed union is that stage where a fracture has failed to unite with
bone in the usual time expected for a given fracture in a given bone, in
a given patient being treated by a given method. The classification of
the un-united fracture as a delayed union or nonunion is best made by
careful assessment of the relevant parameters by an experienced

physician.”
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Pulsating Electl*orﬁagnetic Field
Stimulates mRNA Expression of

M. Nagaiand M. Ota’

requests should be addressed

Bone Morphogenetic Protein-2 and -4

Department of Biochemistry, lwate Medical University School of Dentistry, Morioka, lwate 020, Japan: ‘to whom coarrespandence and reprins
L Ty, ¥ ¥ pa P p

Abstract. The elfccts of a pulsating electromagnetic field
on mRNA exprassion of bone morphageneric protein-2 and
-4 in chick embryonic calvaria were examined. From the
enset of embryogenesis (Day 0), chick embryos were
incubated in 2 continuously generated pulsating
electromagnetic field with 2 peak of 35 milli-Tesla (inean: 2
milli-Tesla) and vibration at 15 H= Control chicks were
incubated in a normal magnetic ficlg, Northern-blet
analysis showed that the mRNAs of bone merphogenetic
protcin-2 and -4 were expressed in (he calvaria.
Quantitative analysis of the mRNA expressions was done
by means of slot-blot hybridization, The magnetic field
enhanced the expressions of both mRNAs. The
enhancements were more pronounced in younger chick
embryos (Day 15 > Day 17), and no signilicant change was
observed in the 19-day-old em bryos. These results indicate
that esteo-inductive effects of the magnetic field were

medizted at least in part by bone morphogenetic protein-2

and -4,

Key words. Bone and Bones, Extracellular Matrix Proteins,
Bone Morphogenctic Protein, Electromagnetic Field.

Recrived Octaber 25,1993, Accepred July 21,1994

Introduction

Over the past two decades, pulsating cleciromagnetic field
(PEMF) has been used extensively (or treatment of non-
union fractures (Bassett et al, 1974ab; Connolly et al, 1977
Brighton ct al, 1981; Jingushi et al, 1990), 2nd its biological
effects an bone tissue have been invesripated. Those
investigztions have revealed that PEME stimulates'al!
2spects of baue lormation: (1) cell proliferation (Redan ef
Gi., 1978; Ashihara el al., 1979; Norton et al, 1979, 1980;
Brighton et al, 1984): (2) matrix {ormation (Brighton et al,
198%; Fitzsimmons et al. 1985); and (3) calcilication (Bassert
et al, 1979; Calacicco and Pilla, 1984: Norion and Roverti,
1988; Takano-Yamamoto et al, 1992), However, we do not
yet know what translates the clectrical stimulation into the
Initiatior signal (or bone healing. It is supposed that the
initiation signal has bone -inducing ability, because PEMF
not only stimulates ongoing bone formation but alse
initiates de nova bone [ormation in non-union [ractures,
Many factors are known to be involved in bone growth
and repair, such as [ibroblast growth factor (Jingushi et al.
1990), transforming growth factor (Joyce et al., 1990),
osteopontin (Ohea et al, 1991), osteocalcin (Ohta et al, 1921),
and insulin-like growth factor (Edwall et al, 1992).
However. none of them has been shown ro induce bone
{ormation by itself. Currently, bone morphogenctic protein
{BMPJ is the only protein family known to singly induce
ectopic bone formation (Wozney et al. 1988; Wang et al.,
1990; Ozkaynk et al, 1990). Accumulating in vitra evidence
indicates that BMP induces various phenotypic expressions
of bane cells (Vukicevic et al,, 1989, 1990- Kartagiri et al,
1990, Takuwa et al, 1991; Yamaguchi et al 1991: Hiraki ef
al, 1991, Chen et al, 1990 Thies et al, 1992; Sakano el al,
1993). In addition, Hulth ¢t al. reported that BMP may be
exuded [rom the broken ends of bones (Hulth et al., 1988;
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* Huleh, 1989). Those studies led us to the hypothesis that

PEMF-induced bouc lormaticn is initiated by BMp
cxpression. In the present study, we examined the effects of
PEMF on the expression of BMP «RNA in growing chick
cmbryonic calvaria. .

Materials and methods

Electromagnetic stimulator

PEMF was produced by means of a pulse generator and 10
em x 10 ¢ Helinholtz coils (Elcctmbiology, Fairfield, NJ).
The generator produced quasi-rectangular, symmetric AC
pulses. Each signal had a mcan peak amplitude of about 15
mV, aduration of 200 psec [or the main, and 24 psec [or the
opposite polarity. The burst duration for the pulse train was
5 msec, and the repetition rate was [5 Hz. The resulting
PEMF had a magnetic ficld of 35 mTesla ac peak power and
an electrical lield of 9 mV'/m (Goodman e al, 1988),

Stimulation of chick embryos with PEMF

Sertilined Wiice Leghomn cggs were purchased (rom Koiwai
Farm (Shizukuishi, lwzate, Japan). Control CLES were
incubated at 37.6°'C in a huniidilied incubator from the
onset of embryogenesis (Day 0} to Day 15,17, or 19, The
experimental eggs were placed vertically at the cenzer of the
pair of Helmholtz coils. 15 cin 3PaTt, setin 2z separate
incubator under the same cond:tions,

RNAisolation and analysis

Alter each incubation periac, calvaria were Cisseeted,
immediately frozen in liguid nitrogen, and stored at -80°C
until later isolation of RNA could be perlormed. Total RNA
was isolated (rom calvaria by the acid guanidine phenol
chlozolorm method (Chomezyrski and Sacchi, 1967). For
subsequent Northern hybridization, 20 1g of pooled total
RNA of 10 calvarial halves was resolved on a devaturing
agarose/lormaldehyde gel. The size-lracdonated RNA was
translerred onto 2 nylon mem brane (Zeta probe GT
membrane, BIO-RAD, Richmond. CA) with 50 mM of N2OH
used as 2 transler solvent. Alter transler, the membrane was
rinsed with 2X S5C and baked at 80C for 30 min. Then the-
racmbrane was pre-hybridized in a solution of 7% SD5.50%
formamide, 5X S5C. 50 mM sodium phosphate buffer, 2%
blocking reagen: (Bochringer Mannheim Biochemica,
Germany). 01% lauroylsarcosine, 2nd 50 pg/mL yeas: (otal
RNA at 42°C for 2 h, mRNAs of interest were located by
hybridization at 42°C [or 6 b wich digoxigenin(dig-11-UTP
(Bochringer Manheim Biochemica) labeled RNA probes
followed by immunological chemiluminescent detection.
The probes were labeled with dig-1-dUTP by use of a dig
RNA labeling kit (Bochriager Mannhcim Biochemica),
Bric{ly. co make the antisense prebe. human BMP-2 cDNA
(Wozney et al, 1988) was linearized with Hind 1il and

N

I et Res 7310y 1
trzns.:cnbcfl in vitrg b¥ T? RNA Polymerage with NT
labeling mixcuce containing 350 (M diS‘"‘UTP.GSG 1
TTP.and I mM each of ATP, CTp, and GTp. Sim“ln
human BMP-4 ¢DNA (Wozacy et al, 1988 ) was linearize
with EcoRl and transcribed by SP6 RiyA Pelymerase Mous
B-actin cDNA (Alonso ¢t al, 1989) linearized wigly Hind 1t
and human liver/bone/kidncy-type alkaline phosphatas
(ALPase) cDNA (\Weiss el o, 1986) lincarized wich Ecoh
were transcribed by T7 RNA polymerase in the presence o
dig-U-UTP. Chemilurninescent detection was performed i
the lollowing erder (1) detection of dig with anti-di;
antibody conjugated to ALPase; (2) catalyzing reaction o
Allase with chemilumineseent substrate: and (3
documentation of ALPasc-catalyzed luminescence 0a X-ray
film. .

Expression levels of the specilic mRNAs in the
individual chicks were quantitaied by means of slot-blo
hybridizatios, Sixteen-microgram total RNA [rom the
individual calvaria were dissolved in 200 L of 50 mhs
NaOH and blotted onto a (ilcer by use of a slot manifold
(Manifald 11 gobicon o Scnueil, Dassel, Germany).
Thea, hybridization and detection wers performed as aboye.
The signal incensities were determnined by densitometry.
Several expasures were made for the same blot to ensure
that band intensities were within an appropriate range for
densitometric analysis, Slot-blot signals of BMP-2 and -4
developed on x-ray [ilms were scanned with alaser
densitometer (Ultrosean Laser Densitometer model 2202,
LKB. Bromma, Sweden), and each peak area of the blot was
integrated by use of 2 cowmputer software program, NIH
image (Wayne Rasband, National Instituzes of Health). The
slot-blot analysis was carried out in triplicate, and the mean
values and standard deviations of the three resulis in each
group were computed. The statistical analysis was
perlormed by Student's ¢ test; values for control and PEME-
stimulazed ernbryos were compared (P < 0.05;“P< 0.01).

t‘l‘l

Results

At first, the expression of BMP-2 and -4 mRNA in chick
embryonic calvaria was examined by Northern-blot
analysis. 4 single transceipt of 3.3 kb (or BMP-2 and 22 kb
for BMP-4 was observed (Fig. 1), In the control embryos,
these expressions were stronger in the 19-day-old embryo
than in the 15-day-old em bryo. Interestingly, in the 15-day-
old embryo, the mRNA expressions of both BMP-2 and -4
appeared to be enhanced by PEMF, while p-actin and
ALPase mRNAs were expressed equally in all groups.
However, the increases were not very impressive. and the
analysis was performed on a pool of RNA from 5 embreyos
per group. Therefore. slot-blot analysis for BMP-2 and -4
was performed on the individual embryos in arder to make
a statistical evaluation (Fig. 2). As 2 result, BMP-2 inRNA
eXpression was significantly increased by PEMF: 2 2.7-fold

i
I
|




J Denat Res73C10) 1991
BMP-2 BMP4 ALPase
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Figure 1. Narthern-blat analysis of total RNA in chick embryonic
calvaria, Total RNA was extracted [rom ive embryos per group
and pooled. Control chick conbryos (CR) were incubaced in a
normal magnetic ficld, Experimental chick embryas (FX) were
incubated in the continuously generated PEMF. Twenty
micrograms of the pooled RNA was laid on each lane for Nocthern
blot. Blots were hybridized with probes for BMP-2 and -4, ALDase,
and -actin.

increase in Day 15 and 2 1.6-fold increase in Day 17.
Although the mRNA expression of BMP-2 increased with
the age of the embryao, there was no significant difference
between the control and the PEMF-stimulated calvaria in
the 19-day-old embryo. A similar increase in BMP-4 mRNA
expression was induced by PEMF; 1.6-Told and 1.5-[old
increases were observed in Days 15 and 17, respectively. Ad
Day 19, no significan: difference was abserved

Discussion

The PEMF tested in this study is considered.to exert the
aptimal ellect on osteogencsis (Bassett et al, 1077, 1931) and
is used lor ireatment of non-union fractures. PEMFs of
lower frequencics have been reported 1o exert embryotoxic
and teratogenic ellects on developing embryos (Zusman et
al, 1990). However, the PEMF we used did not induce any
abnormalities in the chick embryos; retarded growth or
development and significant changes in body weight or size
were not observed,

The present study showed that the sizes of BMP mRNAs
(BMP-2,33 kb; BMP-4, 2.2 kb) expressed in chick embryonic
calvaria were similar (o thase reported for other tissucs ar
cells: 35-kb BMP-2 mRNA in mouse embryos (Lyons et al.
1990) anc 2.2-kb BMP-4 mRNA in human osteosarcoma celi
lire U-2 OS (Ozkaynk et al, 1990). These indicate the
structural similarities of chick and mammalian BMP
mRNAs.

We observed that the mRNA expression of BMP-2 and of
-4 in the calvaria increased with the age of the chick
embryo. However, che studies on Xenopus embryos
(Nishimatsu et al , 1992) and mouse embryonic limbs
(Bassett ¢t al, 1979) showed these expressions to be more
proncunced in earlier developmental stages. This
discrepancy is probably due to the difference in animal
specics or 1n tissues. For example, there ic a difference in
cellular composition between calvaria and limb, because

Bane Marphagenctic Protcin mRNA Expression in Bane

BMP-2

. -
Day 19 [— j |
—_— _ e— | T SO

BMP-4

Day lSl_ . __|
eSS T S —
Day 19{_ T : I

Figure 2. Slot-blat analysis of tata! RNA in chick embryanic
calvaria. Total RNA was cxtracted from 15, 17-, and 19-day-old
embryos. Control chick embryos (CR) were incubated in 2 notmal
magaetic {ield. Experimental chick embryos (EX) were incubated
in continuously generated PEMF. Sixteen micrograms of total RNA
were bletted onto 2 aylon membrane and hybridized with probes
lor BMP-2 and -4. The slat-Llor analysis was carried out in
triphicate for cach group, and quantitation of the signal intcnsitics
on e2ch blot was pcrforrne‘é by use of a laser deusitometer
(Ultroscan Laser Densitometer model 2202, LKB, Bromna,
Sweden). Peak arca of each blot was integrated by use of a
camputer software prograin, NIH image (Wayne Rasband,
Natianal Institutes of Health). Mean values and standard
deviations of the three results in each group were computed znd
shown in the right bar graph The statistical analysis was
performed by Student’s 1 test; values [or control and PEME-
stimulated embryos were companed (P < 005, P < 0.01).

osteoblastic lineage cells mainly act in calvaria, while
chondrablastic lineage cells act first in the limbs.

Many reports have been published on the PEMF-induced
alteration of levels of proteins (Brighton et al. 1984: Norton
and Rovetti, 1988; Goodman and Henderson, 1988) and
cytokines (Cossarizza ¢l al, 1989, 1993), whereas litdle is
known concerning the elfects of PEMF on pene expression.
In the present study. a scimulatory effect of PEMF on the
gene expression of BMP-2 and -4 wag indicated. The effect
of PEMF was considered 1o be specilic for the BMPs—at least
AlPase mRNA expression, one of the ostecgenic
phenotypes, was not inflluenced by PEMF. This result is in
accord with the result of Mose and Martin (1993): ALPasc
level was not affected by PEMF in chick embryos.,

PEMF-mediated stimulation of expression of both BMP
mRNAs was observed in Day 11 and 15 embryos but not in
Day 19 embryos (Figs. 2 and 3). Compared with Day 19
embryos, Dzy 11 and 15 calvaria expressed low levels of the
BMP mRNA, but responded well 1o PEMF to increase the
levels of these mRIAs. This is probably caused by the
difference in the number of cells induced to express BMP
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mRNA expression by fEMF. i.c. the younger cembryonic
calvaria are tich in cells whose mRMA cxpressions of BMI's
arc inducible by PEMF, whereas the clder ones 21¢
predominant in the cells constitutively expressing BMI
mRNAs.

The cellular tazget of FEMT cannot b elucidated in this
study, because calvarial tissuc is composed of heteralogous
ccll populations. including osteogenic cells and
hematepoictic cells. However, since no reports ol BMF
mRHNA expression in hematopoictic cells have been
published ta date. the PEME-stimulated BMF mRNA
expressions most likely originate [rom osteogenic cells,
which are well-known producers ol the morphogens
(Wozney ¢t al-1988; Wang et al,1990; Ozkaynk ctal, 1990).

In surmmary, our present result demonstrates that PEMF
augments mRNA expression of BMP-2 and -4. Taking inta
account the [zct that BMP is involved in bone growth and
wpain (Wozncy, 1997 Rosen and Thics, 1992: Luyten ¢l al.
1692), we corclude that the bene-inductble cffect ol PEMF 15
mediated at least in part via stimulation of mRNA
expression of BMP-2 and 4. :

Acknowledgments

We are grateful to Dr. JM. Wozney for providing cDNAS of
human BMP-2 and -4. This work was supparted in part by 2
Grant-in-Aid for Encoutagement of Young Scientists [rom
the Miaistry of Education, Science and Culture of Japan. No.
03857246 (1o MM

A preliminary reparl was presented at the 71st General
Session and Exhibition of the Incernational Association {or
Dental Rescarch, Chicago, IL USA.

References

Alanso 5, Minty A, Boulet Y, Buckingham M (1989). Comparison of
three actin-coding sequences in the mouse, evolutionary
relationships between the actin genes of warm-blooded
vertebrates | Mol Eval 2311-22.

Ashihara T. Kapawa K, Kamachi M, lnouc S, QOhashi T, Takeoka O
1979}, 314-thymidine autoradiographic studies of the cell
proliferation and dillerentiation in the electrically stimulated
osteogenesis. bn: Electrical propertics of bone and cartilage.
Brighton CT. Black J. Pollack SR, editars, New York: Grune and
Strattan, pp. 401126, '

Bassett CAL, Pawluk R Pilla AA (19742). Augmentation of bone
repair by inductively-coupled clectramagaetic fields. Science
184:575-577.

Bassete CAL, Pawluk RL Pilla AA (1074b). Acceleration of bane
rcpaic by electramagnetic liclds (a surgically non-invasive

~ methed) Ann NY Acad Sri 23824 2-262.

Bassett CAL. Pilla AA, Pawluk R} (1977). A nan-operative salvage of
surgically-resisiant pscudarthroses and non-uaiens by
pulsing eleztromagnetic ficlds. A preliminary repore. Clin
Orihap 124:128-143.

JDentRes 73(10) 199+

Dasscte CAL, Chokshu HIR, l_i«mudc: E Pawluk R). Sccop M (1979),
The elfcct of pulsing electromagnetic ticlds on cellular
calcium and calcilication of nonunians. tn: Electrical
properties of banc and cantilage. Brighton CT, Black J, Pallack
SR, editars Mew York: Gruac and Stratien, pp. 427441

Bassctt CAL, Mitchell SN. Gasian SR U981) Treztment of unuaited

tibial diaphyscai fractures with pulsing clectromaganetic

liclds J Banc Joint Surg Am 6331 1-523. .

Brighton CT. Friedenberg Z6. Black J, Esterhai JL, Mitchell JE,
Mantique [ (I_931). Clectrically induccd osteogenesis:
relationship between charge, current density, and the amount
of bone [armed: introduction of 8 new cathoede concept. Clin
Orthop161122-132,

Brighton CT. Unger AS, Searmhough JI. (1984). tu vitre growth of
bovine aricular cartilage chondrocytes in various capacitively
coupled clectrical ficlds. J Qrthep Res 21522

Chen TL, Bates RL. Dudley A, {ammonds RG., Ameato P {1991)
Bone morphogenetic protein-28 stimulation of growth anc

. T

wwwgtilc phengtypos in war acteablast-like cells comparisor
with TGF-1.] Bune Mineral Res 6:1387-1323

Chomezynski P, Sacchi N (1987). Single-siep method afl RHA
isolation by acid guanidinium thiocyanate-phenal
chloro! orm excaction, Anal Bincheni 162156-159.

Colacicen G, Pitla AA (19541} Elcctremagnetic modulation o
biological processes inlluence of culture media and
signilicance of methodology it the Ca-uptake by embryanz
chick tibia in vitre, Caicif Tissuc inf 36367 -174.

Connally JF. llzghn H. Jardon OM (1577) The electrica
enhancement of periasteal profiferazion in normal an
delayed (racture healing. Clin Orthop 12497-105.

Cossarizzz A, Monti D, Dersani F, Pagancili B, HMontagnani €
Cadassi R, el al. (1589} Extremely low frequency pulse
clectromagnctic ficlds ingrease interleukin-201L-2) utilizatic
and 1L-2 receptor expression in mitogen-stimulated hums
lymphocytes (1o oid subjects FEBS Let 248141-144,

Cossarizza A, Angioni S, Petraglia F, Genazza nt AR, Moudi D.Cag
M. et al. (1993), Exposure to low [requency pulse
clectromagnetic liclds increases interleukin-1and interleuki
6 production by human peripheral bleod monoaucleas cel
ExpCellRes 204385387

£dwall D, Prisell PT, Levinoviz A, Jennische E. Norstedt G %
Expression of insulin-like growth facter 1 messeng
ribonueleic acid in regenerating bone afier [racture: influer
of indomethacin ] Bane Miner Res 7207213

Fitzsimmens R, Farley J. Adey WR, Baylink O] (1986}, Embryo
bone matrix [ormation is increased alier exposure o3 1o
amplitude capacitively coupled dlectric [ield, in vitro. Rioch
Biophys Acta B8251-56.

Goodman R, Henderson AS (1988). Exposure of salivary gland &
10 low-{requency clectromagnetic {ields alzers polypept
synthesis. Proc Nat 1 Acad Sci USAB53928-3932. -

Hiraki ¥, Inoue H, Shigeno C, Sanma Y, Bentz H, Roscn DM, ¢
(1991). Bone morphogenelic proteias (B14p-2 and UME
promote growth and expression of the di[[crf_nlii‘
phenatype of rabbit chondrocytes and ostcoblastic MC3T:




JPentRes7310) 1994

<clls in vitro J Bone Miact Rev61373-185

Hulth A (1989). Basle schence and pathology: current concepis of
(racture healing Clin Orthap 249<Scct 1111265-284.

Hulth A, Johinell O, Henvicson A (1933), The implantation of
demineralized (racture matrix yiclds mare new bonae
armation than docs intace maznx, Clin Orthap 334235.234,

Jiagushi S, Heydemann A, Kana S, Macey LR, Bolander ME (1960)
Acidic (ibroblast growth [actor injection stimelates cartilage
enlargement and inhibits cartilage pene expression in rat
(racture healing. J Orthop Res 8:364-371.

Jeyce ME, fingushi S, Bolander ME (1999). Translorming growch
factor 8 in the regulation of bone repair, Qrikop Clin North Am
21:192-209. o

Katagiei T, Yamaguchi A, lkeda T, Yoshilki §, Wozrney IM, Rosen V,
et ul. (1990). The non-osteagenic mouse pluripotent cell line,
CIULOTY/2, is induced 1o differentiate into osteoblastic cells
by recombinant bone morphogenctic protein-2, Biochem
Biaphys Res Comnuun 172.295-299,

Luyten FP, Cunningham NS, Vukicevic S, Paralkar V', Ripaunenti U,
Reddi AM (1992). Advarnces in osteogenin and related bone
maorphogenetic prateins in bonc induction an2 repeir, Acta
Orthop Belg 59/Suppl 1)263-267.

Lyons KM, Pelton RW, Hogan BLM (1990} Orgzzogenesis and

patzern formation in the mouse: RNA dis:ribution patterng

suggast 2 role for bane merphageneic prote:n-24 (BAP-24)
Develapment 109:833-844

Mishimatsu 5, Suzule A, Shoda A, Murakami K, Ueno N {1992),
Genes lor bone morphogenctic proteins are d:llerenzially
transcribed in early amphibian embeyos Diochen: Biophys Res
Commun 186:1487-1405.

Raren LA, Rovewi LA (1988). Calcium incorporstion in eultured
chondroblasts perturbed by an electromagnetic (ield. ) Orthop
Res6.559-566,

Norion LA, Bourrec LA, Majeska 1), Rodan GA (1972), Adherence
and DNA synthesis changes in hard tissue coll celeure
produced by electric perturbation. In. Blectrical propertics of
bone 2nd cartilage. Brighton CT, Black ], Pollack SR, cditors
New York: Grunc and Stratton, PP 443-454,

Nerton LA, Shieyer A, Rodan GA (1980). Clectramagnetic Cield
effecis on DNA synthesis in bone cells. | Electrechem Soc
127129C,

Ohta 5, Yamamuro T. Lee K. Okuma 11, Kasai R, Hiraki ¥, et al
(1991). Fracture healing induces expression cf the proto-
ongogenc ¢-fos in viva, possible involvement of the Fos protein
in osteoblastic differentiation. FEES Leic 284:4.2-45,

Ozkaynk E, Rueger DC, Drier EA, Corbett C.Ridge R). Sampath TK,
etal. (1990). OP-1 cONA encodes an ostengenic pratein in the
TCF-8 family. ENBOJ92085-2003

Banc Morphogenetic Protein mRNA Expression in Bone 1605

Redan GA, Bourret LA, Horton LA (1978 DA sr(“hg.s“ in
cactilage cells is stimulaced by oscillating clectric Cialds,
Science 199500-692.

Rosea V, Thies RS (1992) The BMP proterns in bone [ormaion and
repair. Treads Genet 53)97-102,

Sakano S Murata Y, Miura T, lwata 1, Sano K, Matsui M, et al. (13,

: Collagen and alkaline phosphatase gene expression during
" bone morphogenctic protein (BMP)-induced cartilage and
bene differentiation. Clin Orthop 202:337-344,

Takano-Yamamoto T, Kawakami M, Sakuda M (1992), Effl¢ct of 2
pulsing electromagnetic ficld on demineralized hone-matrix-
induced hone (armacion in 2 bony delcet in the premaxitla of
rats. ] Dent Res71:1920-1925.

Takuwa Y, 0Ohse C, Wang EA, Wozney JM, Yamashita K (1991). Bone
morphogenetic protein-2 stimulates alkaline phosphatase
activity and collagen synthesis in culrured osteoblastic cells,
MC3T3-EL Biachem Biophys Res Camntun 174.85-101,

Thies RS, Bauduy M, Ashton BA, Kurtzberg 1, Wozney JM, Rosen V
(1992} Recombinant human bone morphogenetic protein-2
induces osteoblastic diflerentiation in \W-20-17 stromal cells
Endocrinel 130.)318-1324,

Vukicevic S, Luyten FP, Reddi Al (1989). Stimulation of the
expression of osteogenic and chondrogenic phenotypes in
vit1o by osteogenin. Proc Natl Acad Sci USA 868703-6747,

Vulicevie §, Luyten FP, Reddi AN (1290), Osteogenin inhibits
preliferation and scrmulates differentiation in mouse
osteoblast-like cells (MCIT3-E1). Biocken Biophys Res
Comman 165750-756,

Wang EA, Rosen V, DPAlessandio JS, ta uduy M, Cordes P, Harada T,
¢l el (1990). Recombinant human bone morphogeneiic protein
induces bone lormation, Proc Natl Acad Sci US4 87:2220-2224,

Weiss M], Henthorn I'5, LafTerty MA, Slaughter C, Raducha M,
Harris K (1986). Isol=tion and characterization of a cONA
cacading a human liver/bone/kidney-type 2lkaline
phosphatase Proc Nat! Acad Sci USA B37182-7186, )

Wozney JM (1992). The bone morphogenetic pratein family and
osteogenesis Molec Reprod Dev 22:160-167.

Vozney M, Rosen V, Celeste A), Mitsock CLM, Whitters MJ, Kriz
RW, et al (1988). Novel regulatars of bone [ormation:
molecular clones and activities. Science 242:1528-1534.

Yamagochs &, Katgini T, tkeda T, Waozney JM, Rozen V, Wang EA,
ctal. (1991). Recombinant human lbone morphogenctic
protein-2 stimulates ostecblastic maturation and nhibits
myogenic dillerentiation in vitrw, | Cell Biol 113681-687,

Zusman 1, Yalle P, Pinus H, Ornoy A (1990), Elfccts of pulsing
electramagnetic fields on the prenatal and postnatal
development in mice and rats: in vive and in vitro studies.
Terurnl 42:157-170.




PULSED ELECTROMAGHETIC FIELDS INDUCE OSTEOGENESIS AND UPREGULATE BOKE
MORPHOGEHETIC PROTEIN-2 AND & mRNA IN RAT OSTEOBLASTS IN VITRO.

SAHINOGLU T, BHATT B, GULLETT [, HUGHES £J, *SIMON B, *ABBOTT J, )
. BLAKE DR, STEVENS CR. The Bone & Joiat Research Uait, The Loadon
Hospital Medical College, London E1 2AD, UK

Introduction
Pulsed electromagnetic fields (PEMF) have beea
shown 1o be clinically beneficial in orthopaedic
surgery when used to treat non-union and
pscudoarthrosis  afier bone fracture. The
ostwgcm'c potential of rat calvarial osteoblasts
is enhanced by bone morphogcncuc protein-2
and 4 (BMP-2 and -4)'. To investigate the
clinical implications of this with respect to
PEMF treatmeny, a model system was designed
to examine PEMF effect on 1) mRNA
cxpression of BMP-2 and -4, and 2) formation
of mineralised bone-like nodules by neonatal rat
calvarial osteoblasts,
Matemls and methods

PEMF were produced by a helmholtz coil
pair and waveform generator designed to mimic
the ficld used by Electro Biology Incorporated
in their Bone Healing System which utilises a
sawtooth waveform consisting of 4.5ms bursts
of pulses repeating at 15 Hz, with the magnetic
field rising to [8 gauss in 200pus during each
pulse. Rat calvarial osteoblast cultures were
exposed for 15, 30 and 60 minutes and RNA
extracted immediately afier treatment, and in
one case |5 minutes afier 2 |5 minute exposure.
Levels of mRNA in control and exposed cells
were assayed by Morthem blotting and semi-
quantitative reverse transcriptase/polytnerase
chain reaction (RT-PCR™). Northern blots were
biybridised with biotin-labelled probes. PCR
were performed on oligo-dT primed c¢DNAs
using rat BMP-2 and BMP-4 specific primers,
Glyceraldehyde-3-phosphate dehydrogenase
was used as an internal standard. Bone nodule
formation in long-term culture was assessed by
image analysis of osteoblast monolayers stained
with Alizarin red afier PEMF exposure.
Resuits

Results of duplicate experiments showed
that PEMF exposure dramatically increased both
BMP 2 and 4 mRNA (given as % GAPDH
mRNA) with as litlle as 15 minutes PEMF
exposure as follows:

204 - 34

15 [15min| 30 60
Control} min | +15 | min | min
BMP4| 32 |56 154] 210 195
BMP-2 | 17.9 [34.9{ 384 | 499 | 7.1

One 24 hour exposure of PEMF to eultures of
rat calvarial osteoblasts resulted in a twofold
increase in the area of nodules, formed (% of
total culture area) over subsequent 3 week
incubation (control mean 9.67 +/- 1.53%;
exposed mean 23.00 +/- 1.73%, n=5, p < 0.001
by analysis of variance). Longer exposures of
PEMF un tn'& dave mava gimiios oo oo r
nodule formation but were not significantly
different form the increase achieved by 24 hours
exposure.
Discussion

"We have established a reproducible
osteogenic effect of PEMF in our in vitro model
system. We belicve that this effect may be, at
least in part, due to the transcriptional
upregulation of BMPs in osteoblasts by PEMF
and speculate that this may contribute to the
mechanism of action of clinically applied PEMF.

1. ‘Hughes FJ. Collyer J, Stanfield M, Goodman
SA. The effects of bone morphogenetic protein-2,
protein-4, and prolcin-6 on differentiation of rat
osteoblast cells i witro. Lndocrinology 1995, 136:
2671-2677 '
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JTATIVE EARLY EFFECTS OF PULSING ELECTROMAGNETIC®
| OSTEOBLASTS FIELDS ON GENE EXPRESSION OF BONE
E Hefleran MORPHOGENETIC PROTEINS IN HUMAN
PR &
" and Molecular End B Ek . Health Sciences Univ- o

Hokkaido, Sch. of Dent. Hokkaido, Japan,
We have previously demonstrate that pulsing
electromagnetic fields (PEMFs) has osteogenic
action in vitro and in vivo. it has also been shown
that PEMFs stimulated mRNA exgression of bone
morphogenetic protein (BMP) -2 and -4 in chick
embryonic calvaria. However, the effects of PEMFs
on of other BMPs are still unclear.
The current study was undertaken to examine the
effects of PEMFs on the gene expression of BMPs
(BMP-1 to-7) in SV-40 large T antigen-immortalized
human osteoblastic cells (5V-HFO cells) by reverse
lranscription-polymerase chain reaction (RT-PCR) .,
When the cells were 75 94 confiuent, the cells were
continuously exposed by the osteogenic PEMFs
pntensity; -3 mTesla, pulse width; 25 u see,
requency ; 100 Hz) for 12, 24 and 48 hrs,
respectively. We found that while SV-HFO cells|
undet basal condition, expressed sigin:ﬁcant amounts
of mRNA for BMP-1 -2,-4,-5 and -7, these cells did
not express detectable amounts of MRNA for BMP-3
and -6. Quantitative analysis of PCR products using
a laser densitometer demonstrated that PEMFs
reproducibly and markedly increased the MRNA for
BMP-4 -5 and -7 but not that for other BMPs in SV-
HFO cells. The stimulation was time-dependent with
maximal increase seen after 24-hr treatment. These
results indicate that the osteo-inductive effects of
Fs may be, in part, mediated by bone
morphogenetic protein-4,-5 and .7 in human
osteoblastic cells i vitro.

1328

TRANSCRIPTIONAL REGULATION OF A BMP  4-
LUCIFERASE GENE IN TRANSGENIC MICE DURING
DEVELOPMENT. J.Q. Feng, M. Feng, M.S. Castano* G.R,
Mundy, $.E. Harmis, Univ TX Hlth Sai Ctr, San Antonio, TX
78284-7877.

Bone morphogenstic protein 4 (BMP 4) is medialor of
inductive tissug interactions required for the establishment of
a variety of organ systems, such as bone, skin and teeth ate,
BMP 4 gens requlation is complex. Two transeripts (A and B}
and two promoters were found in felal rat calvarial and deer
antler tissue. Quantitative RT-PCR indicates that the A
transeript is 10 times more abundant than the B transcript in
felal rat calvarial (FRC) caells in vitro. By an in vitro promater
study, wa have shown thot tha 7279 th 1960 —n —te— —rar o,
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James Bechtold, Senior Vice President
Biomet® Osteobiologics
100 Interpace Parkway

"Parsippany, NJ 07054

Re:  Analysis of Reuse of Biomet® Nonivasive Bone Growth Stimulators

Dear Mr. Bechtold;

You have requested that we provide our opinion on the Food and Drug Administration (“FDA™
or “the agency”) regulatory implications of the reuse of Biomet® Osteobiologics’ (“Biomet” or
“the company™) noninvasive bone growth stimulators (“noninvasive bone prowth stimulators” or
“the device™), as is implicit in the occasional inquiries of third party payers as to why the device
is not available on a rental basis. We have provided this regulatory analysis in this letter.

L Overview

Noninvasive bone growth stimulators are considered class 111 medical devices by FDA. Such
devices are subject to a premarket approval (“PMA”™) process under which a sponsor must
provide valid clinical data establishing the device’s reasonable safety and effectiveness.
Importantly, the labeling of a PMA-approved device is carefully reviewed and approved by
FDA, ensuring that this labeling accurately reflects the clinical data which supports its summary
of safety and effectiveness and is the basis for approval.

The clinical studies supporting the approval of the company’s noninvasive bone growth
stimulators utilized 2 new device on each patient. Reflecting these clinical studies, the FDA-
approved labeling does not describe the use of the devices on multiple patients, nor does it
include specific instructions with regard to disinfection and device life that are required for
products used on multiple patients. In order for Biomet to legally market any of its noninvasive
bone growth stimulators for use on multiple patients, the company would have to submit a PMA
Supplement. This PMA Supplement would require data demonstrating that the safety and
effectiveness of the devices are maintained despite the change in the devices themselves orip
their labeling to allow reuse. Should a third party wish to reprocess 2 used Biomet noninvasive
bone growth stimulator for reuse, that reprocessor also would be subject to the premarket

WA = 06§ 91/000006 - 2432623 vi

1



- H 2
a3 Eg:‘&B‘__EILSEM ;.:l-)-g-u e

Fax from @ 9325324273 L Mg s e o
1

PO v LA | )

February 16, 2007
Page 2

requirements of the Federal Food, Drug, and Cosmetic Act (“"FDCA”). These provisions require
that a third party gain PMA approval in order to legally market a reprocessed single-use, class I]]
device such as the Biomet noninvasive bone growth stimulators. _

1L Regulatory Status of Neninvasive Boge Growth Stimulaters and Implications for
Reuse :

A. Bone Growth Stimulators as Class Il Devices

Noninvasive bone growth stimulators are medical devices that use electromagnetic fields to
stimulate bone growth, Currently, these products are FDA-approved for a variety of intended
uses, including treatment of traumatic nonunion and congenital pseudoarthrosis, and as an
adjunct to lumbar spinal fusion. Such devices are currently classified as class IIl devices in
accordance with Section 513(f) of the FDCA.

FDA regulation of medical devices is based on a tiered, risk-based classification system that

includes classes [, [T, and 11, Class Y represents the highest level of such regulation. Under

Seetinn S12(=M 10N oo TDTA, ciass 117 is reserved for products that;
(IXI) cannot be classified as a class I device because insufficient informarion exists to
determine that the application of genera) controls are sufficient to provide reasonable
assurance of the safety and effectiveness of the device, and (1) cannot be classified as a
class II device becanse insufficient information exists to determine that the special
controls [for class II devices] would provide reasonable assurance of jts safety and
effectiveness, and

(ii)(I) is purported or represented to be for a use in supporting or sustaining human life or
for a use which is of substantial importance in preventing impairment of human health, or
(II) presents a potential unreasonable risk of illness or injury,

The classification of a medical device is made by FDA, often with the advice of an expert
Advisory Panel. While there are provisions to downclassify or otherwise alter the class of a
legally marketed product under Sections 513(e) and 5 13(f) of the FDCA, downclassification is a
complicated process that is infrequently used. ’

Class 111 devices such as noninvasive bone growth stimulators are typically subject to premarket
approval as outlined under Section 515(d) of the FDCA. Under these provisions, such devices
may only be approved for market upon a demonstration of reasonable safety and effectiveness.
In practice, FDA requires valid scientific evidence, including clinical data, to establish

labeling for PMA-pathway devices is thus specifically approved by the agency as part of the
product’s overall marketing approval and reflects the valid scientific data on which that approval
was based. As outlined below, the agency considers use of a device in 2 manner inconsistent
with this labeling as constituting “off-label” use for which the safety and effectiveness of the
product has not been established. A manufacturer cannot legally market a class [1] device for an
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B. General Labeling Considerations for Reusable Medical Devices

In order for a medical device to be safely and effectively used on multiple patients, that product
must contain labeling that supports reuse. Such Teuse, at a minimum, requires that the labeling
address minimizing the transmission of infectious disease between patients and a product’s
durability, specifically the amount of use that the device can tolerate without degtadation of its
therapeutic effect or diagnostic ability. For body-worn devices such as noninvasive bone growth
stimulators, there is the possibility that the devices may easily come into contact with a patient’s

potentially infected secretions and/or bodily fluids. To minimize the possibility of the

chemical process whereby recognized pathogenic microorganisms are inactivated and/or
physically removed from the device’s surface, between users, 1/ In the case of a device that
contacts intact patient skin, at least low-level disinfection is typically required by FDA to support
the use of the product on multiple patients. However, noninvasive bone growth stimulators are
often used in post-operative patients in the vicinity of damaged skin, Where a medical device
could contact damaged skin, the agency typically requires that the product undergo a higher level
of disinfection between patients. In either instance, disinfection would require cleaning of the
device and/or the use of chemical germicidal agents to achieve the requisite level of disinfection,

FDA expects that any disinfection techniques described in a device’s fabeling be validated for
use with that product. There are two components 1o this validation. Initially, the technigue must

Product durability is also a key consideration in medica) devices that are labeled for reuse. Many
products, both diagnostic and therapeutic, have a defined usefui life, after which performance
degrades. Accordingly, devices that are intended to be reused ofien specify how the product
should be evaluated after disinfection but prior to reuse so as to determine that performance
remains acceptable. Explicit limits as to how long a device may be used, in terms of length of
treatment or treatment cycles, may also be provided. Any such instructions must take into
account the effects of disinfection, which typically result in cumulative device damage,

For any reusable medical device, FDA typically assesses the adequacy of the disinfection process
described in the product’s labeling and the ability of the product to perform as intended
following that process. In the case of class 11l medical devices subject to the PMA Process,
labeling, which describes cleaning, disinfection, and/or reuse, must be specifically approved by
FDA.

§Y Sterilization or Disinfection of Medical Devices. Centers for Disease Control and

Prevention. Availabie online at
httg://\vw‘u.cdc.govfncidon:lfdhgp_xbg sterilization medDevices html (accessed December 7,
2006).
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C. Present Labeling of Biomet Noninvasive Boune Growth Stimulators and Reuse

Biomet’s noninvasive bone growth stimulators are class YI devices that have been approved via
the PMA process in applications supported by clinical data. As part of this approval process, the
devices’ labeling has been reviewed and approved by the agency. Accordingly, this labeling
represents the conditions and circumstances under which FDA believes that the product is
reasonably safe and effective. As described below, this labeling does not support the reuse of the
Biomet noninvasive bone growth stimulators. Thus, Biomet cannot legally market or promote
these devices for such reuse.

The approved labeling of the Biomet noninvasive bone growth stimulators does not explicitly
describe reprocessing or reuse of these devices. In addition, this labeling lacks any information
on product disinfection that is ordinarily required in instances where an externally worn medical
device is used by more than one person. In fact, the labeling specifically instructs users to use
only water and mild soap for device cleaning, and cautions against the use of solvents or other
cleaning agents. This effectively prevents any use of germicidal disinfection agents that are
medically necessary for use of the devices on multiple patients.

HOX.  FDA-Approved Reuse of Biomet Noninvasive Bone Growth Stimulators

Biomet’s noninvasive bone growth stimulators are approved, class I1I devices that cannot be
legally marketed for reuse under their current labeling. As with any medical device, the labeling
of noninvasive bone growth stimulators and the devices themselves could be modified, in this
case to allow their FDA-approved teuse in multiple patients. Although the regulatory
mechanism for expanding the use of these devices differs depending on whether that expanded
use is being sought by Biomet or a third party, the regulatory standard for FDA’s approval of that
expanded use is the same, namely whether there is reasonable assurance that the reusable device
is safe and effective, The regulatory mechanisms for obtaining FDA approval for reuse are
described below,

A, Maodification for Reuse of the Device by Biomet

The modification of any approved, class Il product such as the Biomet noninvasive bone growth
stimulators, is tightly controlled by FDA. Under2! C.FR.§ 14.39, any change 1o an approved
medical device that affeets the product’s safety or effectiveness must be reviewed and approved
by the agency under a PMA Supplement, unless FDA has advised & sponsor that an alternative
submission is permitted, Current agency policy, as fully described in FDA's guidance document,
When PMA4 Supplements gre Required (4P90-]), holds that changes 1o a product’s indications for
use, labeling, and/or changes in device des gn all typically require a PMA Supplement.
Moreover, any significant changes that affect the safety or effectiveness of a device require the
highest level of PMA Supplement submission, the 180 Day Supplement, under 21 C.F.R.
814.39(a),

Biomet’s modification of its noninvasive bone growth stimulators to explicitly incorporate
device reuse would almost certainly be seen by FDA as affecting the device’s safety or
effectiveness, and thus require a PMA Supplement. Sucha change may be seen by the agency as
modifying the devices” indications for use. Explicitly incotporating reuse would involve
labeling changes, and could involve physical alterations to the product that necessitate a change
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in design or materials.” To support the reasonable safety and effectiveness of these changes, the
agency would almost certainly require performance data to: (1) validate the disinfection method
used between patients; and (2) demonstrate that the devices® effectiveness and safety are
maintained when used for prolonged periods on multiple patients.

Validation of product disinfection so as to achieve the desired reduction in pathogenic
microorganisms is subject to established testing methods that are typically accomplished with
bench testing. A more difficult issue is ensuring that device performance in terms of safety and
effectiveness remains stable after disinfection between users and for extended periods of time.
As previously noted, the clinical data on which the approvals of Biomet nohinvasive bone
growth stimulators were based utilized new devices that weee used on only a single patient for
relatively limited periods of time. Thus, FDA approval of the reuse of these devices would
require either so-called “bridging” data that relates the original, single-usc data to the reysable
product, or a completely new clinieal study using reusable devices. Notably, FDA could easily
Tequire a clinical study even for bridging data, and would certainly require substantial clinical
data if bridging data were insufficient to establish reasonable safety and effectiveness.

Apart from FDA's regulatory requircments, a number of important considerations underlie any
decision to seek a PMA Supplement for a reusable bone growth stimulator. Initially, the
curtently approved devices are safe and effective in promoting bone growth for their respective
indications, The modifications to the devices and the labeling necessary to achieve adequate
disinfection may significantly alter the products to the point where a major redesign is necessary
1o maintain performance. There is also the possibility that the materials necessary to fabricate
the devices, as well as the finished products themselves, will not tolerate repeated reuse. This is
the case with many reysable products, which ofien have a finite number of uses. Given these
uncertainties, it is unreasonable to expect Biomet to pursue approval of a reusable device,
particularly given the proven clinical performance of the existing single-use product.

B. Modification for Reuse of a Biomet Device by a Third Party

Reprocessing and reuse of single-use medical devices is a common practice in the US. It is so
common that an entire industry has developed to take used, single-use products and reprocess
them into devices that may be reused. As this practice has grown, so has FDA’s concern that this
reprocessing and reuse may impact the device’s safety and effectiveness. The agency's response
has been 1o institute a clear policy on the reprocessing and reuse of medical devices, a policy
which is articulated in FDA’s guidance document, Enforcement Priorities for Single-Use
Devices Reprocessed by Third Parties and Hospitals (August 14, 2000).

A key feature of FDA's policy on the reprocessing and reuse of single-use devices is that
reprocessors are held to a number of regulatory requirements that also govern the original
manufacturers of medical devices. These include the premarket requirements found at Sections
313 and 515 of the FDCA, as well as their implementing regulation at 21 C.F.R. Parts 807 and
814, Which specific provisions of the premarket requirements apply to a particular reprocessed
device depends on the original classification of the single-use product before it was reprocessed.
Thus, if a third party reprocesses a PMA-approved single-use, class I device for use in another
patient, that reprocessed device is considered a class IT device and is subject 1o the PMA process
under Section 315 of the FDCA. As such, that third party is required to provide valid scientific
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