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,\lrstract-
Objc'ctire-:\lthough the promotional ct'tccts on bone hc'lline of pulsed electromir-unctic liclds (l'F.N.ll')

hllc bccn ucll dcmonstrltcd" the etlects of static nragnctic ficlds (S\lF) rcnrainctl Lrnclcar. In this str-itly.

eflects of S\lf's on cljnical anti biomccltanical a\pccts ofbone healing irsing a canine unstable ()stc(ltonr!
gap nrodcl ucrc inr estigatetl.

Design- Prospectir c dcscriptir c trial.
Animals- Fiftccn rlongrel dogs. .l k) -i I cars old and l ci-uhing J 5.5 to 2 1 .3 kg.
Procedures- Alier an nstcotoml of thc rnidshali radius. bone healirrg uas eraluatcd ovcr an ll-week

pcriod in control dogs (n:5)and cxircrinrcntal dogs exposed to nredium (700 gauss) (!1SN1F) and high
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t1500 Siru.sr rllS\lf r nli!ndtie Iicld: tn - lirc1,.'rrLlr !forrl)). ll(rnc ltcltlinr uis lt::c::etl clinieltllr antl

biolrct llrn rr rrllr .

l{esults- l)(,!\ e\l)()\e(l l(j HS\ll;hirtl nrolr intlrorctl lanrcne.. scote: ir (()n1ril\1 lo tlte \1S\1F rtrtrl

eilllltrl]t]tls:'SigIli1ieirrltll.gt'tlttcr.l.Llt.ecs/l)</l,1/j]\.li]t't't1ttit.crllilbrcirktll.'
trr HS\ll:rs ei,nrpurrrl rr itlt \1S\1F irr(l c{rnlfol (,nc\

( onclrtri0rrs ltnd ('linicnl Rrltrance- TII!'\a fc\ull\ \ur!a\t.ri tlrlrl Lr'irl ihi ()\l('ol()nr\ lrI nrirrlcl

Il,(),11- cnhuneed tlrc elilti(lll lrrrrl lrirlnr'.ltrrniirrl iL'Ieet' Lrl l.rr,nc ltciLlinr: in drrl'. l)ot' at tirl' liu rlelitr.rl
htirlinr rrl 1r'iLclr.ttc: nLir bcrclit lirrt l|ertlrrarll rrrth llS\ll;.

Ke.r \\orrls- Slelie nrrrgtt,.iie licl.l. Lr:1cr'totttr. lrLtttcttc:s. I'itrttt.ellltrlic'...krl.

Intr'oduction
\la-r .tii tltr'llr1rr i' rrolhin:: rcrr. lhf cllr'.1\ {il r]liL!ltcl. Lrr iriLrlotie Pro!e\\e\ lllr\f Lr(r'rl direLrssctl lrir'

(r\ct ll)i)(l \airf\. llra rrl!il llIrl f]lr!rj1i. llre|l[rr roLLlrl bc rr.etl l() l|cxt rirscir\.' hc!lttt irt tlrc clulr ltt
ecitlUl\ \\ iLll lh.'Su i'. l)h\ \1f1li|l. IlrilLr'r,Ilrer lIrtl lr].lrr'Irr:l Plr|lLcclsrt:. rr hrr tt:ctl rlllr!rlcl\ l(J lfc(11 a|llcll\\.
rlirLr r lr, .i ,LnLl hrnr,'r'hur.'

IlleIlrLlli|ellttilrrrlll](Irl)|(lilic:||llili1ill|]\l|(]'t.'i)li|iI\L''
.lnrl 1cIiLil ol brrnc. i: nt()rlLllitt!!j l.) .erilrrl ! \llr..'lllrlrf llretirs. srt,lt .1. ert,rLirte. ilrt(l lt(Jlittottc\. lJ(inc

Ir)|l]irti(j i. rri.rr rrlirr'tctl l.) |Lrl'rJ alc!{f()rLt!nilir licltl' .\L l,r..r'rt. l-.tt1'cLl eleel|tfrurntlie Iiclrl: lrrc

criitl.ilc]rlt1.1llieJlrlt.|itlltltlttiltilllcll1:illrr'lrinllh||]()|]|||]ilj]]L)1I)(l]l.l|i|flt|f.\.
1re:]t lIr.tLr|c'. rr\lr()]raffo\j\..1111j 1 r ' 1. 1 r Po r t r s r . . \. I()r lirc allart\ {ri lrtri.e(l clcelllrlllil!lletie Iiel(i\ {)ll

lrtItc. ntirtlt .'r i,-lcIee ltlr. \Lr!.if\lc(i liritl llrf\ (nLllLrea Llre irtlir rti.'' rrl rr..tcLrhllLsl'. i c . ItolilcrlrtiLrtt attd

rIiIIttr'rItl ItIrrrL 1 it.' e r. I r'c ' ' i r r n r)l bolt( rltirIlriitrni. l)f()lcrr I lrrtl 1. r\lrl.cllrlrLr rtlrtliet'r. ull.tlittt
IhLr'.Il111115. illlrl rrl lLlt\ l t!l lilc Il.1kf ol tlrl. tL lll.

Sinlc'ILr1.,rrl c iflt\|lti:IiLL. lifl,-i' \rtlrl lrrilir il rl[1rrtr. ]iclLl .r rl irt alraltir lLtItcnl. nLr r.lclinilc
( t if ! lrr.il, :j.Lr lrr Llill\\ |
rtr'!a.\l!l i\ 1r.,.,'.tift,1l jlIr1 .r lrLi\,lt\.l..r lr l: ,t l'i \ll r!l : i L L I r , I I I . r t I ,- t r i I i lL.Ir.ilt1. l(,.L l)(r\rLr\r'r!\Lill
ltrint:L .l.l, |r,,tn..ilr lif!,1 1\\ll Ir.t..,,r,. i1.,. r.r,!1. t,, Lri trL,:r''ltLrl\ if lii Lir'iL trl lr\f\l |lr.l!|lal\
llr, 1,r;1',,'. 1,r llrr lrf\.:lr.lL(i\.lr.rr,'..\.r\ L!, Lri..ir!.1. lr..1lq.1','1 S\ll r,r l',rtc h.'.Llittl in rt r.Lnirt.
\j\tioLorr\ i,ilr rrrrr[] ,lrt.rrrine,.i l.' rr.lL i',,1 l.Lorli.ltltttieltL rltrl r'lttl !lll lrLrl\)r\

\ l rrl u'ials an(l \l('thr)(l\
I ltf.l 'f\il.L l\ ltLiLrt ll.Ll! ll,rl!trl rl,r!,. i 1,, i rL.l',,i,i .LrrLl r,,ei-tLtill lt I t,, ll I l-!. \\elf \ltLrlL(rl

l)r r' rr.'rc.liljnrr!r,rrL 1(, l)f rifliir\ 1f1 11q lr11' \ Lri rrll\\i!.r. ('!illr,l1.'rl1! illl(l lilrliLi!lilIlli! ,'\iLlllilliltlrrll
lf,l rl'.Lfrl n(! rrLi( lJ( .nr1

Llrll lliS\llir,r nrr'Lirrrr .rcn!1lr rrir!r.rir lielLi r\15\li. I rir = t/rrt.litrr'!(rnlfol 1tt = 5rltoLtlrs. l-ltL

.\lr.tifrinlill fft'r(r!(il \rir\ irlllrf()\\'!l I'r 1ir.' \Lt.r'rnlrrr ( lrnr.lrl S.rcttee' ( ollltlliltcc ltl I frlliil [ ]ll\r \il).
( r.lr,11q 111 1.1. nr.1!r!tr! \\ lrl,\ !Ljnllrri\ari L)l Llrfa. \( rLllr! \iriLl).(l irctltlltltcttl ltll-ltelir'fl.tLc\ 1l-. I itlall:

lj. l,N rrehri \c|rr.1-r;11, r'r,rrrIie'. \llrl.l,-t- \\lrlilr t [1',ef\rt\. I'llrlritr. It.lltt ',rcr.'Lt.itl lo.tflllf lltr \l.rliL
i]lil!]l(tj( t .1,1' rrr tlrr' \lrL'l\. \\].llr\',icri nrrr,le r,l . r ,ll r r t r i' r , i l r I ij irr ellt'1rr'l.lLrLlltSe r,,Llr. F.r.lr tr, r-:rr, ti

l)llr1a \\it\ nlrLlc Lrl ul allr,r r,l ..LtLrllrLrlt lin ti i\rl . -O i. jlte ntitslt\'tii |()\\at-\ LJI lhcl.lltc.\\ate -l)Orllrl

lir)(l:rLrL.' !i,r \15\llrrlrrl II\\ll ::r\,rl'\ rL\irf!ii\!l\. I ri I ir-!fili. 1\)rLi l.cl\\cen l\\rr lilelrg llr.r!rtcl

IliiL.\ \\lL\.111!iL(1i\( l(r.il.h (,1lref. Lrfe llrrllrrrlr i: rtorrlt r\tlLnLl rLnrrtltLt ott. i' "rrttilt 1S l. Itlil.li\c l)llllc'.
\\lllt(rul rtll!ttcll! |{)\\e1. \\atf lr\frl rr !(rrlir'(rL !r'()lrl).

l),)!\ \\.tc l.renretlielrletl \\rlir irtfLrl)1nf Ll).1|rrLr IlrLlr'lr. lelrlrr. l|lrnl1().01nrS,i kS. inttalrtrs'trlitt-lr ll\l it
l ltt Ll lr! f |r'( rrll lrl rrl('
rIJiirtIIcrIrir (irtrhll. \r!!rrir. \u\1ir.L 11)nr- 1". l.j" jrtlrrir,,Lr'l\ rrirrl rl.rint.Lincrl riitlr llrlrrtllrrrL rtlttr
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intuhiltiorl. Right rndius u'as sclcclcd lbr crcltion of niidshaft ostcotont\ inclchdo-s.Thc. linrh ras clippc-tl
It rl 1'rcplr|e.l l{,t ,t\,lltt \||r'tct\.

The Iimb uls draped. atttl ln approach kr thc crlniorncdill ladiu: rrlr ntadc.,\ Kelly hem11strt qris
pilsscd bct\\,een fhc rldiLrs attd ttlra to protccl thL'rrlnli lhrm dlnili-{e during o\teotoll\'. A Gi-qli rrirc rr.rs
u\cd 10 crciitc rn o\tcotort)\. learing lt I nrnr glp bct$eeI b0ne encls. Thc area,,tls Ilraged. C'l()\Llrc \\l\
ri'lllillc

Allclogs rcccirccl sodiurn lrrpicillir (Zlkaliu PhalnrccLrtical Co.. llbriz. Ilan)(2-5 nrg/k-u. inrr.arcrrouslt.
e\er\ 6lxlilrs). and gcntiinricin:ttlllitc (l)lrroLr pakh:h. Tchlan. Inn) (5 nrg/kg. intrarenouslt,. crcr.r lJ
lloLlrs) lot -5 consccuti\c lx)sl opcftrti\e dars. Tnrrraciol lKRKA. (1. ti.. N0r'o ltcsto. Slorcrlial t0.l ntg/k-1.
I\l1ulslitlnlinistctcdcren.]hoLtrslttie'lsttrltt.rtilr]"1htlttrsltrtdasneeclctltI]eIealtcI()ColltI()ll)il]l]]!l
disconrfirlt.

Tuo cltvs p()sk)pcrlrti\c. thc c'rpcrinrcntul tHS\lF and \fS\11;) rna-gnclic \\ ri:tps \\crc plaec'rl qrcr.thc
opetatc-d tetions (risht ntid-,tlllchtLchitrrn)in cithcr 5 rkrgs ol thc crperinrcntal lroups. I-hc't lclc iirccl
\\ illl noncolllprcs\ir c drcssinr:: ;rrtrl oricnlcrl in li \\ u\ to il\\Llrc tltc No h P()lc ircin-g thc lirlb. Thc oper.lLtc'd
teliittls irt 5 contlol dot' lctc coreted br inaetirc nratnetic \\riip\. r.rs,,rc-ll. Thc ope'ratcrl lc-uions in c.rch
e'rpcrinlentltl groLlp \lclc L'rPo\cd to stittic rnu{nctic fle-ld contirrrorrslr throughoLtt thc eiltirc erpcrintcntll
pcfiod (3 \\ ecks ).

I-alllctlc:s scttlittg uls pe|torrttcd inrlepcndentlr br I ol us (SS. \1A) dLrring tlrc entifc c\lcrinlcntitl
pcl'ioti. bascd on Sntith cr rt1.r I he llirnt'ncss u lrs scored tirr both lo|clinrbs br both cxlrrniner.s as: 0= notl
ucight-bearing. l- ue i-lrht-bclring. but lartrc: l= n(r lalrcnc\\. Llnrcrcss score filrclch tintc point \\its thc
mettl tiflcsrtlts tlf thc I r'xantinlttions. Iirtltl scilles ltnd mcltrr vltlrrc's uclc calculltctl li)rcaclt group.

Dttlinr \\cck 8 ol thr-- stuth. clogs lere euthlnired hr intrarcnorrs lldrlliiristlation ot sotliunr thiopentrl
sitltttitltt. Innledillcl\ alter cuthanlsia. trotl: radii r.r'crc rcnrorcd. elcanecl ot soli tissrrc. u rappc'il in strlinc
soak!-d tampon and sLtbjectc-,:i 10 nrechlrtical lesting. Thc rncchanicll profcrlies q'crc nreasurecl bv a rnanual
custoln-lrlrldc threc-point benilint rtachinc t RezrLzrrdch cr a/.. Llnlia [-rnir clsitr. I lan t. The Yorrl{ s rlpdtrlus
of claslicit\'. ultimltc \trcnqlh. litilure- loacl. rnd rnarinrum bending ntonlcrlt uerc delcrnrilcd. I)ltl derire-tl
lron nrcchlnical tcsting rrclc cxprcsscd as the lncrn (t SD) li)r each group.

Statistical Methods
The results ol lamencss scoting $cre \tatisticilllv cValLrlted using KrLlskal-Wlllis test. Dif.furcnecs rn

tractionll changcs in rlechartical prop!-rties bet$ccn exlcrinrenlal anrl conlnrl -groups \\'crc anlrltzctl irith
att Ltnpaired StLrdent s I tc\1. L)it'tcrenccs $!-rc considercd sir-lnilicunt il p<t).()5 (Sigrnlstat fir WinLftrus.
version 1.0.1. Jandcl Corporation. San Ralcl. CA).

Results
All dogs rvcre recol'ereci frctlt sur-uerv u,ithout cornplication. All doss hatl sonre degree sf incisienll

srvcJling. lhich resolvecl in I leu davs. All doss rcnraincd health,, throughoLrt the stud\. N{runetic rraps
u'ere rvell tolerated antl no sores \\'ere obscrrcd due to lirtrb rlnrppin-l1.

IlcsLrlts of firrclinbs larncness scoring alc prcsL.nte(l in tuble L I)o-us crposc'cl ro HSN,IF hatl u r;ern
lanlcnc\\ scorc of 1.17. \hercls do-us in corl{rol and l\lSNll; uroups hatl ll Dteun score of 0.77 and 0.86.
rcspccti\el\'. \l!-iin of larllcncss \corc \\ ils signilicuntlt inrprrtrcd in HSNIF dors as contplrrcd uith eithet
NlSNIF or control sroups.

\'techrrricll Propcrtics rneasurcd lirl thc thrc-e !rolrlls lrc shown in tlblc 2. Si.rniliclutt clillcrcDccs in thc
crlttllttlecl nlcchltnicltl PropL'rtic: \\ cr!' li)un(l b('1\\ ccll p!-rcent of ticclclsecl r'llrrc's of HSN4I- nncl eithcr.
\'lS\11- orcorltfol dogs. Strtisticlllr. thc pcrccnt ofrc-duction in i.rionrcchanicrl ralLre'sol tJSl\,lF groul) \\1\
signilicantlY lc'ss thln hoth olhcl group\. ulrich Iercllcrl thlrt flidiltl o\teot{)nr\ silc: ucre \titttr ln thc
lirrrcr lroLrp.
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I)iscussion
In tllc p|t'scnt \ltld) \\c \h()\\('d tlllLt in rlol:. thc \1il1ie nrlsnclie lic]tl asroeiutcrl \\ith upllli(.ati(Jn ot thr

l51)(){aLlssetls1tlnltrrittlcut.lt1t:lilrtrrceks.l)l'()1]]()tc(lh()1]chcitlitlgill(]\1c()l()|l1ilc(lr'lrtlii'ltis
irilh lhc rcsLrlts ttl Brrtct c/ rt1.. Dulr'nrltlilrl r,/ ri1. artl \un r,t rrl. in uhich S\lljin(.reli\rd lllc frila ol b1)nc
rc1-litit ltntl tleri lliinc rlcl-lo:itiort. lttti-l ptcrcnlc'rl rlccle'lrse. in Iortc ltipelal rlelsitr.'

'I-lle- irbilitr t(l \\ith\litn(l lr)lld\ i\ tlla nr()\l inrl)ortlnl lcirlLrrc (rl ll hL'rtlin-! bortt' \ilur. s nrirrirrlrrs ot
t'laslieitr ir ti nlcilsLrrc Lrl thc stillDcss (]1 lr rrirlcriill. linrl thc hi{ltt't i1s raluc the \tiller thc Ira1er.ill.'Tlre
:1i1lnt'ss irl a nlrlelial i: rclrrtcrl lLr il: eontIir:itiLrl. ln 1lti, stLrdr.:lifllc:s ol bririitin-s ti\\uc\ in neuln!
stabilizcil libirrl ii:lcotonrie. ilcreasccl ()\crtlttt \\ !'r'L e\|eriln!'lltlrl pcr.iixl il th!, HSNIF (l()s\ lt\ rontIitre i.l

it ith thc \lS\1F anrl colllrl tlo-u:. ri ltieh e()r't'\l)()n(l\ l(J llla t] pc ol rirrtrc irr thc o\tc(rlolt\ -ralt. I)clccts rrre
tllitilLllr hritl-rctl \\i1ll Lrn(lilicranlirrte(l eorlrl.cli\c ti:sLrc rlLrriu,r tlrc lir\l I \\eck\..\\ ItclLlirrg ltlogres.c:.
stilllless itlttca:es ll\ tltt.()ntl)()\i1i(tn irl l-rlitllinS lisrrrc: e]tirnLe: lrrrnt Ir.c111t111j1ix11tl\ un(lillcrCnttit|--(l
c()rlr)c(ll\e ll\\Llc l() cllrllllL-!a.lll!l lllintrilli,/ad (xrlililsc irn(l e\L'nlUltll\ lo l)rJna.' fhL'lualrrt 0l \irLrn-r',
tttotlttlttsol lhc o:te()l(rlll\ \ilc in this slLrrlr \\ir\ nr\Jra thil|t.l linlc\ !rciLlcI iI IlS\llrdorslhltn in \lS\lFrrnd
e()nl11)l (lo,J\. \u,rLc\1in-s 1]t.tt hclrlirrt ()l ()\lco1\)ln\ \it!'\ \\lL\ ntrtrc lrrltlrIeerl iI HS\lF d0ls. flti,Lrltirn.rtc
slfcn.!ll]itllltt]ttr.ctlllibtltlci:telalttlltllrtlttcsizelttlrI|rtltlc
o\leotoir\ \llc ln thi\ \lLrd\ \\lL\ nt(rr!'lhirn 6lillla\ !tclllaf in IIS\lFdors thlLn il \lS\lF itn(l c()lltt()t uo!\.
ffllcetitl! lattct,.ltlltts sizc lrld ltolc lrtlrlrrrctrl lninr'tirli,/illion ol tltc elrllrr:.

Thc rllo'1 plrtLr:ible tlttehrttti:ttt lor S\lF ir thc r'rrllrnceil lrlL,orl llori l() 1ll.:i1r Lrl srrr-stl.r. irhielt i,
lt()olln-! ()\\-!cn trntl nLrlrierrls litctclr\ \pca(linL tltc rrrcrall helrling ltrocc::. Il llrs llL.err \LlLlla\1c(l lhlll
\l'Llle lllillncli( lieltls hlrrc.t \litttlllrl()r\ cll!'ft () |cLiofirl frlrriitl llirrr 1o tltc e r.1r'inilit's iIt(l ltlilt th1\
cI1l,]l||lec\]]|'ll|ill!(lltllttsert]trskr'|t't.t|ltlLtt':K.,].|,rk'i.'/'|e|r'l]1ctllll|l.t\lllli!.I]]il..l]cl|c
incr ,.'lrserl bl0rrtl l lLrir

lt]ltlrrtIlLl,rltrltllcsst'l:tlltli|lr1clrnt|htillgitsI.ciLler\()lL]|ll!'()lll]rlrlr.|l.]tt..i1()ll)cill.l|l.(littclt'T]tistlttlllll
htint i r.rttrIlrl ltcalcIs lrrtcl t() Ir'l]]()\c thc 1()\ie hrltr,ttliret. ol i r I I I . I r I I r I I I r I i t I I I . bratlr Li i,|,. rrnrl
l)11)st.LS lllrl(lir\.

It llit' bien (lclll(rll\llrtia(l llrrl tttit!rtclic li,lLl irr.r'clscLl lhc IrlrrLIrri.IirrrI ol collit.Lcn il Illf ir rrl/r !r{r!\n

!tll1Lll.\(l1e|llltltlt.rlerlc..L|ltlillli!.|lli|f
ltt()lt()|lr()\l)hit1c i\\lf') Tlle incrclsctl li)fntilli()n (jl ntillti!ciLl !(jlil)r)l.lL\ t1l.l\ c\l)t.l1ll lc .ri-.!.rlfrtt!,rl
liaetLttC ltelLlill |li1( \\ltrn \Uhleftarl tl) ntit!|flia liclLl.'lltr::t,tt r/,il sIL-'.111111i.,1 lllitt ItiMtctic itilLl r]lrr
Ielturh iIrrl,/( )r nl()dil\ tltc
.t,.ir' .r .rrl rrt. lt .\', I. ... |.|..... ,r 1..1r, j.,..,, .',..,.

'I llt tt:c ,ll lllil!lltli. tiL lrl. itt lriteltttc lr.'rrlirrL irerelr'e. lhc lrtllrt ie rr. e {rl !itlelLln r()l\ tr) lltc l-rlLrLrrl r-lrrt
lrrrtllctl itl L]le \il! ()l tltc irriltk I hr' lllrrn. l()f thc l)r'rIr'r IrrlrrrrLIiorI ()l lhc flrllu\ lltirr is nert,,,.rr.r r,rr
llilctufc l() irr'lrl Ir''rIgt-11

l.]lt''rt...ee:r\)l]llll!|l!'ll|le|.Ll)\()|]l-..'tl..|l.'ll|irl!i:it].rllrttlillLrt,.']-
r,l eltleiLrtt rtrn. lrrLl rrsLrrrlrltr.ls 1Lr ltiIl l,rrrkrn lr,rrtt' ilt lf.. llti t IIc U\Ltitt nl|(,
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