WO 2008/ 016603PCT/ US2007/ 017110 Bi pol ar Stinul ati on/ Recordi ng Devi ce
Wth Wdely Spaced El ectrodes [1] This application clains the benefit
of prior cQpReRRLdes U-S. provisional application Serialpcd¥ass2007/017110
60/ 834, 184, filed July 31, 2006. BACKGROUND OF THE I NVENTI ON [ 2]

Bi pol ar stinul ator probes attachable to an electrical stinulator
device or an el ectromyographic (EM5 device are comrercially

avail abl e for surface stimulation of peripheral nerves. Such
apparatus provide both a stinmulation electrode and a reference

el ectrode on a single device. There are al so bi polar bar el ectrode
configurations, and sets of separ ate (individual) electrodes, for

surface' recordi ng ofBSHF: gnﬂ;ﬁé Tedide and t hat
can al so serve to prov% L IyC li‘ﬁ:tl SC aﬁi‘ﬂﬁ&ﬁfgon [3] These
types of devices can be 1‘;83{ dr eliciting
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provi si onal patent application Serial No. 60/715,137, entitled

"1 nt r anus cupalciGikR ovhad TR e Emtiemnng Surface- Applied Localized
Electrical Stimulation,” filed Septenber 9, 2005, and correspondi ng
regul a . S,,. pat ent, | i cation No. /470, 757, fjled t ember

2006, WA Pubian HEGRo | RS, ﬁ&a%ﬁll? 36 o oftegieloak seimgletpy cGgvice' or an
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| tant that the st i th
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i nt er - pr obepatestialy) and dfat Mﬁeﬂeﬂﬁﬁ:r&&ddﬂ@ﬂnbﬂ@nmld sﬁmmdmr ef erence
el ectrodes. This type of bipolar stinulation induces significant

stimul ;lz‘on'l‘f?e%bg)a:{ég%k' 'agw s &éﬂ%%ﬂ]écﬁi?ﬂ SirfaL stﬁﬁﬁaﬁt%h qu%h?ﬁe ac"{yqv %tcl:g:s of

pr oced In a tion, ue t ose roxrm e ahn
ref erence the type sought in a muscle pain and dlscomfort rehewng method developed by the

present inventor, referenced herein as Surface Applied Electrical Twitch Obtaining
Intramuscular Stimulation (SA-ETOIMS™), This methodology is described in 1.S.
provisional patent application Serial No. 60/715,137, entitled “Intramuscular Stimulation
Therapy Using Surface-Applied Localized Electrical Stimulation,” filed September 9,
2005, and corresponding regular U.S. patent application No. 11/470,757, filed September
7, 2006. This technique involves the provision of brief electrical stimulation at multiple
motor end-plate zones (twitch-points) in many muscles. It is important that the
stimulation method be “user friendly,” to both patient and treating clinician. That is, the
stimulation should not cause significant additional discomfort to the patient and the

method should be easy to apply for the clinician.

[04] Commercially available standard bipolar stimulating probes have an inter-probe distance
of 2 cm or less between the active and reference electrodes, This type of bipolar
stimulation induces significant stimulation pain making it undesirable for use in the SA-

ETOIMS™ procedure. In addition, due to the close proximity of the active and reference



WO 2008/ 016603PCTM52007/ 017110 el ectrodes, twi tches that may be
elicited wwth such devices are small and have | ow forces, and

t her ef ore W@ 20@fo1fpPVvi de significant pain relieving ef fﬁﬁ?{?‘szoommlo
Simlarly, as nentioned, surface electrodes that can be used for
recording as well as stimulation purposes are available in the form
of a bar electrode pair. Such devices have an inter-el ectrode

di stance of about 3-4 cm and thus the sane_probl em of inducing
stinulation pain arises if these devices are used to perform

SA- ETO MSTm _ Stinul ation/recording el ectrodes are al so avail abl e as
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el ectrodes gieiHeRISIe! ALY pﬁlgﬁl:le Ei%ﬁlﬂéglﬁ eﬂaﬂ'l {'egﬁ ﬁ‘ave% 1mllgrloca§dr]lilr %i’oned,

since both the active and reference tro
bi - manual f S&HCeelecirones thapican dejyped fer mgrd«@‘ es aredleas Bﬁlﬂel,atlbrhqmrposes are

sl owi ng dowgyaEBlc FACHEDRHNNSF b N McEI R g@T &Cﬁgéig?I i talmelérlltglgege&rode

procedure mpre difficult for the clinici ese

al | evi at ed #istanesmel ahoubAtd o, ansethyg the smmp@hlan of tindneimg stimmlstonl paimsrises
i s explai neg ek Qityide®2de THR A 'Prh S&ﬁ?%lﬂ/fsmass@lg[l%go%ecﬁgdﬁlg F:&«;ctrodes

SA- ETO MSTm usi ng rmno ol ar stinu at| on
pen-1ike to¥F He pMylab %|aﬁgqeeafétee@n¢1t¥dealhwlnﬂredeson Haveever, psepatatec indieidual
used in congieiedded BraMdsh tﬁ’ansﬁﬁélr %Fﬁsé% 848 ﬁﬁ&*"”%ﬁocﬁ &r(f):,(\;l rq(':enﬁ\:/tg

the stimulation electrode int ormo a st
the clinici2ive Fody ﬁfwa@eeleéﬁmdwﬂ/héotl@omqvnd andafmwabéss}ﬂqn tmwmltxple

the el ect rogruiies did fecRAte §;tesrnmtgmn§'&o% iy Bndi 3R fxpgflﬁ %&J t‘fbﬁ&&m

manner. The pain or disconfort relieving therapeutic e
subst ant i al Fgcesdurs ajdbaaking,thameeredre nn@'ptde@cmttfhr therojisidiar. c?@hesm difficelties

are stinul aareqﬂeeateeﬁa ¥ smaaré,oﬁ;eesif .&@néh bIF shAREHohASH 29 is ﬁ)é(?lamed
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[07] To avoid skin irritation fromrepetitive stinulation at one
reference site only, and to avoid having to often nove the single,

separ at e rngbeigae&e! ectrode from place to place, severpgr bR ener

el ectrodes can be placed at different sites on the skin. By rotating
the activation of different reference electrodes, there is better and
more even distribution of the stimulus to different reference sites.
This reduces the nunber of tines any single reference electrode is

subj ected to renoval and rel ocation. However, to activate a reference

el ectrode placed at a different site, the clinician has to detach an

al i gator cFlestredeodns me Firmsplacefer e slinipian ttp obrld sonto r effestivelrh and is also
onto the nexhniefi&i e&cafeieﬁf:ageoﬂ,ea %At&eﬁpﬁehﬁaqnvom&xgeexééa%th:aSEadaﬂ%@ery
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the md or ﬁ%pack region while stinulating calf nuscles or arm

nmuscl es, but this creates a problemfor the clinician if the

refere& e electrode is,at a site not within easy reach. The clinician
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repetitive 4
P since the other hand holds onto the monopolar probe used for treatment. This creates

inconvenience for the clinician since the alligator clip might not attach well when
3



WD 2008/ 016603PCT/ US2007/ 017110 stinulation to one site. Also, if the
clinician forgets to renoveS the reference electrode fromthe back of
t he body webhevsioiead i ng nmuscles on the front of the bod¢rars28h®17110
chest, a trans-thoracic current may be induced and adversely affect
heart rhythm SUMVARY OF THE | NVENTI ON pol Wth the foregoing in mnd,
the present inventor recognized that there is a need for a bipolar
stinul ator probe, wherein the active stinulator el ectrode and the

ref erence el ectrode are provided as part of a single tool, and the

separation between the electrodes is fixable at a set, e.g.,
st andar di zeBoRISHaiRaleRARdadly.- s IE bupanakattachmenyr is aeewireds dhist disruptive to the

el ectrode sgpah@hi.on ihlsk e&waedabﬂa@ kke e quhgl E]E'(iﬁcﬁ'bggseﬁﬂpﬁl%t ab ?];8 }pﬁ&smally

bar el ectrode co l‘jmgurat i ons. genera
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with the bi pgledtinde Beoti sdRA t he
el ectrodes sh ul dﬁgg; ESz;c d farp%agger ?@ggﬁgghsm gﬁbﬁ%ﬁ ?{%&ﬂ%%@&g&tmg

el ect rodes E’b‘ ’;‘?&Ee"&eag]af’%{?e“&baqft thgs f?f@@%‘?ﬁoleéecppé?ﬂnatﬂ)s ¢lpctpodgs can

feet or rmre\)ennb.uy idse NtBYir thefiGerehd HGALANiR! Afeld G&! £af10 S
type of Veréd% a?: nglrpr0\7| d?ad by a bi m% el ectfragdgﬁ?{c{;% Eﬂlé suﬁface

a device mm - ERRA, the, gefgience, glecirege éﬁﬁé\/\mtd stickr ppapady i tleatheusidn, the

Al so, the Uftﬁuﬁibnci(ﬂnédhlﬂ@ aftfa 4fhfle irbleRNYE BleBBodel t%%@%ki@i\ﬁdﬁée%‘éﬁ% thddfinent
reference el ectrode fromtouching the skin surface. For practica

utility, anP®Pectrode spacing of 15-16 cm (6 inches) may be prow ded
between the stinmulating and reference el ectrodes. However, it is

.advant HgbouFot optiavkepain relﬁ)&mm re‘smts mrmwmd |Gk Qﬁﬁ'kdlﬂb td)8earch for as

spaci ng bet e ectro rob t ool be confi gured
e e SR Re Ioro S 1524 prble s Toted Tt 6 e fstsls in

within a gi a/@mer-mgé treatméntas Sﬁmuhhbﬂeﬂbl e eﬂihaﬂ‘éélﬁraﬂdsﬂlemuﬂbbﬂ’ large force
nount ed el e i nc |ng auge
such as a er%ﬁ%ré%g Jlear’ ¥ “§ C%F‘%fgr@“?eo tb‘?d(?}v‘ﬁ zﬁ’@ &t idirtance from
spaci ng bettheetimnlaging \pmbel dftlreaﬁmeme lelecapdy i@plarad eldsbleo ﬂfefsﬁﬁﬁlleﬁf I%probe
nmonopol ar sii e refer wth t
el ectrical st ?Pé ﬁegpfpérl%ﬁll %‘gdstﬁggéﬁphéa‘is ﬁret%néﬂ ﬁEa‘%“F‘@ 86 ?PE%IC]FB“"‘{" 1s
bi pol ar st mimedtai“@m fgine the stimenlating mbm;tergn,ctesasmnmhs;}ad‘aﬂ mpaﬁ:hexhy:sqa |eMc1t
2-4 cmor |8sSouck the inter-e r od I St ance
essential for tr eggﬂﬂqgs‘%"raﬁ%f&%u%tg BJTom dpeply pt Fgléaéed ¥ &engﬁ 13 gpes (t‘WSh
2008/ 0166031°QF$)U82®917¢ otample, BRIrEErepESeR tRIide@in G oftHhe DIBAWNGS back region
while stimulating calf muscles or arm mauscles, but this creates a problem for the clinician
if the reference electrode is at a site not within easy reach. The clinician then has to
temporarily stop the treatment every time he/she has to reach over to the reference
electrode or has to move closer to re-position the remote reference electrode to another

location within reach,

[09] Additional disadvantages of the monopolar stimulation approach (with separate reference
electrode) include the fact that the lengthy separated wires of the stimulating and
reference electrodes tend to get tangled, requiring that the clinician stop the treatment to
untangle the wires, Additionally, there is a difficulty in finding a suitable site for
reference electrode placement on the ventral (front) surface of the body where the skin is

more sensitive to electrical stimulation, especially those associated with repetitive
4



[11] Fig. 1 is a diagrammatic depiction of a bipolar stinulation
probe in accordance with the invention. [12] Fig. lais a
di agr ammatwo 208piéhs on of a variation on the Fig. 1 enb@diuseetoriad h
t he handl e noved to one end of the tool (Vernier caliper-style). [13]
Fig. 2 is a diagrammuatic depiction of a further bipolar enbodi ment
stimulation probe tool. [14] Fig. 3 is a diagranmatic depiction of a
further exenplary probe tool in accordance wth the invention. [15]
Fig. 4 is a diagrammafic depiction of yet another exenplary probe
tool enbodinent. [16] Fig. 5 is a perspective view depicting a
prot ot ype prstslation|to one 860 demde the dlinidire farpate te resrovecthe referrone elegtrode
to the di agrammlick spﬂﬁ%ag%ﬁi%&fﬁ gmﬁa% oh 1fd 564i%e le bidyPor the chest, 2
perspective view of another prototype probe tool 1'n accordance e
t he i nvent i dmans-Eoracéspuraat mgy e indveed andpdyarsalyi affedelprattithyhonf Fig. 3.
DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS

SUMMARY OF THE INVENTION

[10] With the foregoing in mind, the present inventor recognized that there is a need for a
bipolar stimulator probe, wherein the active stimulator electrode and the reference
electrode are provided as part of a single tool, and the separation between the electrodes
is fixable at a set, e.g., standardized, distance which is significantly greater than the
electrode separation of known bipolar stimulator probes and bipolar bar electrode
configurations. As a general principle, to obtain large force twitches and to simulate the
monopolar stimulating condition with the bipolai' tool, the distance between the aciive
and reference electrodes should be spaced far apart as possible. Ideally, the two
electrodes could be spaced as far apart as possible (perhaps by 2-3 feet or more), but it
may not be clinically practical to have this type of very wide spacing provided by a
bipolar electrode tool. Such a device may be too heavy, bulky, and /or awkward for
practical use. Also, the uneven contours of the intervening tissues may prevent the
reference electrode from touching the skin surface. For practical utility, an electrode
spacing of 15-16 cm (6 inches) may be provided between the stimulating and reference
electrodes. However, it is advantageous to have an option for increasing or decreasing
the spacing between the two electrodes. The probe tool may be configured to permit
adjustment of the fixed relative position of the electrodes within a given range, such as by
slideable or otherwise movably mounted electrodes similar to the principle used in a
sliding gauge such as a Vernier caliper. A bipolar probe tool providing a wide spacing
between the two electrodes will approximate the effect of monopolar stimulation with a
separate reference elecirode, with the electrical stimulus producing less pain to the patient
compared to bipolar stimulation where the two electrodes are spaced apart by only 2-4
cm or less. The ability to reduce the inter-electrode distance is essential for treating

small muscles in the face, hands and feet.



0.8] Referring now to the appended drawings, Fig. 1 is a diagrammtic
depiction of a bipolar stinulation probe 1 in accordance with the

i nventi on.wbabstlegssds 1 S preferably about 3-6" or so in Ipgfigisheornies 3

| ead to the two spaced el ectrodes 5, 7 of the probe tool, and connect
to a suitable stinulator/recording device, such as the comrercially
avail able electrical stinulation unit, Mdel DS 7, fromDi gitimner
Limted (Herforthshire, England). As illustrated, electrode 5 may be
the stinmulating el ectrode, and el ectrode 7 nay be the reference

el ectrode. El ectrodes 5, 7 are mpunted on the ends of spaced arns or
prongs 9, 1BRIEFDESRIATIONER THHMBPRANINGSonnecti on cross menber 12,
whi ch may extend between the stimulating prongs 9, 11 at right angles
to the [prjon@g. 158 asdiagyaminiutitidpicion BF 2@l stibnhldHoa R6BPINYack8Man@ with the
| engt h of about .2.5 "(50 m and are spaced from each other to WO
2008/ 016603FEHEFD07/ 017110 provide a separation of distance "A"

bet ween el ectrodes 5 and 7, which is preferably at |east 6" center to
cent er [12nd Fig.tla iam dippemrhatici depirfiiod bfI6Varidios ohrthel 5g.5, erAbBEYRNAE With the
a known typ ' tian i ians, ..the el ectrodes may be
covered by glanv\d/afgﬁlg?’ Eé\{/\/laﬂ%]&%:ogt Sﬁﬁg‘“ﬁ"&ﬁ@f“'l’gﬁa‘%&aeﬁ‘w ter, but it is
preferable to use hypertonic 9-10%saline to facilitate el ectrical
conducti¥n. Fige ist ¢ dinssmmmatic derictieniof adurthérebipeley endbadiiment sgmfilation iobe
di sposabl e {g)t pads manufactured for SA-ETO MS. They can be

pre- packaged al ready pre-soaked or imrersed in hypertonic 9-10%

sal i ne#] fg.ci I i.tatc§ use in treatnenf. For recordi ng purposes, the )
recor df ‘g s G 3J8 3 Uegtammae depirtig gt aufirihes exgmplaysprebe ol it agnesdanes with
known condueieiiwgentiehal | i ¢ surface of suitable type. [19] A trigger
button may be nounted on probe tool 1, to permt a clinician to

' | % Gt be .f ' ' | i ' ., Ih
cui ton T Fe Sy AR R bR LT PG e P e Frapogirnens

patient contact surface of the stinulating electrode or activated by
a pushl¥lit t Big. Snist heersnertive, viow depistisg deprototpedprobe rtoaininoddcontante elith the
Lriggered Diinbifort birmlsbbiding 1o RIBRGIRY. AhACDEiAAALCd via a

y

separate hand butfon that can be trfiggere e pati “or anot her

per son 520 . The. stinul atjng probe should be |ight-weight, preferably
wei ghi Hg! abbigt 92142 gsrspretivgsdew niganothr gmetontse probe teg) pnosccamleace with the

wei ght of  ajnweitionDgorpaBondiByRMAE diaRendBiEddp@tion Wg B, Bor the
connection cross nmenber 12 should be sturdy enough to wthstand

breakage u j j titi [, i Vi ng
signifi can?ﬁﬁ'ggg%‘?lgrgé%g?égggf@ﬁmbgf‘&ﬁ%%l@gﬁr omthe
forceful tw tches. The circunference of the handle or stem 2 of probe
1 is phélerReferringaye tothe ppprended dravings Fiprl isf didggrandimatie tlepiciidn of a bipolar
Wi ting pensinh@btiAR8bOl i95haPd 2 t inNi, Gl an. ndl -
2 preferabl y1 ha.stl a’len Iltlllg%f 3-%@?35%;%9{%%(\%% d%@%lzﬁ%\émg&aPﬁ}bouﬁ'6
el ectrodes Greot Heleagthi abdrenB lerrbtasfhiertwigyspapect electiden dnd afulie perestool, and
Al Ler nat | velhnedinat £agiuble sumbamrkidtaiendle, Lhe EORRH AL B9 N ilable
h ow | 0 be used as

menber 12 may al so _be of a thickness that can all«
a handl e i rfl¢stacal ghimuletion i Modgldil ¥ from Pigitivier himites(fieirfoghshites Begland).

Fig. 2, di B8] ¥¥ro a inFele ! ectro be the
ig | S£4IBRRAaRE] QW aﬁ\lbss,? y%@%éqﬁﬂﬁﬁlghﬁgié‘l ﬁgodﬁ,a %Q(ﬂea %% &;“@%ﬂ% th

of the connection cross nenber 12, simlar to t e i er
cal i per. THF&Ignse elertiads. Jelseirqdes ) P are mouniprbprethe enfieof spetedmmsar prongs 9,

reposi ti oned, haamke i@each! btk Soriest @ orodsHBe R4 WIRY: RSy btbh®HetiRen
at an obt ustﬁ angle relative to the connection 7

e stimulating prongs 9, 11 at right angles to the prongs, as shown in Fig. 1. Prongs 9,

11 preferably have a length of about 2.5 ” (50 mm) and are spaced from each other to
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WD 2008/ 016603PCT/ US2007/ 017110 cross menber 12 (as commonly seen in
the handle of a frying pan or sauce pan), such that the handle wll,

in use, awyotodsaédas ng the patient's skin and nuscl e tigSuS20028¢0 1@
handl e is shown in dotted lines in Fig. la (labeled 2"). The handle
shoul d be of a girth confortable for gripping for |ong periods of

time. The control for changing the inter-electrode distance can be
suitably placed on the handle for thunb mani pul ati on. The control may
be a wheel or button that can also lock-in the chosen inter-electrode
di stance. Both el ectrode surfaces in contact with the patient wll
preferably lpeodGis sstparation effdigencen’th’hbatercen elicetrmies S @id 7, -vehichris fraftfably at
Fig. 2 is a Ce rt.he o] be

tool 13, V\helgdesﬁgigt?:ﬁme@é{oacg Eﬁfdtro " erlll lp f%‘??@c?%g‘g ?dsesgrg\??aaetlf‘)fa
in the formkopwahyner d‘l«vedvimghnon amlrcasdmpﬂm ewnlroddh,may bdcdveeedadntd wed of wet

ST G o BT SR ot e

the first elfmldfﬁmctﬂ%ﬂ]p@rkduatloracﬁhtsstmlahmiwtwdemmthe(mouﬁetainm&ﬂorm of

Stemlike h L&
arched/ sem %F%nar %Sﬁ&éj ggar m ﬁg%dn g use as "t eyhaaﬁ‘al?eepr\ﬁnplaﬁka§ed already
girth conf oPreagnaked or Ipmetser gedygediqié Ag 0% satinean fhcilitdtausoin @esmentm For

iron. [22] .oWi6, t Is ref.er

el ect r odes naf/)wr%o%li e gg%/e t%le‘g%gilnlg Q’?%é%ﬁ%%{ oﬁﬂgﬁe%&% Eé‘ﬁ?ﬁsa%%el or
si mul t aneoughgtherdingpincondugiiysimetaltic ﬂig'fatc:hefsmtabtdtaptt ng el ectrode in
treating these areas can overcone this difficulty. Al so, fashioning

the copmmgct o tr%'g&cﬁltﬁﬁt MER Be thSurRGL b BroBB dodi af &6 E%ﬁt & lcﬁﬁf(:fagqg%o&pﬁnt?&ﬂy

in the shape an arc or sem-lunar Shape, as shown In Fi
help with tﬁF%VaFes'?aé)mWOf stimnlagiop applicationse r Thenevitchris praferably fovabiseensitive,

Al so, the p&&h&teﬂl’ﬁﬁﬁ aCﬂﬁéﬁr@Sn rfﬁ@‘@)afi&& %hécpﬁur?‘ﬁ@dtﬁ’b&@ élﬁmrl)aﬁfn@ dledtRRe or

probe ends to.re touch the skin surface. This conce
Dol ar to BRIV, U A o Le PP o FEade 06 erripr SRREE cofrobbiggered

bent to s upbjr Yhe! diiicipi. | B padg Infayf Qo By tivBlieATid 8 GeraPits BELd aﬁwﬁ%atcﬁan be
fobe device arns and handl &€ shoul d be nmad

| ight for adi n The

of, or shi e eg}’y "E?B%ﬁnﬁmb?m&‘ﬁ@fmf"hsul ative material to

electrical l y isolate the stinulation and reference el ectrodes and
prevenif20h sHbe stunﬁlatm@ peitechouldds light-elefglitr prefekabilyrpieighre ms RA0oi 6r less,

the clinici [016603PCT/ U /01711
di agr ammat i % dgpl ¢ gQﬁe TP fT ‘é'elgétxgr ??{)g(%‘%”ﬁeevﬁ? ﬂl?)in&ﬁé‘gl‘"‘d’ﬁ?d for
15, wherei nﬂierr@ne&pawd:redsemembeielzmhmﬂd bg s&trd;u ehw@ toswhlistatiddedaltage upon

refer ence e aby SITENRL% ned} (B and tecd Mol MR e 4R1aHE SPfFes plgme he
arms or pr oditpchedeprgngs fbtrhthe fomefal It\em@'tebt oTheOcﬂundErehessf thahelndld or stem 2

i nter-elect ' t as_a.

nandi o 2, a2 §e0¢ REFpRexiy 380 B orl fhe RRAR L TR B R0 of ERelne pen, or
portion of q&asatofmaaspl@d Rhnfort iﬂpdh@bllmalanellémdl@aqam&rmby tas diltmdhh &f 3-6
for recordipgnqr d fac

Probe ool HepaoRubPL bR P aRRRaR it b AberBi oEHE MY JRER o gpne
rapi d sear cRO¥gTEENtS c Allemgtively] msigad b pctem-ike bandle.t the cpmquaori orass ng:mber
SA- ETO M5 t heraby ioF al of el so '
t he bar el ect rogelsg-r,i;glt()%laﬁtﬁ Ig%k%r E%\}mbgﬁa]ﬁ#ggtet?mhﬁp u?" boﬁ?ﬁﬁl ffalstﬁon
contact wi tyPHmRenly i pseswith sieemdvpas (Sﬁeﬁ'lga@r‘élacuwmy) [2349, tEe lgandme ingy be
a di agr anunghiea AeR: ehd f I a Lnen

tool 17, vmr%rel n the spg]gg{} co}ig%:mr%ggg&ﬁo%ntl ng b % E{uree?%n‘%lreggfé\zedmer
in the forrfabpera Pas is Blusartad in FigHrcwhersinbe gfeOltl'msfamepmmnmmBﬂlaade 2. In
angl e. Si mdyak atRsibhempn I eference..

el ectrodes 5, 7 ma Sltg ’gtggnrgﬁzri\?gg %g@?ﬁ&&@ﬁ? B 5@%?%16 ?el?t”\% to W EARton
i nter-el ectrode spaC|ng of about 6" hi s enbodinent also has a




[ 25] SA-ETO MSTm rel at ed advant ages potentially realizable a

wi de-spaced bi pol ar probe tool in accordance with the invention are
descri bed Wel-0/01§6d9] The bi pol ar probe tool allows SA-pgchi@sMelmriio
treatment to be perfornmed faster since binmanual work is not required

of the clinician as with the nonopol ar stimulation nmethod that

requires noving the stinulating electrode, in addition to the

separate tine and attention required to nove the reference probe

during the treatnent procedure. [27] The paired novenent of the
reference el ectrode together with the active stinulating probe

prevents an§ro5haesnles 13\[@? CORMERLL $een ik flze kandle ofs fiyingnpl acsuice bamyrsuch
prol onged exae s N dsd wituligat,d g . | §6 i he
patient. WO 2008/%1%%}5&@}}1 5%%6’%?? 8}1%@%%%%%%’8 BPphuh o402, such a
linmted adj G3tdefseshevayinroted dingpimFighta ge Do rThertsintlecshoulidreaofoe girth
el ectrodes gbhfMeb r e B ALER f .

t he nmuscle treat edg;ﬁ)é gt?%g{ngk? %@gﬁﬁogggggﬁégegh%]gz’t 0e1 one s« tg‘ed?ter'
i nterest. THRicstreds digtanee rappbesuitably plaged omibe hendle fpotiwiihl manipulation. The
treating | aggfrdlues RS t hQue ' The st nmul us

can al so be_i sol at ed tO‘Q%er%??@tgno@%%rﬁBES&%’ME%E%%&E% e?r%cltrtrﬁ%e §1r?'é?‘“°e‘
ref erence ePeBy§ierdode surfaqss imenpiast vaddhapstientwilpprefesably hg cizerdhr in shape and
pur poses. Thivw SdibstRpbf bl el i mnates the possibility of accidental

pl acement of the reference el ectrode on the back of the body while
treati pm cl gs an.the frgnt of .the_ body, and the attendant risk of

i nduci WG t r aifs 2 18 Ailiseiammagip depistion R e Ticmbofiasnd. RPb$ t9eb 4P wherein the
rhythm [ 29§padéd klectredd npahtitg Rtridirel Boprovidb@if tAE Tokn® W Yanb&c W semi-lunar
cabl e Ieadi&g Lo th%stetgl f the atnﬁOIf rraltjrﬂgg ‘%ﬁhe tool nore user
friendly by avor ding t FEFEeECHE A BeLdisa Fisrtodbsrd BRvERdPRdhe ends, e.g.,
separ a]t e rewih enq:gcmgdzjﬂst ofaboat Gr. eﬁm@&meg(ﬁfi;enf(lj' His6 haeg QiHdSdIeNE as in the first
ent angl enen WL I es ri treat nent. an eads to hetter

i 11 2at | onBRHERS Rt 4Rk S 3 hLbon BRem e ton Tadindied may be
prot ot ype pomited, i whichrcatothehodeddemi-time shapeliags. 145ca6k Bsddts the handle

provi de SA-E: reatnents. Wwth a fixed interelectrode distance of
15-16 cm orggﬁja%% ?%’S#cf a@ﬁgore‘?rggofi%%@l%%ﬁ:isﬁ’b&af& ﬁ@tg FIPENERD t o
allow | arge force twitches to be elicited. The treatnents with such a
pr obe (23] f 438 apevempbedyerepiansethe dimblation areldieferbmsselpatiods magt ndthte able to
reference siigy GAMALS Gohdh TROIRAI | O AL QR sHS | R SLALI S

ref erence elafe%{rpde Elpagengnt. \ t%hgg%e!t% nugs)%hsys', %g'ﬂel% KsPeiloning  the
but t ocks ofSUgvating gleetrpdn i nireating nthessr dan ¢ans basrcersy i -slifipalei. ngAlso,
may not be faiddig B cdife@bl fieEe baW3En Y Sfivk Whli G0 Rncd Qhﬂ%trgcliets"{agblqu the
can be ove[fgome by a slideable or otherw se noveabl'e nmechani sth'?

i ncrease t FE2Rf of ARAEF BfdEnamthaget 3s\showndin Bige2.ewik helpewith dde sstig, by

nore than Gittin@bettap @8 Ak YortBut & LthusclS” Al
ar r angenent a% qt&rreused t,oof aléi i tatug théL Sgbtshl |<gona| %gﬁgf)g{ahbg rg?dﬁolflg‘fable
probe such o Rghdablotoparmitahe prabg cads threathets touetethesskirosirfacan dtisaontdye is

muscl e of isphiddre®t thaPBe tiehfexiBhkedencs £i&atd; ' | &l { Quid
on a different rrusclae. Thi se aldvant ageously g’?%ﬂa?lggg%{o%%ﬁgp guApl}?the

sti nul at i oPPEBRHPREIS AT Pryviding Wgrcomeramount of light fororendide Shaqiroly device

di stance bemneamd hiirld Woull BChEAISS or é’hi@lh@:(ﬁjﬁﬁl 2950 \oF WRIXE (ij;%txla]iibg material to
el ectrodes Iong t he cross-arm 20, to adjust” the electrode spacing,
i s diagr amSiEerEally ysakipithe emplatign spdgeiiensp ¢lairodes sidgpreSentRd eharbb the

joints, al kketrogestoreleetrRabindulied Badsthg to the clinician.



10 WD 2008/ 016603PCT/ US2007/ 017110 bend in order to
reposition/reorient the el ectrodes, are diagrammatically depicted at

21. Al so dgpiedsissoh Fig. 5 is a handl e-nmounted user agidivighadni7iio
push-button 23 that nay be associated with a trigger switch of the
tool, as previously described. (The illustrated slidable novenent,
flexible joints and push-button are optional features not present in

t he prototype probes used by the inventor.) [31] The bipol ar probe

devi ces of the present invention also have utility beyond their

advant ageous use for SA-ETO MSI N stinulation purposes. Such devices

can al $38]be Figs édisfodiagtamgnatet depittitin ofha frrthee duemplaryvaabediment, probe foel 15,
necessary o I A e and.active.el ectrodes to be.

wi del y spacé"gg%%daﬁ%gb %’refdi%plectsh{atﬁ ta |u§h§£§65uecr%ler? F e v‘ldgd (llnegllerféﬂnf’ ian essentially
si mul at e noflepeArd6, tot whigh thel antive endreféroms: dlatroges Sl mty he nwmnted, directly, or

and/ or musc 3 Thi pgeof . can S wused for .
ot 10 R O B S W e
potential s cohuas i o erdjiaags,the first
usi ng an el i Fé\@)] ] : e nquct 1,0
studi es w tﬁﬁ?gdgg?éﬁ?ﬁgﬁ r%tr?& ar geg%g%:ﬁrbg&lfrfﬁfeﬂ%%? 1|r %/% ié%ﬁgéfp%oo eafgle&mde
pl aced over ixmerefpitahle foy neeordingt drestimulation pufposes eree flat @mlevieh @urfaces. Probe

reference elRels S%Fl)ltifﬁ IPG & QYiBlse WRed ﬁﬁ:@gg a?)&eé& g)g ﬁﬁeﬁg %Qa\%ﬁg%@ﬁ%et%n of

or in an electri _inactive region suc

tendon of i ey &see pwisel sides in) parfaaming SAJETORAS rthidrapy. s dignisyduretovihe short
action potephb@l sthd BRonas b ¥e 2pd : q:? d

over the Ii neg%f di _s?rin%ut_lron %? %‘{?g&géeﬁlggﬁ/&%g%\%tﬂ a}gj%ﬁ%g%ol%ggrg lef: %Odes
obt ai n bet t #rcoBiastwith g skinarfasg 9 versontoseasrdvsslespr ocedur es, the probe
el ectrodes that are placed in contact with the patient's skin are

prefer iy Frdeioh ditahmatic Ao bSROAGRKE IREPAr) EmBOBHERE, IA¢he taol 17,
mat erial, such as_those rloflétl nely used in el ectracardi ographi ¢ (EKG

and nerve cBAEETEAPAEH glFcResOpRng WusyEe isiprayidediinghe fom of a pair of arms

di sposabl e y@ivhichl donpage tb Fadm an@bhsehageb| Simitaeeh the predibwdddbddifients, the

pur poses. Thgi[ act%ve(;f and referenge Ieaﬂg of the tool wll preferably

be of a confAt'FBPRTETASECS FEFTASH O T may ke snquntedpathe spd of theasma i aicvith an

of the pre-mmpleldcirede spacinpeofEMoun®C NTKiE embbain®RAeRs hed £ Ghidel e, Rl thd Grst

provi ded by the. reseq_}. imv%_t}ti on | seful, in facilitatinpg t he

search for ¥R Odb e, W ich in this case attaches to the central apex portion of the structure
formed by the angled (converging) arms 19.

[25] SA-ETOIMS™ related advantages potentially realizable a wide-spaced bipolar probe

tool in accordance with the invention are described below,

[26]  The bipolar probe tool allows SA-ETOIMS™ treatment to be performed faster since bi-
manual work is not required of the clinician as with the monopolar stimulation method
that requires moving the stimulating electrode, in addition to the separate time and

attention required to move the reference probe during the treatment procedure.

[27] The paired movement of the reference electrode together with the active stimulating
probe prevents any one site over which the reference has been placed, from prolonged

excessive stimulation and unnecessary discomfort to the patient.
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WO 2008/ 016603PCT/ US2007/ 017110 notor point fromwhich to record for

a given nuscle. This is due to the ease in repositioning the

recor di ng wbdogspi@oence el ectrodes, and the use of a‘hp@ﬂﬁgmmmm7ug

st andardi zed di stance between the two el ectrodes. Wen the spacing
between the active and reference el ectrodes is not held constant
(fixed), the shape and anplitude of the recorded potential changes in
relationship to the distance between these two el ectrodes; this
variability is especially notable with sensory nerve action

potentlals recordings. The bar electrode style probe as shown in

Fi gur e[38l | angtaaﬁmd Pp Himited Gdivistagleodistansss betyeem thersibmilatonend te reference

potential s. cfe3dddestalWivk theleferdile %ﬁ:%ﬂgﬁle fo%tmﬁ%@ %a?net 26a b grﬁgﬁ ?ﬂ; a?ed and

been descrihed in conjunction wth various e nts an
t hereof , t heher Binages ifglogalized itptthe ene miselg ofjntssestr Thimstamdes lstoiatlon to one

i |l ustrat e, niidle Mboskivll ih tfegﬁngﬁi\%%exﬁﬁéclés%? thd MLk ?ﬂ({l }1 irmoouts IT%% rs]F Tulus

vari ations and arrangements are in the scope o0 e i nven
The inventi W@F‘abmlﬂteﬁ to one side ¢ff the bady smmthtsumupxscﬂyd referqmce sledtgodes

an active stifid alo¥bd & fﬂc{‘ 251?5%0&& Jdcfn} L '?I?Qtsagétarﬁ% %gniénaqes the

second/ electrode wtha n “cont surface Sew n
ref er ence eP‘é“éthéMe?ftQS’c@alﬂdl pleesmpent afi the Ir'a&:mc@bbctmdrdeu thentlack ofSibe body

handl e provigad uas:i hsds h Bk PR of 8R! boaPNEahD k810 {ﬁ&%ft lg??cnbg]gans-

conprises a_ spaced el ectrode nounting stru ‘[u I'XI'ng
of the el ec@%&cweﬂhﬂ’ﬁ@@ﬂé@ﬂe@@%hﬁmrﬁﬁﬁhndun ng skin contact, and
during novenent of the probe fromone skin contacting position to

anot hef29] anWithr thw bifiolg prétie 1961, dese ACHAUSHIBO bndbatlld Raliink 6 tHetdidh 'o‘fﬁw tool,

positions of al%,lx{&e el ec r odes V\%,& é’g’ ven range, wherein the spaced

el ect rode nBANPELY ?f’ THeteHsE Hfr@'@’ oiding the n5ed foxtwe genarais Wiites Parding

said first @mndpaeraeftraice rand@ﬁmwmseleémeﬁ bﬂwsv&a@lﬁﬁrsn%gﬁe&neﬂﬁ 8E wires
st central portions

ends of sal tlon having, at. | e

t her eof sit uuringg}eo t%ﬁﬁe}? l?‘?%ﬁr "5‘% ?lfa‘ﬁ?agﬁén t4Re-f aci ng from

said free ends in respective directions which are unopposed to each

ot her ,[38hj dIppraeent aojentsr hernsed prathiypt probels siedilat twmoﬁé)&e]:ﬁttt@dlﬁx Bibs.tdwnd 6

el ect rodes | PEAX common ”
b1 pol ar st 1T ater Brefanat ebhbthl o BT RRERE diaeacddSuicgmor
of the el ecddofpugdithe sldctiedshbyacimpii bel sSoffididnme tsmmadleegeebmedmtches to be
mount i ng krdigfl erg fsdliixed position thereof

3. The bi pol ar sﬁr?u atogh%r\gigﬂleyg%:h(r:%%dob% s Tasteh Tors p %’gr@dn offigdly less
spaced el ed?tairéaleatrr@arrﬁfenglcstSﬂgmpmperqutomuvmdﬁobrmtmhwﬂmbxhﬁg Stafd€ réfbdence

adj ust ment fferlhe fa'céxﬁgntr S| 'cgﬁmﬂ(}ﬁﬁ 1 ?ns%cﬁ) as %heebu%c Vgﬁ‘(?‘%r\gﬁg?ta%lgms

r ef erence electrodes In order to reac ‘o0 touch uneve
in certain instances, this spacing may not be sufficient to elicit large force twitches. This

sithation can be overcome by a slideable or otherwise moveable mechanism to increase
the distance between the active and reference electrodes to more theln 67 'and possibly up
to 247-36”, or more. Such an arrangement can be used to facilitate the positioning of the
bipolar probe such that the active stinulation electrode is positioned on the muscle of
interest, and the reference electrode is positioned to lic on a different muscle. This
advantageously simulates monopolar stimulation conditions to a great extent, due to the
wide spacing distance between the two electrodes. A slidable movement of the
electrodes along the cross-arm 20, to adjust the electrode spacing, is diagrammatically

depicted by arrows By and B; in Fig. 5. Flexible joints, allowing the cross-arm 20 to
10



4. The bipolar stimulator probe according to claim1, wherein the
spaced el ectrode mounting structure further conprises a connection
nmenber extwodvisgiswss-wW se between the arms. 5. The pormuskenr/017110
stinmul ator probe according to claim4, wherein at |east one of said
el ectrodes is slidably nounted on said connection nmember to permt
adj ustnment of a fixed position thereof 6. The bipolar stinulator
probe according to claim4, wherein said user handl e extends from an
end of said connection nenber, away from said spaced arns. 7. The
bi pol ar stinul ator probe according to claim4, wherein said arns

extend at ri%gRt "HAYICELC FPoshion Tesimb e Urrtindibare diaggmuraically dopigted at 21.
stinul at or pylebdepicea’ifdiFig 3 & £ haidR-fhouls r&éﬁa&ﬁhﬁd%’uﬁ?—bﬁ?ﬁ?g t%gat Hhy be

[ [ [ terial arranged to electrica
g;iegt ;Icf ?l,le%g#glsalfeléifaé':i ﬁacg'la@eééwtela of _thegtool, as previously descr¥bed. {The illustrated

slidable movement, flexible joints and push-button are optional features not present in the

prototype probes used by the inventor.)

[31] The bipolar probe devices of the present invention also have utility beyond their
advantageous use for SA-ETOIMS™ gtimulation purposes. Such devices can also be
used for other stimulation procedures, wherein it may be necessary or desirable for the
reference and active electrodes to be widely spaced apart, or in situations wherein it is
desired to simulate monopolar stimulation conditions for stimulating nerve and/or

muscle,

[32] This same type of probe can also be used for recording compound muscle action
potentials and sensory nerve action potentials for performing nerve conduction study
(NCS) recordings, using an electromyographic (EMG) machine. For motor nerve
conduction studies with recording from large muscles, the active electrode is placed over
the motor point of the muscle of interest and the reference electrode is placed over the
tendon of the recorded muscle or in an electrically inactive region such as the bone on
which the tendon of interest inserts. Similarly, for recording sensory nerve action
potentials, the active and reference electrodes are placed over the line of distribution of

the sensory nerve.,

[33] In order to obtain better electrical readings for recording procedures, the probe electrodes
that are placed in contact with the patient’s skin are preferably made of metal or other
disposable metallic conducting material, such as those routinely wused in
electrocardiographic (EKG) and nerve conduction study (NCS) recordings, instead of the
disposable wet felt pads that are preferably used for stimulating purposes. The active and
reference leads of the tool will preferably be of a compatible typ.e that can fit into the
appropriate receptacles of the pre-amplifier of the EMG machine. The spaced electrode

pairing provided by the present invention is useful in facilitating the search for the best

1



9. The bipolar stinulator probe according to claim11, further

conprising a trigger switch to permt a user to conve- niently

el ectri calywp rassiois@s € t he probe for stinulation appli caldraseoro1ie

The bi pol ar stinul ator probe according to claim9, wherein the

trigger switch is activated by a push-button provi ded on the handl e.

11. The bipolar stimulator probe according to claim1, wherein said

el ectrodes are circular in shape. 12. The bi pol ar stinmul ator probe
according to claim 11 vvherei n said el ectrodes have a dianeter in the
range of 1-2 cm The pol ar stinul ator probe according to
claim1, whéR¥Ph PeiRt rfrfav ‘%EP’H RErard OF iAvEivar aRisslioc (TRbeEs dnel to the case in

reference elrggdsitiitng @R rbRSng aﬁﬁvé‘éféxeﬂceofele%&@éés &qued feb%?réoqﬁrable or
mat eri al sel ected.fromthe group consisting :

wool . 14. sapdandized distance brfyesn she Bﬁ’%ﬂé"’%ﬁr (WTH?@ ti’% Smcmgnbemszen the active

and reference electrodes is not held constant (fixed), the shape and amplitude of the
recorded potential changes in relationship to the distance between these two electrodes;
this variability is especially notable with sensory nerve action potentials recordings. The
bar electrode style probe as shown in Figure 3, is suitable for recording of sensory and

muscle action potentials.

[34] It will be understood that while the invention has been described in conjunction with
various embodiments and details thereof, tbe foregoing description and examples are
intended to illustrate, but not limit the scope of the invention. Numerous other variations

and arrangements are within the scope of the invention.
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wherein said porous |iquid absorptive material conprises cotton
mat eri al . 15. The bipolar stimulator probe according to claim 13,
wherein said porous |liquid absorptive material conprises a felt pad.

The invention claimed is:

1. A bipolar stimulator probe comprising an active stimu- \
lator electrode with a first skin contact surface, a second
electrode with a second skin contact surface, serving as a
reference electrode to said active stimulator electrode, and a
user handle provided as part of a single tool, wherein the
probe tool comprises a spaced electrode mounting structure
fixing the positions of the electrodes with respect to each
other during skin contact, and during movement of the probe
from one skin contacting position to another, and providing
for guided adjustment of the fixed relative positions of the
electrodes within a given range, wherein the spaced electrode
mounting structure comprises a pair of spaced arm portions,
said first and second skin contact surfaces being presented at
free ends of said arm portions, and having at least central
portions thereof situated proximally within a common plane
and facing from said free ends in respective directions which
are unopposed to each other, said guided adjustment of the
fixed relative positions of the electrodes being proximally
within said common plane.

2. The bipolar stimulator probe according to claim 1,
wherein at least one of the electrodes is slideably mounted by
the spaced electrode mounting $tructure to permit adjustment
of a fixed position thereof.

3. The bipolar stimulator probe according to claim 1,
wherein the spaced electrode mounting structure is movable
or bendable to permit adjustment of the fixed relative posi-
tions of the active and reference electrodes in order to reach to
touch uneven skin surfaces.

4. The bipolar stimulator probe according to claim 1,
wherein the spaced electrode mounting structure further com-
prises a connection member extending cross-wise between
the arms.

5. The bipolar stimulator probe according to claim 4,
wherein at least one of said electrodes is slidably mounted on
said connection member to permit adjustment of a fixed posi-

tion thereof,
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6. The bipolar stimulator probe according to claim 4,
wherein said user handle extends from an end of said connec-
tion member, away from said spaced arms.

7. The bipolar stimulator probe according to claim 4,
wherein said arms extend at right angles to said connection
member,

8. The bipolar stimulator probe according.to claim 4,
wherein said arms comprise an electrically insulative material
arranged to electrically isolate said active and reference elec-
trodes.

9. The bipolar stimulator probe according to claim 1, fur-
ther comprising a trigger switch to permit a user to conve-
niently electrically activate the probe for stimulation applica-
tions.

10. The bipolar stimulator probe according to claim 9,
wherein the trigger switch is activated by a push-button pro-
vided on the handle.

11. ‘The bipolar stimulator probe according to claim 1,
wherein said electrodes are circular in shape.

12. The bipolar stimulator probe according to claim 11,
wherein said electrodes have a diameter in the range of 1-2
cm.

13. The bipolar stimulator probe according to claim 1,
wherein each of said active stimulator electrode and reference
electrode comprises a covering of porous liquid absorbent
material selected from the group consisting of: cotton, felt
and wool.

14. The bipolar stimulator probe according to claim 13,
wherein said porous liquid absorptive material comprises
cotton material.

15. The bipolar stimulator probe according to claim 13,
wherein said porous liquid absorptive material comprises a
felt pad.
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