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C!X\ v.:o 

The Commissioner of Patents 
and Trademarks 

Has recei~·ed an applicationfor a patent 
for a new and useful invention. The title 
and description o f tlze invention are cn­
closed. The requirements of law !za~·e 

been complied witlz, and it lzas been de­
termined that a patent on the invention 
shall be granted under the law. 

Therefore, this 

United States Patent 

Grmzts to the person or persons having 
title to tlzis patent the rig!zt to exclude 
othersfrom making, using or sel!ing the 
invention tlzroughout the Uniteà States 
of America for the term of serentcen 
years from the date of this pate~il. sub­
ject to the payment o f mainíenance fces 
as provided by law. 

~~ 
Aaing Commissioner of Fatcnts and Trademarks 



NOTICE 
!f the application for this patent was jilcd on or afta December 12, 1980, maintcnanc-c fees 
are dr;e three years and six months, seven ycars and six mont/u;, and eleven ycars and six 
ntonths afier the date of tltis granr. ar witldn a grace period of six months thercafter upon 
paymcnt of a surcharge as prm·idcd by law. 771C amount, number, and timing of the 
mainterJance fees required may bc changed by law ar regu/ation. 
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(57) ADSTRACT 

An appualus and mclhod for healing bonc fraclures. 
pseudoarlhroses and lhe like with thc U$C o f ultr a~ound. 
An ultrasound transducer, in contact with lhe s l: in of 
lhe p:llicnl, transmits ullrasC'I:tnd pulses 10 tl1e si te of thc 
bonc d efect. The nominal frequency or thc ultra<ound is 
1.5 Mlh., the widlh orcach pulse varies bclween lO and 
2,CXXJ microseconds, and the pul~e rcpetition rale vnrics 
b::tween 100 and I ,OCO 117:. Thc pov.·cr levei of the 
ultr~sound is mainlained bclow 100 milliwnt!s per 
square centimeter. Treatrnents which la~t no m o re than 
aboul 20 rninules per day have bcen found to hc:al de­
fects in a wide variety or cases in less lhan two m onths. 

4 Claims, 2 Drawing Figures 
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MEfiiOD FOR HEAUNG BONE FRACfURFS 
WITJI ULTRASOUND 

cuitry for cnergizing thc transduccr consists of conven­
tional circuits, such as a raclio frcqucncy or.cillator and 
a pulse gcncrator to be dcscril:>cd bclow. 

DACKGROUND OF TIIE INVENTION 

Thi~ invcntion relates to the healing of bone frac­
ture~. non-unions and pscudoarthroses, and more partic­
ularly to thc hc.-aling thcreof by the application of ultra­
sound. 

After many ycars of invcstigation, I have discovc:rcd 
S that for thc most effectivc treatment ccrt:~in operating 

charactcristics must be maintaincd. Thc frequcncy of 
the ultra~ound encrgy should be in the ranpc 1.3-2 
MHz. The cnergy should bc applic:d in bursts; the width 

In thc past 25 ycars or so, many rcsearchers have 10 

invcstigatcd tcchniqucs for promoting lhe healing of 
bonc dcfccts in both human bcings and animais. For 
e:Kamplc, the applic:ttion of dircct current, in the ordcr 
of 20 rnicroampcrcs, at the si te of a fracturc is known to 
promote bonc growth and thus hcaling. The cathode is I~ 
usually applicd at the site of thc dcfcct; the anodc: is 
placed somcwhcre in the adjaccnt tissue or on the skin 
of lhe patient. Whilc: such arrangements are totally or 
p:trtially invasivc:, non-invasivc tcchniques are also in 
use; an e:Ktc:rnally gcneratc:d elcctromagnetic ficld is 20 
caused to pass through the fracturc: site, thus inducing a 
current which promotcs healing. 

The first approach suffers from thc disadvantagc of 
being ~~ least partially invasive, while the sc:cond suffcrs 
frorn the disadvantage of rcquiring precise alignmcnt of 2S 
coils rc:lative to the arca to be treated as wc:ll as cor.st:mt 
attcr.tion of medicai personnel. Anothcr disadvantage 
of the electromagnetic technique is that trcatrnent is 
requircd for 12-16 hours per day. Furthcrmorc, many 
months are usually requircd to achieve healing whcn 30 
us:ng any of t!1c prior art mcthods. 

SUMMARY OF TIIE INVENTION 

It is a gcncr:;l object of my invention to provide an 
improved apparatus and mcthod for the treatment of 3S 
non-unions, pscudoarthroscs and other bone defects. 

Bricny, in accordance with the principies of my in­
vention, I utilize ultrasound energy to promote bone 
healing. n.e totally n on-invasive technique of my in­
vention involvcs placing an applicator on the skin of thc <10 
patient, with an ultrasound transducer dirc-::ting sound. 
wavcs to the bone defcct to be healed. The invention is 
ba~cd upon the fac t that bone is piezoclectric in nature. 
Jnstcnd of inducing a current which promoles bone 
growth \~o·ith an externai electromagnctic ficld, or gen- <1.5 
crating such a current directly. lhe m::chanical eneq;y 
of the uhrasound is convertcd tCl an clcctric currcnl in 
thc bo ne which lhcn promotcs hcaling. 

Typical dircct em rcnt bonc growth stimulators, 
whether of the partially invasive or totally invasive .50 
typc, apply currcnt · continuously, and at leàst thrce 
rnouths o f trcatmr. nt ar e usually requircd. Elcdromag­
nctic trcatmcnt5 are usually 12-16 hours per day. ànd 
thr: total treatmcnt time is usually longcr. Tteatmcnt 
with ultrasouud. in accordance with the principies of SS 
my invcntion, rcquir.:5 the application of ultrasound for 
~pproxirnatcly only 15-20 minute~ per day, usually for 
lcs5 than 2 months. Not only is thc bone dcfect hcalcd 
much fa~ter, but th c ultraso und mu~t he applied for o nly 
a very small part of cach day. One of the 3dvantagcs of 60 
the prcfcrred apparatu~ is that it utilizes convcntional 
tcchno logy. The transduccr it~clf i~ of thc same type 
u~cd in convcnti~n:.l ultrasound diagnostic cquipment. 
The tr:.nsduccr is contained a! the end of an applic:110r 
whicJ. i:. applicd to the ~kin o f the ri:llit•nt . dircctly ove.r f-5 
the frac ture sitc, with the u~e of a coupling gcl (for 
cxamplc. of the ~ame typc$ of coupling gcls used in 
ultr:!~nund clinpnostic :.pplic:~tinns) . The elcctrouic cir-

of e.ach cncrgy burst should be in lhe range 10-2,000 
microsc:conds. and the burst or pulse rcpctition fre­
quency ~hould be in the range 100-1,000 llz. E..ach da ily 
trcatment should h:tve a cluration in the range 1-55 
minutes, although the prcfcrrcd r:~nge is I 0-20 rnintlles. 
lt is also important that thc ultrasound power bc kcpt 
bclow a safety threshold so that the bonc and ad,iacent 
tissue are not damagcd. In this regard, it is a power 
dc:nsity that is important, rather lhan an absolutc total 
power levei. (The total po"-·cr, of course, is cqual to the 
arca of the lransducer multiplic:d by thc powcr per unit 
area; in the illustrative embodimcnt of the invcnt ion, the 
transducer h a circular disc whose outcr diamctcr is 1 
inch.) 

The particular treatmc:nt in e<~ch case depcnds upon 
thc type of dcfect to be hcalcd. In thc case of reccnt 
fracturcs, I employ ultrasound pulses which are I O mi­
croscconds in duration and which occur at a rcpêtition 
frcqucncy of 500Hz; a treatmcnt of lO minutcs per day 
for a total of 30 days is oftc:n sumcient. Jn th.: ca~: of a 
delayed hcaling. the daily and total times shol!ld be 
about the samc, althous,h thc: pulse "-'idth should l:>e 
incre.ascd to 50 microscconds and the pu!~c H:p cti t ion 
frequency should bc incrcascd to 1,000 Ih. A h yper­
trophic pseudoarthrosis requircs a slightl y !angcr daily 
treatment of 15 minutes and an cvcn g reater pulse width 
of 200 micro~cconds, although still using a J.OO().Hz 
pulse rcpetition frequency. In the case o f an at r nphic 
pscudoarthrosis, I hav e found that the most c:;Tic;acious 
daily lrcatment consists of the application for 5 minutes 
of 200·microsecond pulses ata l,OOO·H7 repctiti o n fre-
quency, followed by 15 minutes of the application of 
2,000-microsccond pulses at a rcpetition frequt:ncy of 
100 Hz; in such a case. the total trcatment usually r e ­
quirc:s about 45 days. 

An important bencfit of the use of my invcn tion is 
that pain expcrienced by thc paticnt is u;ually 1 clicvcd 
afte r only one wcck of daily st imula tions. l t should al<:o 
be apprcci:.tccl that my invcntion h~s applicatifJJI cvcn i f 
a cast is utilized; ali that is necessary is to rnal.c a win-
dow in the cast directly abovc the fra c ture ~ite. Thc 
application of lJitrasour.d is cffec tivc cve n wh~r<· a me· 
tallic implanl for internai fixation has bccn u~nl, pro­
vidcd that the metallic surfacc dc>cs not ol:>strnct thc 
path of the ultra,ound. The Ín'-cntio n is al'o applicablc 
in cases whcre infcctions have dcvcloped. 

Furthcr objects, fcatures and advau:agcs of my invcn­
tion will bccnmc apparcnt upon considcration C'f thc 
following dctailcd dcscription in conjunction with thc 
dra w iug, in which: 

RRIEF DESCRIPT10N OF T H E DRA \\'11\.' GS 

FIG. l is :m clectrical schcmatic o f thc illu ;;t1 ative 
cmbodimcnt of my invention; and 

FIG. 2 dcpicts the ultrasound app licator 
c.-ncrgi7Cd by the circuitry o f FIG. 1. 

SYSNO 01 4- ~/~ S I 
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DETAILED DESCRIP110N OF THE 
lNVENTION 

Thc circuitry or t'JG. 1 eonsists of stnndard elc:c· 
tronio:: blocks, thc dctails o f none o f \Vhich are important 
for an undt-r!>l:mding of th~ present invcntiou. The RF 
o<>cillator JO gcneratcs a signal who~e frcquency is in 
lhe 1.3-2 MHz: r:Jngc. Pott:ntiometer 14 :;yrnLolizcs tht! 
manner in which thc frcqucncy can bc varicd within thc 
two c:xtrcme tirnits. (Throughout the drawing. potenti· 
omctcrs are used to symbolize manual contrais of vari­
ablc parameters. In actual practícC, thumb\vheel 
switchcs or key inputs m.ay be cmployed, as is known in 
lhe art.) 

Puise gcncrator 12 has two variablc inputs. PotenlÍ· 
ornctcr 16 contrais thc rcpctition rale of thc pulses gen­
erated by the dcvice, and potcntiometers 18 determines 
the width of each pulse. As described above, the pulse 
wiclths vary between 10 anel 2,00..) rnicroscc.:onds. and 
the pulse repetition frequency varies bctwecn 100 and 
1,000 117.. 

cont~cl elcm::nt fl8 hcars agninst tr::~nc;duccr fW. The 
contacl is bi.:l'>Cd against thc ltanc;duc~r by !-pring 66. 

The transduccr clcment 1tsc:lf is ma de o f convcntional 
fJÍCloclcctric m~tcrial such ns PZT-4 (althour.h thc use 

S of niobium in:c;te:ld of zirconium in thc material compo· 
sition is prcferr!d). The uppcr face of tran!-cil:ccr ele· 
mcnt SQ is sil· ... ercrl for m:.tking rlectrical cont:lct with 
contacl elcmcilt 88. The outer rim of rhe bonorn f;~cc is 
similarly silvercd for making cent~ct with stainles::; !-teci 

lO elcment 82, the b.tter being securcd to hou5ing 70 and 
serving to loc<'tc the transducer. 

The thickne$s or thc transducer material should be 
eq\Ja} (O One haJf Of lhe '\\'3VC1cnr;th Of lhe frcqucncy ai 
which it vibrate:s. Although the RF sign'll can vary 

15 bctwcen 1.3 and 2 MHz, thc nomin:'l.l frequency is 1.5 
MHz and the transduccr clcmcnl 80 should bve a 
thickness equal to one half of lhe corresponding wave· 
length. Also, as is well l.nown in the ultra<;ound diag­
nostic .art, lo ma;o:imi7.~ lhe courling efTicicncy thc rront 

20 face cf the tranc;ducer elerr.ent $hould be sccured to a 
layer of araldite 84 -..vhose thicknc~5 should be equal to 
one quaner of the wavelength. The output of the osci1!ator and the outpul of the 

pulse gencrator are both coupled te driver 20. This 
dcvicc simply modulatcs lhe oscillator output with an 
envelope \vhich is lhe waveform of the pulse gencrator 
sigrwl. Th~ drivcr outptH is tlws a sine wave, having a 
freqncnry in thc range 1.3-2 Ml-17., whencvcr the pulse 
gencrator gC"ncr:<te5 a pulse. Driver 20 also a.mplilies lhe 
resultir.g ~ign::d so that t-he total power delivered to the 
applic-ator of FIG. 2 results in an ultra'\ound power 30 
kvcl which h:1s a maximum intcnsity of 100 milliwatts 
per squarc centimeter. Preferably, the powu output 
should bc near this levd. 

Prior to treatment, the region to which lhe applicator 

25 
isto rn.:1ke contacl should be ~hz.vcd, anda cCll:pling gcl 
S~lould be :tpplied. The varin'l~ potcntiom!"lcr~ (or 
switches, etc.) are lhen set, and thc arplicator is htld in 
place ,,.·ith rr.aximum skin contact until the tre:1tment is 
over. 

Allhough the invention has heen de.-.crihed with ref-
crence to a particular embodiment. it is to b: under­
stood that this emhodiment is me-rcly i!luslrative of lhe 
applicr~tion o f the principie-; ofthc invcntinn. Numcrous 
mcdilic<Hions may be madc thcrcin and othcr arrange-Timer 30 i-; set by potentiometer 32 to control lhe 

duratiou of thc applicalion o f the RF signal lo RF cable 
.W. Typic:altreatment times are l-55 minutes, although 
treatments in the arder of 10-20 minutes are the more 
\lsual. During the lrcatmcnt ti:ne, the output of driver 
:w is exlcnded through switch 34 to c~ble 4G. AI the end 
o f the lrcatmcnt time, whcn the timer times out, switch 
34 O<' longer e:ttcnds the RF signal to cable 40, and 
instead energiz.es alarm 36. The alarm simply notilics 
the operator that the treatrnent is over. 

Cable 40 is cxtended to lhe applicator of FJG. 2, lhe 
cablc bcing conncctcd to st:mdard RF plug 50. 111e plug 
is parto f cJt.:rncnt 56 which lits ir1 the end o f plastic tube 
S2. Thc plastic tube $crvcs as a grip for thc oper~tor. 

The oiher cnd of the plastic tube is connectcd in any 
convcntional manncr to brass housing 70. Shielded 
cabe! 54 h<!'> its center conductor 60 connected to lhe 

-ccut~r conlact o f plug 50, with shielded wire 58 being 
connccte.:d to groundcd conducting elemenl 56. A t thc 
othcr cnd of the cablc 54. the centcr conductor 60 is 
connccted lo pin 86, ~nd the shieldcd wire is connected 
lo the k<\$S housing. 

Pin 86 is surported by insulating bushing 64 which is 
contained in platc 62. A I the cnd o f thc metallic pin, 

JS m~nts may be devised v..ithout departing from the spiríl 
and scope o f the invention . 

I claim: 
1. A method for healing bone fractmes, pseudo<'lr· 

throses and like dcfccts in a human paticnt comprising 
40 the SICj) ofapplying a pulsed radio frequency ul:r:l"-Ound 

signal to the skin o f a pa<ienl directed to the defect si te, 
said pulsed radio frcqucncy signal h:wing a frequcncy in 
thc range of 1.3-2 MHz. and con:;isting of puhcs g.enel­
ated ata rate in the range 100-l.CXXJ Hz, wi:h each pulse 

45 having a duration in the range 10-2.0YJ microscconds. 
2. A method in :1ccord"nce with claim I wherein lhe 

power intensity of the ultrasound ~igna! is no highc:r 
than 100 milliwatls per square centimcter. 

3. A method in accordance with clairn 2 whcrcin said 
50 pulscd radio frcquency ultrascund signal i'> ::!.pplied 

daily, for at Tcast thirty days. for only a small r::~n of 
e:1ch day. 

4. A method in accordance with cl<'.im 1 '1.\:hcreir. said 
pulsed radio frcqucncy ultra~ound ~if.n.:Jl is ::tppli!·d 

55 claily, for at least thlrty days. for only a sm:tll p:trt of 
e:1ch day. · 
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