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FIELD OF THE INVENTION

[0002] The present invention is directed to a method of up-regulating transforming
fibroblastic growth factor-2 (FGF-2) gene expression in living cells via the application of electric
and electromagnetic fields generated by the application of specific and selective electric and
electromagnetic signals to coils, electrodes, or other field generating devices for the treatment of

injurcd or discased tissucs and bonces, as well as devices for generating such signals.

~—— BACKGROUND OF THE INVENTION

{0003] The bioelectrical interactions and activity believed to be present in a variety of
biological tissues and cells are one of the least understood of the physiological processes.
However, there has recently been much research into these interactions and activity regarding the
growth and repair of certain tissues and cells. In particular, there has been much research into
stimulation by electric and electromagnetic fields and its effect on the growth and repair of bone,
cartilage, and various growth factors. Researchers believe that such research may be useful in the
development of new treatments for a variety of medical problems.

[0004] Fibroblastic growth factor-2 (FGF-2) is one of the growth factors that is
important in promotion of bone formation and maintenance, from proliferation of pre-
osteoblasts, to differentiation of pre-osteoblasts to mature osteoblasts, and to maintenance of the
osteoblast throughout its life span. FGF-2 has been shown to have a positive anabolic effect on
bone formation in intact animals and to reduce bone loss in experimental models of osteoporosis
(Fromigue, O., Modrowski, D., and Marie, P.J: Curr. Pharmaceut. Design, 10: 2593-2603,
2004.). FGF-2 (also termed basic fibroblastic growth or bFGF) stimulates bone formation,
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a capaciatijiuuetliy spoalghech.el ectric field with an anplitude of 20-40

nv/cm a duration of 24 hours, a frequency of 60 kHz, and a duty

cycle o % the present invention relates to
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t he net hodol ogy for determning t "specific and sel ective"” signa
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constant. This process.is repeated unt| e optimal .signal

det er mi ﬁ@lﬁe‘terﬁagwﬁ? Biplpeical Ph@e@p@éwe@wom#c@@lagéﬂ% ?h%én\éeilﬁ%ggﬁ)&hff‘é&ftes to
FGF- 2' ICGS[%%% %— ke SReRBE d@saﬁfed%%?¥03%dtera?&?pe@i’f‘%saﬁﬂtsel'e&%rﬁgxﬁﬁ that

will u0| n the tollow ng detall description of th
[ nvent [ @nadteBRIcE[-‘c @E@Cﬂeﬁﬁcbmgneﬁc el ORAVESIGS: the expression of the FGF-2 gene.

[0014] In related aspects, the invention relates to methods and devices for the trcatment
of osteoporosis, ostcopenia, osteonecrosis, fresh fractures, fractures at risk, delayed unions,

nonunion fractures, bone defects, as an adjunct in spinal fusion and other therapies treating one
-5.



[0016] Figure 1 is a graphic representation of the nRNA expression of
FGF- 2 when bone cells are exposed to various capacitively coupled

el ectric fywghehoagmls t udes. As indicated, the maxi num exgpassh@mziet
FG--2 nRNA occurred with a sigpal of 20 m/cm.to 40.nv/.cm

[0017] ¥ GFeoshe gg%egcpa?m%& Ew@ﬂl@ﬂpgfhedﬂf'e&fw e WEVNAG%%P&%S“BW%@Y
FG-- 2 whgRrhpng #Rl tspedfi€ afX ROISEH e sSARP Gt FURLY e WRpRYsiB 85t tkBodically
field wth an a:gll I tude of 20 mv/cm for various %I me durations. As

i ndi cat edryinghthe raxativnrafex Prdiassgmal spovwnGo MCRRRIACH swiEdied] tanincrpage, cellular

duratio EOUr, ' ' . . -
Fepr esortuith JRHGERs. A rd s o dirafoh Sy PaBbARI B the signal i varid for
exposed thooptandl clusatioapd dintd asedoyerongd| ledthelgent expreshioelodd HGRgUuBCciwy cycle,
with a field anpl 'tudef of 20 n\//cmﬁn?. allsi@%H%I duréltion of 24 hoursh.l
As i ndi dEARGCYy Al WRYSTRN AL pAds S ROFiSHIEEEIS SHRRAISE SEIIPRE TRpiTTavhile
f r equencgyepmifig HO okide signal charh&61Siks Eor@tahe Thisi piodsik adPahted LALINRS Sftindd] isiphal
of the nRNA expression of FG-2 when bone cells are exposed to

vari ous lﬁ;%fge}qud\}@tyr@@e@tgﬁgrgﬁtgﬁtn}qr%%}neth%{emﬁﬁloeyélﬁ @E‘Qwi th a

f requency Of[O(ﬁgﬁ]kﬁ'ﬁeseandi §ihe: abRList S eheOpredt MW &ibn aRH. Be Shi@difiled in the
duration of 24 hours. As indicated, the maxi num expression for FG--2

MRNA ocdoliavang déteitedadcsaigion of hodavegutign. cycl e with a sine wave
configuration. [0020] Figure 5 is a graphic representation of

FG-- 2 pr];ﬁ};m P ' Ebﬁﬁﬁ are exposed 24 hours to a
capacitively co%% ed %@ggﬁ??g fie yg{ég 50% duty cycle with a field
anplitude o t d'ighdrenlViscargraphicrrepragentjion axpesion) ewhen
i tude of(0MIB]t di nivi hic ionfof @i kRNA axpiessioni ofeFGlrdevh
configuratio at ed t FCE-2.~p60t e gase

R e P I A

di agr amndxihih egpressghnefotBUF-CeanRNA deberrdd veidtt aiptial of 20sVéan e 4bmY/ah.

the knee, 1 ofaGEoie: 2 ESaHI3008 MLED, 3PS SHRA YRR S350 Hen
bone cells are exposed a capacitively coupled electric field with an amplitude of 20 mV/cm for
various time durations. As indicated, the maximum expression for FGF-2 mRNA occurred with a
duration of 24 hours.

[0018] Figure 3 is a graphic representation of the mRNA expression of FGI-2 when

"7 bone cells arec exposed to various capacitively coupled electric field frequencies with a field
amplitude of 20 mV/cm and a signal duration of 24 hours. As indicated, the maximum
expression for FGF-2 mRNA occurred with a frequency of 60 kHz.

[0019] Figure 4 is a graphic representation of the mRNA expression of FGF-2 when
bone cells are exposed to various capacitively coupled electric field duty cycles with a frequency
of 60 kHz, a field amplitude of 20 mV/cm, and a signal duration of 24 hours. As indicated, the
maximum expression for FGF-2 mRNA occurred with a 50% to 100% duty cycle with a sine
wave configuration.

{0020] Figure 5 is a graphic representation of FGF-2 protein production when bone cells
are exposed 24 hours to a capacitively coupled electric field of a 50% duty cycle with a field
amplitude of 10 to 40 mV/cm, a frequency of 60 kHz, and a sine wave configuration. As
indicated, the amount of FGF-2 protein increase was greatest with 20 mV/em to 40 mV/em
ficlds.

[0021] Figure 6 is a diagram illustrating a device for the treatment of osteoporosis of the

knee, for example, in accordance with an exemplary application of the present invention.
-6-



WO 2009/ 100048PCT/ US2009/ 032925 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENTS [0022] The invention wll be described in detail

bel ow wi t rw{,%@h@(ﬂ,@@ to Figures 1-6. Those skilled in tdg@hiooslobs
appreci ate that the escrlsiion iven herein w h res ect to those

fi gur es DETAY LR DEJGRIPTION QB JLLUSTRATIYE E B ed i n any way

to limt thegERePendinveifon m{eﬂé aa@nbeeﬂ in &msa@@sm&ﬁa%@uc@qotmgures 1-6.
scope of the invention nmay be resol ved Oi{/i:re erring to the appended

cl ai ms. Those 81{11@@2@] thyiag voitleapprrciainihenthic glesiription gbgn dwreith & 1gensvtetoythose
that th L

appl i catigneof tieann@hy R koM IRE SRR e deE AR} By R ikl pecpe of the
and/ or etweatiero mﬂgmetsmmls $¢@rth1h§tha|smpre@rﬂ tHedneamtibs maglbe c¢sobdé by referriop e the
field genqﬁ]gdag devices in the vicinity of the genes. In other

wor ds, i*PPPEE" BEEH- di scovered by the present inventor that there is a

speci fic el 86023) CTRE Ple@ént GhRELHD TRBASH iof 15 GMRbvdr Mat JRNEXprEBRNOS certain
field for regulating each gene_in bone, cartil age and other tissue

cel | s aB@nesifan befegdated by rdfei Wpiradienlof figlds senpratsfl dyopecifeand pelentivy clepic
sel ecti yed ¥, El@&l‘ﬁnﬁ’a%h&% §1§’1§d1§3a{}ﬁ§d k) cGIHC BleGiRldes - or | dhdp FHeld géﬂe?ahng UEH€es in

expressi on governi g the gro mai nt énance, repair,
degener #hd Geinity ofithe gencor Iatqtm wofdst it devlessn discowtddsbycthe pb:een’f ayghtar that there

accordance Wi L 0

by app! PCatBTe oo BisuRRRelSontehe FpfR e BRRR Shyh oF SouARIRLA B
el ect r onmpnet cam&g@arai &héraisbueadetls gahhraihesegpekdtic Slgﬁal§a'ea:8pdb¢e ¢frstpe|¢1ﬁeally
a sal ut ara: <illn| cal gtﬁgf ec Such di co erjes afg;‘f useful in. L
devel opAgh£e BRUVE SEEHEME the @RYID o cheR ary f’fa%?ﬁ'er?éalie&%‘?n go"emmgt ¢
condi t i @RswthMhiHGhdHe G8HA0 PRI ab'sgleﬁeratgﬁlt&qeeﬂbano@attﬁa@r@er e8lisSan bE Rsglilated
bone fractures, fractures at risk, delayed union, nonunion, bone

def ect s in aqepidange itiothe inysationsvia theapplioision PALielde eenersaddsrapphisation of snssific
or nore af?cﬁ sél%y@@f%}!ﬁc% ad Elb& agnetlc 51%/191%261151 éﬁ%ﬁqngﬁé\%ég 8 tag'ﬁ) roduce

phrase "signal™ Is use to re to a arletyo signal's el

mechani eahlusirg nhrhlsql efifecty 5Bdud1dcc8fmg¢saars usafhleinttho dewghogiicot of gmmsntamjhods
?le(raﬁ;[ r :c I?l'éa? &Qr Sceatam dI%ﬁ&lF Cﬁ)l‘l?lglf) ns 1nc¥ugm§nos%e[~og81ioF gsir%eqplc%t Ooqecinﬁcrosm, &esh
t ar get edohd Sadd@res, RtuAsrat irisk,] dlayed anioh eshuhion) lﬁbn@rde&c@u;hﬁlﬁﬁﬁlsmn, and as an
el ect roma,gnetl gﬁfl el d or_generated by d| rect rrent capaci ti ve
_coupl i ngdigretiih tgdtepingnt iofig Or more of thgpbeye gqugitios-ase “renote” is

used to mean@ayi AY.usaE HERIHNLOHhERATERhbEds FsaiTh@ (oo tAMC ParichRONR@inls
regul ation refers to controlli ng t he expression of a gene froma

di st ancmclurl@lgomvhaa@al pignae. ylifasoped siggals.oclprtiomagnelly figwwn andiFlsetdn segnals
For exa%B effe é[ NG & @plﬁ‘ech cL?st(?(ﬁdthﬁf hg.%h%{ 31493 uskd (ﬁ@?egq [GIRYUE an

source cah o providing the signal froma source at a di stance
from a tlesisica feld svitbml thrgeied tiksuenwhetbout e autténcddiakd ooz plelxetdea’lﬂaﬂorrtagnetlc
t he bod ecifi.c and sel ective" signal

means. o TSI OpPEr ey e DBE P Fedr BRAE R et or mi ned

charact eri sfas) oThafptakd UtbehotdUisaide@to ®edny a@ing) ected roﬁqmtemmollemdmm a
wavef orm that up-regul ate or down-regulate a targeted

t ar get edStaBRet Bérrare yegiation é?%rﬁttarcgmtg%lr%t e §a§er8fqncq tﬂygene %‘ma distapggs To
one 10 GhRAREehbtR” GBfers BRRGHNINE M a IRBEE! MR example, providing a specific and

selective signal from a remote source can refer to providing the signal from a source at a distance
from a tissue or a cell, or from a source outside of or external to the body.

[0026] The phrase “specific and selective” signal means a signal that produces an electric
field that has predetermined characteristics of amplitude, duration, duty cycle, frequency, and
waveform that up-regulate or down-regulate a targeted gene or targeted functionally

complementary genes (specificity). This allows one to choosc different “specific and selective”
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WO 2009/ 100048PCT/ US2009/ 032925 signals to up-regul ate or
down-regul ate expression of various genes in order to achieve a given

biologicahygambh@mapeutic response (selectivity). pb@ﬁ%&hﬁ&hﬁb
t | at t t
nder st SUEP &5 FREEIREE Botiaiser s R Bre b B AT R Lo e gy pisyt e

means 1t gidiglaEasheRIANRIEpOIkePeltigief)e, while down-regul ate means to
inhibit or prevent expression of a gene. [ 0028] Functlonal

conpl enent alQ27} Tl Erm oragylgten mesps W@Eg%ﬁc?ééfe%‘r &sgylafds am@rstood to
conpl emepdh e Vool uE¥RRA R afl UGwh l?eg%]agé ‘U%)“regﬁhﬂe rfdand kﬁﬁ&@ase expressiddQA U gene,
"Tissue" refers to an aggregate of | s"together wth their
extracemmubdpwsmbgdwmnmgwﬁ@aﬁﬂﬁbrmiﬁngﬁpﬂﬁh@ngﬁ%&%muraI mat eri al s of
a patient. herel tern1”t|
any tissue i\?ﬂltléﬁ ugatlonaQXF ﬁﬁmentagc efgrgﬁtgmé(# (Sraﬂﬁglteigge%%hog %:Txg)%qqggq are
tissue asmplinkentas dm;n&rgmtmslaratgp}eagellbr fisue. A so the term"tissue"
as used her y.alsp refer to an indi dual el|. [0030] "Patient"
refers to aﬁb@ﬁ[m  ISSUB ; TofeLs %I’}ﬁgﬁreﬁﬂﬁﬁgfe\{ Sﬁ‘i‘ﬂﬂgle ét‘“ékr‘e *?f (}fuﬂgﬁﬁlf]f’sgnces
[0031] Tihe rRmeseRy mersffaaﬁﬂapﬂaeﬁgy bfi@patiche AlsREE hémh hedgrardssdevisé@ended
that target certain tissues |1s or diseases. In partlcular t he
gene exp skide anntisuephthe Hody mﬁIUtllné musplgiand preat B tHmphjissueas well as bone
di seased, bhaANeTsRE AGL 1R EANREu GYULABRIPYA] B ARARlb SRIMRANG il
fields generafed by eléctric signals that are speci |c an se ective
for the gend®30p tRatiewtjudfers eulan mlmdepm&rragvéy a tiagenpban@re prdérhlly aBomen.
expr essi on | a ul at ed b a
of 51 gnal s (RN aPh EEE b i rear e e 31 Togtind dRiAS T I dEpein
of Corrplnes:negtcanyoxgﬁm%ssm [ﬁi!ﬁtldumrpme@&&eex@résﬁﬁﬁﬁs.souaﬂed oliihrthe adpaie fpf@ets. in
For exanple, a particul ar ific and selectjve si y. Create an
ol ectri ApEdca diaed dﬁsqeé@mcalfsegana CEBAIH teltr raaﬁlvéna% ﬁg%@wb ERSPE by
whil e t R SRR n91@ (R atehy Emﬁ’@éﬂd s%lé'cﬁ‘wl?e PRl deh&s 8 refleatih IR ©ig80@sues or
may create an electric that down-regulates a certain
undesi r allse GQ@?I@‘I@%@D@§S¢ bﬁ upﬁ@éﬂﬁ@a@frﬁ(@‘éﬁ@gﬁlﬁvd the thﬁ)am%'g%tloatfé“cﬁl@ylséhat
field gene t
donn- r o0 Seag o sARFP el e RECH Ly BRI RRLAED) 4SS gifthce o
si gnal . batefisml skmbellaﬂfectn thaaamﬂe wi paktiauiel epedt B end kfdﬂctmesngaalnnay create an
dlseased or [ tlss s can be targeted for treat
regul at PR HELE YEE M SEITR f AT AeSPB e RErohiEn At o7 Y pr engie
degener @&ﬂtl@ﬁla@ipedlﬁb anhd efladtive Rigahl rhﬂecféats ah@&ctric field thho&ﬁﬁl rekhiRtes a certaln
met hods and. devi ces of theegresent i nvention are bg identjf

those sHBHAINEOIE BEIC GORSFARe A TTRMASIR AR e IsiTER A Qéeae&%rﬁﬁeé y ohe

for the ,geRR.LYRCERSARD saéc%%'s?gtneldaﬂa Hawﬁ %%@téu B?ragﬁ&lﬁdgeﬁbrﬁféﬁslﬁﬂaﬁﬁther
i njured tlssue For exanple, fi electricity applied in various

forms (epagific @mipse&qcm/@/@g@@uﬁhmmgskﬂleddndm o vaupidpisignd gt cerain kisgased or
field I
| el ds) dﬁ@ﬂéd SRERS fhE Bk . rg&g&i & ﬁztlén\f%gzyre%ﬁgtylgﬁ{ygvagé&?% géﬁr@ﬁé N glofbin,

target ed”ti'ssues or cel Ima patirent”s
f r equeneyjntanptd, rapdie, an‘d/ai\tgefrmraunmor dhnmorﬁmloé‘ﬂm‘tlssm SI gnhal applied to

the field g t i,ce f rati on aof the i%f field. for
cach sel eot S EROmHEoE i Fais ot P e buliSe §RBe on Sptyjng those
can al s@jghak kHae g&ﬁre&@ﬁelﬁﬁﬂﬁb@lté bpexifRfant Rele@hv@dbif 1he gbhetdx@rdsélon associated with
specifical ly sel ectively
certam targeted diseased or injured tissue. For example, ficlds of electricity applied in various
forms (e.g., capacitive coupling, inductive coupling, or combined fields) can specifically and
sclectively regulate gene expression in targeted tissues or cells in a patient’s body by varying the
frequency, amplitude, waveform or duty cycle of the signal applied to the field generating device
for generation of the applied field for each selected gene. The duration of time exposed to

electric ficld can also influence the capability of the electric field to specifically and sclectively

-8-



WO 2009/ 100048PCMJ S2009/ 032925 regul ate gene expression in targeted
tissues or cells in a patient's body. Specific and sel ective signals

nmay generewa 2dof6doid C fields for application to each gqilﬁmszouwomza
systematically until the er, conbi nation of fre

wavef or r‘f?g”iq]? ﬁel}?y%‘lpéesm%é‘{) Efﬁg g4 BRSO Stih ?Wﬁ?e%gg\?aﬂe@% a&éﬁlte%t&f ©
ef f ect 9[0%19@ RayEReRER&SAQ M ic fields fdrAPRRdatibh td &cll%eﬁ@ sﬂ%ﬂrﬁ%il%’tﬂ Rt prdper

vari ety di séased or injured tissues or disease states can

t ar get egofbmatioreal ﬁmu@nqve@mnlstédq, e vefpeei dute pxoje, and d%rétl@uslfwrxdyh@fpr@ﬁdes
electrig fid réidéﬁae &g&%@tr?ss%%ne expression can be influenced by
sever al 1? ors. an electrical field generated from an
el ectrical 40634l Ithaw bequridhistonp jirad p vaadte of disepsehayinjuasrptisstasce disease states

vvaveforma d/or d nbe eci f.i eectlvef r . th
o 6o o Bn etk T e K LS e sty ooy Feltfor o
Tenpor alcekAf tg@khs efRedion @HMRtintendéd bi Feveesfase. 10 piticulel, agtoldcailal field
field) can also influence the spem ficity and sel ectivity of an

el ect ri @engrEpd fogt 2 Pentmigat sleap! o digprrsarsie freaenepoimplitnds, wiveform

gene exphése H?@ tﬁ@hé o8 E@ﬁ%cﬁifcfﬁﬁtée}é@tnﬁeoforrfﬁ@%x;ﬂ'@@ﬁinbd)ieaerﬁélnagén@? and thus
application of "an electrical field for a particular duration of tine.

Ther ef omegvidehios ergskdd traatingngs. ﬂh@p@nat famorsl (egnderativa afitimp gkpashétoghe sleefrical
s SRS Wl B G0 ATk B APV BLOE R o
gener at esprassicdl ht fdgulaﬁmebﬂgmtexpreﬁm @hebd moes éffeetide (o8 niade mdssilﬂe)b.éa the
AR St SR R R
tissue qft WillS@aRA%nd that the QREddt ThletSion tlieviddseoe Varyiindy gt fr@ileoN amplitude,
provi de for targl:lated treatments because it is possible to regulate

expr esswanelormcéwty Avplegrney daring eft enpligition of priclertig) dgnadithad aseeraisp an
i nj ured efel:t?%uﬁel Ll e QRBlHC Cﬁélh ag OindetL Bt s B@?ﬁe ehdScRengy ?&re&nmﬁ gene

speci fic and selective signals of appropriat requency, anplitud

wavef or mx@msioss inlotdgr oyrbeds G teatmepisrtageting evatishaef dseasd czrnmnred'rhsue or
speci fi it¥ﬁand selectivity of a signal generating an electrical

field Us be influenced so as to regul ate the expression of

certai n gengsoddn Thwberthd prebant gev:renaem tea qmmdseeasreﬁrgafedl mgatiheds beesse it is
or di seasegﬁt at es f or treatne

g articul a(ﬁ) e r.éﬁen i nvent.i.on

_pr ovi de®oFs8e fhiesplate faprssien 8 'fem@ S BSPRHHD ML apary Afeq or injured

ost eonegkQRi Hia thé @pplidaabe Jff él@&tﬂé Qﬁ:ldsf é%ﬁa‘tﬁ'deﬁy abpedifi kand RO Bignals of

bone defects, spine fusion, and as_ an aé) unct 1n the treatnment of one
]

or any @pprpm@taﬁr@wnebn@mh% waveform [ae BFUWh@Ch?efPF @asappropriptg duration of
present gija %.s@?«aﬁ&@r %P@QE&IV@% (ﬁp.P's ?a% I APGrich! REd! 'nYag s be
o afi gen Cl

si gnal s erating vice ge eration of a
and sel édtienedisoeb to tdgalatd the appbisod ofi mnmn zgnes an didsetistergebeeriain cilse@ded or

ti ssue and r.bQ Lhe ski he, d ces

vent i anosayis ot A5p 8¢ ol BT dhuse b BN BRI BRI toripe
sel ecti vegdtedreBmest. & ostadppilobis,adstadperd, @tcbherehigtfresh dosd Aringered, rfﬁmures at
di seased or inj urg}% ti ssue yet whi ch c%u el ds.the desired effect within

the tar §8ea@npden.dpne defeeis gBiRe fiysiom p1d senggpmedn dheirafmet of one or any of the
capaci t i,¥gleog@HRed WO 2009/ 100048PCT/ US2009/ 032925

[0035] The devices of the present invention are capable of applying specific and selective
signals to a field generating device for the generation of a specific and selective field that is
applied directly to diseased or injured tissue and/or to the skin of a patient. The devices of the
present invention may also provide for the remote application of specific and selective fields
(e.g., application of a field at a distance from diseased or injured tissue yet which yields the

desired cffect within the targeted cells), although it will be appreciated that capacitively coupled
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devi ces nust touch the subject's skin. The devices of the present
invention may include nmeans for attaching the el ectrodes to the body

of a pati epd2609;1bddgs vicinity of inj ured or d| seased ti SggaAIshevolof®2s
case of capacitive n Far | f - adher ent. conduct,i
ol oot rodeebmss o MUty s SEhe TR TGH of s BRETaRT Aot SR fegeans
of a fragtdua8tndReR1ccASISIOWR Yoty b BptRnbin thh'@icHaYLE BjukBd 6f dikdaged tissue in
present invention may include self-adherent electrodes 12 for
att achi tleg ctse efeginagilive ephxehugocf@r samplgaselEpdherqnp copgustine electrpdes may be
devi ce I r t
30.8kq gmergm gﬁ%ﬁpwh TRYs bf“ﬁ Iﬁlalgfﬁrea b%ﬁé. L0982 watih Sﬁ\?%i ﬁeg 6l fhe

a power unit 14 that pat ¢ e reverse
such t hatvithé0 pdvibe pl:ﬂﬂcltt ifidentigm nivey latluae:: helGadlprent VECERES 2 Erraapchérrg)the

shown) fitte rou n the i ent e cas

coupt | ngeviehie GE SrBEor FtRhe. BPbdiie® odiice A7 oh e rhdRE RVnlipf ) ifuae
at t ached|de@odes paMEed wnatpower mlaw tiaf hel eVELORE pamtlelcseh mreaéb@geeme such
strip el ectrodes al so nay, be aE ched teh ba of a tlent

each el &kt thsdRovesr ugit 6%&0?‘1 bt atéached oG ¥EL BRnisHaP é’ﬁ’l‘é‘i‘qv‘é}) ﬁ%ﬂgﬁﬁﬁ% on
Wi th On%eef?a%éﬁtr @0l heOfasd B?lrﬂﬁbt[vecgouﬁlhr%?We%%&emfaﬁ@ b QP v abY YncAlie
one side of the spine and the other electrode of the pair Eil ace

| ongi tu@oﬂm&ttayhetdrto@rp@w(@pwusintma@qﬁ@le@ﬁrocteheTb@sqi%adhmnt $itip eleglsades glse may
VELCR(( r

[0036] a %ﬁé\g/?tcogﬁ%{[li?&&% ran&frtevglélﬁ E%Gétﬁ i< of %éu oggle%qegmngmlg r?arallel to
vari ety tlcef spiveey svithTdre edi@tm(tceoﬂthe IpRir dﬁelqomodealqjlaa:e(bﬂongayd1bdlyt aenpr sidé bfythe

or permanent|y attach t ati.ent's bod The deyvice

o ebent PG an 150 Seised b biE Rep i BSF itindldg o8 B idodte P Sl prine
10 of t ety @S&Me VEVERDERD B ayie: Rpitliagdrhent Wden Bkihe pafiena pat i ent

by appllcatlon of electro s adapted for, contact wwth the skin of a

patient for [QU36] abps deviei 16t e w@etﬂw@ﬂpn EMHRC GaHayesiing vayety geways. The
predete dmla@@o %1%@ fﬂoﬁaae%r%@iy%t t'e%ﬁoﬁh@%r%eﬁn%eﬂﬂ?laﬁach&'?J"a%ht%h@k%ody
may al sO be ed via colIs”in which time vary mgﬁcurrents

t hus pr (ﬂhadﬁwge ls,qae%the present dnvsatiescis ipvaserebly aon-amaginetHog crarepleighe ﬁmce 10 of
penetrate the ) f

fields Ittl-h qrﬁsenﬁ vgnQ%n%pa sb%e 81]5:60 rtgglgea ofa éaﬁleﬁﬂgr ﬁ%@ll&(ﬁto{l\é?el%&ﬁ)%reg bfapted
i ncor poff@t ﬁﬁhtacﬂhﬂtht ﬂhe qkai ofatpagemn| fot Itheng)pdimahqnl afit dected Jfakiargeneﬂaed by the
pati ent i ne and/ hi.p as.described in_US Patent No. 15 35. .
The. dev PEdelumard BiRerts B BB AT CHETALY SUTTSUSHE RapARP B¢ JRolied Vs coils
i mpl ant &t {WRidh kitedvaBahg Bitfents M, Wklis dum apécifid 1Y denrdeve élé‘tﬁroﬁiﬁgﬁlatl@fﬁe&ls
patient. £0037] Those skilled in e art will furt

under st A perekite the tiaweiaad stegte the éP%%féCs@Wt seleqtientlpgHe é*'ﬁws b’é%‘r@iﬂ?ﬂ%ﬁ“e
in a va f

wth pregs Stdle P PG YCHEDRIARARN bt fRidh STAGHER BT Wcad Bikeen e
f or applpatoat’s oping mldémehlpas crlesgmbetdon WSl Rartqyl dlopAil $&8 Y. Blealsvicod@ of the present
el ectronmagnetic cQ |

swi t chaBf tl?rullnfw o ge ngPél@le fOI?CIS ’]9%}9!;1 ec% @gntslgclﬁdlﬁg\{ﬁéldﬂtmlén M‘ld%lhthe skin
ul t rasouﬂﬁlpsttmfml at or with a power supply for generating specific and

et ont " acolibghcEheh ARpRE i ARe opll uHES uope i Bt CaHereuane presrt
por t abl eqJdpidn @aﬁ%e'p?&h@ed‘ i at\,}aﬁet?ro? fthns ikt RudPR LS @Jbﬁcﬁdfé'l? cbi$pl@ power unit with
CapaCI tive COUpl Ing unit; OV\Bver patl ents with

2009/ 1000E8PaT?dJSPO0Y e cssvz@l,z@lwp%ﬁﬁearv Sﬁléﬁ%‘ietsilgi’(‘}lssfk’f #pphagtioprte pag paipor to
use ! nd'lllﬁl]t'eﬁ'iﬁgg?ygf él@&roldgé te?ectrgﬁaé[{%ﬁc %Eﬂe&r Q@&gnmg a&gc‘fl'l%%lt’é"g ‘6@/‘6} Bnit E)mth

require at1ent cooper at esira or use by
certai nswisthable multﬁotampbceﬁc and selt{dﬂﬁ)esqgnalhgandmneﬂtramnnd stimelrionstithet paver

in the follow ng ex | e, .which is .for. purpases of il lustyration
i s not |S?Rpé¥1££§o@gﬁn8raﬁggislféci Wearggﬁeﬂ)eé’“?ﬁ S‘tgﬁés' 6@?&% Y PR |°£?H1°e Ber@e is
based on patient acceptance and patient compliance. The smallest and most portable unit

available in the art at the present time is a capacitive coupling unit; however, paticnts with
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Mat eri al s and Met hods [ 0039] MC3T3-E1 bone cells (5 x 105
cells/cnm2) were plated onto specially-nodified Cooper dishes. The

cells merewghgwﬂoﬁﬁg seven days w th the medi um changededriagdodfobdbs t 0
beglnnln% of the exp knental éndltlon The exggﬁlnen a

cul t ure& trFfPB‘Mg“r?Bt}t‘ Weey JYFISE Qatse 10EHHINE tOuPlng antsap%%.ttlt Peg hand,

coupl ed fPaskiid $liRGrey@Meths ingidebativnt BodpRra@ibh,Pbik ntly WAd&ikadle for use by certain
peak-to-peak This produced a cal cul at ed- field strength in the culture

medi um iPatigne di shes of 20 mV/cmwith a current density of 300

.uA/cn2. Control cell culture dishes were identical to those of the
stinul ated dishes except that t hgy %gtrodes were not connected to a
function generator. [ 0040] € end of the experinent, total
RNA was i sol[88388i Th¢ myemiRinzs demerstreicd imthetiellavieg peamifla othigheis’ fey purposes of

| nstruct, tl S3tiort é‘n% i E&’ﬁnt%&&%d% f}Hl?t“tﬁé Pc%hi%‘f tﬁﬁgx)efe%? nﬁ}g%t%%per Script 1l

reverse transcriptase Wwas r med primers to be
used in the real tine RT- PCR techni que were sel ected from published
CcDNA seddeacals and Mbeisidgned usi ng the Priner Express software progrant

antitati | - 11 | ysi s, of = r gduct erfor
Gorhg an AmOBET M B0BoR s o HT sl St wiRd RS Segaly osifsd
opti mal (gog@edisie@r Th18cieRék oddﬂ'féreﬂa%ﬂi'ﬁhﬁnw% thd el eh-A8aENBITRAG to
ot hers-was found systemati cal ol lows. An electrical signal

known t degignias of t@z%pwwal&ﬁn%n@t {Tip gxperiameatal prik cyltyess é@@é@oybthew@rdws
j ust susgps ?ﬁ%&g?cte‘a to”aCEagﬁa 719]%%#151@%0 REQAE | %{}eﬁ atxﬂptvﬁﬁoﬁg cﬁ"ﬁ?lélsv

taken as determning t pecific si
gener at |pn§<-tolqmabl Bag pnoducfed @lcdlculatedifeeld stregethel titei mbure reshium lrethg disbes of 20

expreSS| of t r {n,, K A,dase-re ve is. firs
bort or st ioyt il d et Aol P avear CRar PR G Rin e Rt i fo tose
the ot h%rfﬂﬁlsaﬂﬂlatéahﬁm%ﬁ@ tsthht(tﬁe S8 Werk dbf dhh&sd t6 latﬁ(nc@aaﬁ géherator
frequency, and waveform gure 1). This determ nes the opti mal

anpl i tude ofl0449¢ At Hhetand éhegmzpnm@rrt totié Rjhwapisplatedsissg tlzelhageording to
DL, A0S ERBTAE: FUCKEy LapSlof PLEPLIBE RSPl e
mv/ cn) whhiceiptasd dsraag:etﬂoen@bt(Dlm@nuanqﬁidﬂtmdeerand bot ed isi tgnabal time RT—PCR
por o T o A o eI NA e AR S B R Figer Bxpres
const antsofthgre (pﬁtg'rml Quadipikativei denl-aint plybisol RIWER peydluas wae poformed using an
previ ous| ourth dose-response is perfornmed varying

the dut y*%lﬁetsgl f7P§%§%’G%e Retectiopdysiemo; 100048PCT/ US2009/ 032925

(constant) c!ﬁlm:l YaRe obftﬁﬁl W@ﬁilefolfl(?ﬂléjﬂéwreg gnhtidnher eRt FaRl2 gene—among
anpl i tude, duration, frequenc und previously (Figure 4). fy
an

this netOHm‘JS—‘aPﬁ @p@d mtenzﬂngﬁbt asj fgf/@\e& mlm@cat Signg kaehe ith gush ereation o
gr eat eStel @%rtﬁe‘ﬁs ?11alt [t'ncﬂ'&@esg(t%ﬁ%\i&f( s?ﬁﬁg&@edotfo 159: as% céﬁuleﬁ-gﬁl cﬁﬁ:ttm?%f a given
evi dencé b ot her "signa eln

I gures I nduce an ncrea
express mmtetnflb Fien 21sathe W&iﬂmg lsngmﬂvfer desuohingi aapscife signelsfor generdtlng the

prefer ablc%trl%sﬁélg' S tlgeotapgoc cd tlSSllilg ?or tﬂg gictgcetr:])gpirc]ZsisE)g (WB{I\I'X)] & gla{ oK dosc-
response curve is first performed by varying the amplitude of the signal while holding all the
other signal characteristics constant (duration, duty cycle, frequency, and waveform) (Figure 1).
This determines the optimal amplitude of the starting signal for the gene expression of that
protein. A second dose-response curve is then performed, this time varying the duration of the
electric field in the targeted tissue (in mV/cm) while holding the optimal amplitude and other
signal characteristics constant (Figure 2). A third dose response is performed, this time varying
the signal frequency while holding constant the optimal amplitude and optimal duration as found

previously (Figure 3). A fourth dose-response is performed varying the duty cycle from 100%
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[0042] A fifth experinment is perfornmed using a continuous 50% duty
cycle (capacitive coupling, 60 kHz, sine wave) to conpare a 10 nV/cm

fi e![ﬂ to a‘ggggtmfédﬁﬁ‘@ffi ﬁl dFt o] 521 40 {TV/ cmfiel dd! n Ehg t?f(ﬁ-ﬁ}%%@:bghkﬁgje
or ot o1 n GapeRBA Sl Gionot M bPURECFonHEI S0 SRTAL GG e, Ao Fiodcageney
but not 4§ %Lﬁl’fig)l}'él\@odw ﬁﬁglfﬂeel?dB ﬁ{iQH{eﬁloﬁ% an optimal [s(RA#3k d@@ﬁniﬁé&%ﬂ;ﬁéoc}urﬁing

invention clearly shows that the optinmal electric field describ
t he exartipl grestast inasease 4 thei gane gnplcssionol Bgtlat @ rugmse aprRdensa by the fgeres,

i ncreas ne for I an. i 0 i eni X i
frosh boHS"FEulF TR Atk Th BRRPLRR fon BE PORRER Aot RN ERRSRER SRl ar
spi ne f Uk preferabic asthepdo adjinduct thendénti@ed nptatimehtesmisone or any of the
above. Thos illed.inthe art w/ll reci at e. t hat ropriate..
clectrict: SEt) e T Bunepduth gt it St S8R RRRERH efhfuiye
equal | y c8ifiRe! 60/ IeMMstnR WwaE et doafeQtl nVEcrfigldab b 26/ Beichof@g Red 46 mV/om
systens that produce equivalent, or nearly equivalent, electric fiel

. | ec d
char act dieldsin s targpied dissye Iy bg nroductien af fhewf‘gf—fiamr@tﬁnhp%ﬁr Bdicated. thefGF-2
nor e uni i rif St d i r t
oeper | miiEn HAORLY RAEAIGTH e RPriThcky 26d b SORUEIRINS I Boh (TOIG mfom
30 3 nifie)d (Figwere Slich rel atively minor variations in each of the
si gnal char istics are belie it hin. )

Sk T ea i L, ThefRseht EnBSon @ty Bt AL bicha Sl B el Qs 18 e
ski | | ed ckamplb €arvdry wichilficaltyaipappuiee FaFe? mRNA miybemusinatherbone formation in
nodi fications {o the invention are Q SSi bliﬁeé\Mthi n the sco]t{)e of 1 heb

i nvent | GFCOREEMSI e PEIRARDIE: OFEORSHIS Rt RNy frRslies; Faefuirs L ris-cuphupign, bone

appl i ed qbRc@NpiddFEorY, lafd hiveh Aurl¥PHEh@RBARBNH AbBe SitkirfyaFehLIboos. Mdasskilled
in pairs or stri mcorporafled in braces, waps, or casts, and

del i ver ézutwwaﬁgﬁmci@aﬁ%iatliapém@tiﬁrgleiqqgic figldps depaibspiierei with spppeitive
delver _ . NEG2 .
escri %g'fﬂgﬁéielﬁ fags%bep[ﬁalggﬁjfécﬁge Hth 3¥cheD &uﬁgﬂ% %gie%lli §l)ect?<gn%3k:t‘?@@s@msfthat

i ncor por rac , Wraps, or cas.t S, | v_er e means o
i nduct i pendocu pduivedent,Aocmady reghiyalenth elesteio feeld thardnteristivse thpgmskikdednipt the art

intended.to.be limte o the preferr.ed enbaod. nent. desecrib Ve,
but -ont it PrapoisHisis et Bord Ep e SGRACEIRAGI ALy PELLATH ARGNR more
up- r egubkRpdring@ntdion geMemecpiaesslins (Of., &ill0 ab%siute cyil© R 130f-a8 tnein, Dut such
(FGF-2 nRNA) or FGF-2 protei e;\g&rtgdu_cti op in targeted.ti asug, Dy

_ conpri sFH#iveyERBORY#HRGOoRt injca hateag eharpsteristingiare belicier R s ifhig the level

havi ng 3r foSOaINQYn &fc ARRIheRhEiNgGRrditz t hat when applied to one
or nore field generati n& devi ces operatively disposed with respect to
8 "'g@ﬁeﬁﬂ

sai d target d0044 sEhesc skilisd & thrartgulerlser anpreciste that mieeseys; ethes yepdafications to
| t i fiel A3V ) i ;
el ec r?ﬁ?egﬁ,g;&pﬁm Arg ggséaﬂxlvnﬁm?@heagqagé tLHge ﬁfvemﬁr P%h @g%ﬁlgéeﬁg gﬁaﬂ?ﬁgﬁeld

nv/cmint arge tissue that specific and sel
up- r eguldadciibed bdreinfven penpplixdppessibone vi tNGRr nandpwopiidie surface electrodes, in

up-regul ation aof FEGE-2 tein in the targeted  tissue,as neasured by.

TRNA. wh @RS TPt PR T T oieRe Frge @ STEEEE RO i fgetive

sai d FGtowsling. Also, the optimal field described here can be applied to any bone via coil(s) or solenoid
incorporated into braces, wraps, or casts, and delivered by means of inductive coupling.
Accordingly, the scope of the invention is not intended to be limited to the preferred embodiment

described above, but only by the appended claims.
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and exposing said targeted tissue to the specific and selective field
generated by said one or nore field generating devices upon
application of said at |east one specific and sel ective signal
thereto for a duration of approximtely 24 hours per 24 hour period
at a duty cycle between 50% and 100% so as to selectively up-regul ate
t he gene expression of FG-2 as neasured by nmRNA and/or up-regul ate
FG--2 protein in said targeted tissue, wherein the generating step
conpr i sesWhiias elaimpedof sel ectively varying the anplitude, duration,
duty cycle, frequency, and waveform of the applied specific and
selective signal until said at |east one specific and sel ective

si gnal i 9. genehad efumpreduiadngithe xposdxpeessibe pf tinoplhstiasoethfacbng (Ber-d

targeted tjissue the specific and selective field until the gene
expr essi f&?ﬁti&ﬁdg%@a%%a%yl HRRIAC R oo Ing: protein in said

targeted t9stnd 18asf Silpbeifl aRKRASHLEsika] hABnS Paeiidney 8Nd sel ecti ve
field in the ta?%eteg tissdg ig increasggglz. %%e n%thg% of claiml

wherei n the gepeiozimately 80 &Hz duivpyber aplicd éo eneayy mfre feldeengrpting davices
el ectric sign g hNg: ' w@¥ ] j I nt
specific and ? ?%@Ye%lg g““’?‘.’ Sgi g,?tihl’ll E"eﬁ?ggrl% g#%egéd[t?sg%%\%ﬁﬁeggﬁ%%ngﬁgwf %’ﬁde
of appr oxi mat ah yle2fictand/éDeledltamagneticfield hevingihadplohdcdfapprokinndiey €0 n
said generatin t conpri ses the step. of neratjng the specific
and sel ect | ve (1 GSTeREn B AL USuRMEEis TR BT SElepde e e
conpri ses the rsh@RioRlof 8RN HGPrdstien SPEGFII mdAnthesplREklhNéh dfirtmat o
targeted bone tissue. 4. The nethod of claim3 wherejin the exposing
step conpri sePrateia intheparestedipishy phigeasheeddpasRNnevhengaiddicktisiapiedite| d
in the targeted t%fg%t%?fﬁs&%%?ﬁ@ﬁ]ﬁ% Qtﬁ I];(Ique_zone or nore field generating
devi ces upon application of salrd at 1east one specific and selective
si gnal t hemdtegpdsingsai thigegdtistichothe specBumd seleotighfiddpaciatéd/ey said
coupling or i rc])gg 81:[ Ilngree ffe‘l)&J Eclde%%hg devices upon application of said at least one specific
and selective signal thereto for a duration of approximately 24 hours per 24 hour
period at a duty cycle between 50% and 100% so as to selectively up-regulate the
gene expression of FGF-2 as measured by mRNA and/or up-regulate FGF-2
protein in said targeted tissue,
wherein the generating step comprises the step of selectively varying the amplitude,
duration, duty cycle, frequency, and waveform of the applied specific and
selective signal until said at least one specific and selective signal is generated
and said exposing step comprises exposing said targeted tissue to the specific and
selective field until the gene expression of FGF-2 as measured by mRNA and/or
FGF-2 protein in said targeted tissue as a result of exposure to the specific and

selective field in the targeted tissue is increased.

2. The method of claim 1 wherein the generating step comprises the step of
generating an electric signal having a sine wave configuration where the resultant
specific and selective field in the targeted tissue has an amplitude of approximately

20 to 40 mV/cm.
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5. The method of claim4 wherein when the one or nore field
generating devices conprises el ectrodes, said specific and sel ective
signal applied to said electrodes causes the electrodes to generate a
capacitive coupling electric field, and when the one or nore field
generating devices conprises one or nore coils, said specific and

sel ective signal applied to said one or nore coils causes said one or
nore coils to generate an el ectromagnetic field or a conbined field.
6. A devi ce3fB meteedeisiaing lhuhascin srigenapingslepaoawpsssdhe gep of

ost eopeni a, rQsi: : I - blsk,
monns on, e IP B Q8 and &R PO AR MRStk 36 i SRk s
treat ment osdmmizes theisep of sitpdyipg thieapedit anheleved §sld fo tepleteld dge tissue.
fractures, fractures at risk, nonunion, bone defects, spine fusion,

and/ or other conditions in which FG-2 nRNA and/or FGF-2 protein has

been inmpli catefd mdhd FRIdiRN wheOAMd pbdhg fept@iseSBEKEP of Bidlying
generates at |east one specific and selective signal having a
frequency otheapisilinandaeierivedrldimibe wagetpddisgiragene@ief OF tegmersmareg and
varyi ng dur a;i - 41 e eat:] ' ific
and sel ecti @%alh glg%eg{gtfntgfdgrglcggu u?%H’ Ig(%hgl?gté%%lr %%:: agrta(tﬁ%lsb&gﬁé %@tr}r% lse‘s‘%‘g‘f 24
hour peri odsigtal éhechnt Yo thy Grgetdidione éssus@itoagidcapiitiye @odlimne induckkee e
field generati 9 devi ces connected to the signal source so as to
recei ve saiﬁ“ﬁp $east one specific and selective signal and that are
operatively disposed wth respect to targeted tissue, said one or
nore field generating devices upon recei pt of said_ at |east one
specific ang Tsreethqdof claingAavhesein sy therpae ge meralisld gensratins dpwess i ¢
and sel ecti ' : ttk Gaf 42l j

APl fude. oF e B g R ARAN el Bl o RS oy
i s specifi ccansas thetledtodvetofgenertthe capaciteguovplingrelesfrict firdd, god evhen the
expression of FG--2 qu/or thqi%%-re ul ation of(ﬁGFn% E{@E%Lgiindthe
targeted ti ZEPETLC RSP EE R MR RBRCE B FIAF §O s UPHET RS 48 the
targeted tistddeveapialapplieg 1¢ adidlole@rdore coils causes said one or more coils to

generate an electromagnetic field or a combined field.

6. A device for increasing bone formation in osteoporosis, osteopenia, osteonecrosis,
fresh bone fractures, fractures at risk, nonunion, bone defects, spine fusion, and as an
adjunct in the treatment osteoporosis, osteopenia, osteonecrosis, fresh bone fractures,
fractures at risk, nonunion, bone defects, spine fusion, and/or other conditions in
which FGF-2 mRNA and/or FGF-2 protein has been implicated in a patient,
comprising:

a signal source that generates at least one specific and selective signal having a
frequency of approximately 60 kHz, said signal source controlling and varying
duration of time of application of said at least one specific and selective signal for
a duration of approximately 24 hours per 24 hour period at a duty cycle between
50% and 100%; and

one or more field generating devices connected to the signal source so as to receive

said at least one specific and selective signal and that are operatively disposed
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wherein the signal source conprises neans for selectively varying the
anplitude, duration, duty cycle, frequency, and waveform of the
applied specific and sel ective signal until the gene expression of
FGF-2 as neasured by nmRNA and/or FGF-2 protein in said targeted
tissue as a result of exposure to the resultant specific and
selective field in the targeted tissue is increased. 7. The device

of claimé®6 further conprising‘a portable power unit that drives said
si gnal sour ce.Withgrespeglodugpled tigpue.spidi ape 61 gre dd censratine e viges#PaAs f or

attaching the i) df QeE&‘Qtrl@ésit Ok @Mh&ﬁn&r %léc Ge lega)f SQISi ReLdreioh Bri he

vicinity of targéted bone tissue. 9 e devi clfarnto turther
conpri si ng neapscifiomdaeteatvd eleptiihamddirghatromegnete ficld Hakhimg o dnpbfuda of

patient. 10. The_ deyi.c f.claim®6 rein, the field erated b
Bopl 1 cat i on ortBrias Paf S uRuc Bl e dn it G e PR RS ¥, e
field gener at ifaghéeyresation ofPRlgeRbexpiession 9f FEFPeindbr tHespueghhtion of
capacitive coupling or inductive coupling. 11. The device of claim
10 wherei n t hd EpeBrofsip igihg tagqted-issyeasyneasued hy sBINAwhen faig deld is
configuration., i3+ @%ﬁﬁggfgg detsm b iak@s.speci fic and sel ective
si gnal that mﬁg% ap%@?e to Jngepr nnrgq%ﬁgﬁgfggneraying devi ces
causes the wgbereingh¢ sgnabfowcd ¢ampisenmeans dert selectived g varying e amplitude,

duration, duty cycle, frequency, and waveform of the applied specific and selective

signal until the gene expression of FGF-2 as measured by mRNA and/or FGF-2

protein in said targeted tissue as a result of exposure to the resultant specific and

selective field in the targeted tissue is increased.

7. The device of claim 6 further comprising a portable power unit that drives said

signal source.

8. The device of claim 6 further comprising means for attaching the field generating

device to the body of a patient in the vicinity of targeted bone tissue.

9. The device of claim 6 further comprising means for attaching the signal source to

the body of a patient.

10. The device of claim 6 wherein the field generated by application of said at least
one specific and selective signal to the field generating devices is applied to said

targeted tissue via capacitive coupling or inductive coupling.

11. The device of claim 10 wherein the specific and selective signal has a sine wave

configuration.

12. A method of determining a specific and selective signal that when applied to one

or more field generating devices causes the generation of a field in targeted tissue that
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up-regul ates FG-2 nRNA and FG--2 protein in the targeted tissue,
conprising the steps of stalling wwth a starting electric signal with
a signal shape and frequency that when applied to said one or nore
field generating devices generates an el ectric and/or el ectronagnetic
field that is known or thought to affect cellular production of FG--2
nMRNA and/or FG--2 protein, selectively varying a duration of
application of said starting signal until a duration that provides a
nmost si gni f Peagemlatesdi@ad BROBGE mnatedy in tlertaggetpritiasugnennaisgrhe
protein is ) i : I.NQ.: i . |l 1
signal unti %tggsrr}% gﬁlgﬁgte\ﬁ%%é{ %ftltn&%%{\#g’é@ Qg@ﬁ%é fggiﬂgﬁu eiacg:lggltea]itle?ilg '(tal{aage

i n product i eherodpph&iFta?said_id canchrofield @endtatprgoiegichs gemefatasnad electric and/or

sel ectively varying a cycle of the start.in iLgnal, until t
oot hat ) B dihsaett felthellkabrR bx bV o M SR DRt or Y
FGF-2 mRNA aiRa( 2 ind7CFFGF-D RS t6ih Nsel edtiv @ fslyind RciusRIo8 &F hyflcktiokedshiag an

on-off interval of the duty cycle of the signal until an on-off
i nterval th#ertipesighedawitiba fgrationsihaiirevidesa mpy sieatficant incrpase dupreflentionf

FGF-2 nRNA iz | o} 13 i.n,.clai
12, conpri SOt RaTRI Rl PEBED M Rlng rh IE VIO b LR,
and wavef or theefartse) stknat aitll angmpligdathat eewengmostsegnifSdagniatrease in

R T T MR SR T W RN
duty cycle of the starting signal until a duty cycle that provides a most significant
increase in production of FGF-2 mRNA and/or FGF-2 protein is found, and
selectively varying an on-off interval of the duty cycle of the signal until an on-off
interval that provides a most significant increase in production of FGF-2 mRNA

and/or FGF-2 protein is found.

13. A method as in claim 12, comprising the further steps of selectively varying a
frequency and waveform of said starting signal, keeping other signal characteristics
constant, until a most significant increase in production of FGF-2 mRNA and/or

FGF-2 protein is found.
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