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[ 0001] Thwe oappiircati on clains the benefit of the earlier PlTIiSay4adat e of
U.S. Provisional Application No. 60/340,271, filed Decenber 18, 2001 and
further relates to U.S. Application No. 10/083,088 filed March 1, 2002.
The specification and discl osure of both of these related Applications are
i ncorporated herein in their entirety by this reference. TECHNI CAL FI ELD

[ 0002]Tihe present inventions relate to the treatment of tinnitus patients
and nore particularly to inproved clinical nethods and apparatus for

treat ment Methwinemdf Amaetuscipr Ttaatmént o Myaio Baquengy Tinn#npg phase shift

cancel lation principles. BACKGROUND [0003] Tinnitus is defined as the
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BACKGROUND

[0003] Tinnitus is defined as the perception of sound by an individual when no

external sound is present, and often takes the form of a hissing, ringing, roaring, chirping or
clicking sound which may be intermittent or constant. According to the American Tinnitus
Association, tinnitus afflicts more than 50 million Americans, and more than 12 million of
those suffer so severely from tinnitus that they seek medical attention and many cannot
function normally on a day-to-day basis.

[0004] Tinnitus, often referred to as ringing in the ears, is estimated to be present
in approximately 50% of the US population over 65 years of age. In general, tinnitus takes
many and varied forms, which may be related to its underlying cause. Tinnitus may be
caused by, or related to, such diverse factors as trauma, drugs, hearing loss, the normal aging
process or other unknown causes.

[0005] Previous approaches to treating tinnitus have focused on masking the
tinnitus noise experienced by patients. While previous masking techniques have been unable
to alleviate the problems of tinnitus patients, significant research has been done. In reporting

on studies at the Oregon Tinnitus Clinic, Jack Vernon, director of the Oregon Hearing

1



WO 03/ 051179 PCT/ USO02/ 40151 Research Center, stated that, in patient
tinnitus studies, phase and tone rel ationships are of obvious and critical
i mpor t ancwoioa/osame maski ng of tinnitus. Vernon goes on toPohaseye@ishat one
cannot repress the idea of canceling tinnitus by a proper phase adjustnent
of the external tone used in masking. [0006] In commenting on Wegel's
earlier tinnitus treatnment findings that a slight mstuning of a masking
external tone produced a beat-like sensation with the tinnitus sound,
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ti nnigadsnt @it Bomdlind clinical studies utilizing a 180-degree phase shift of an externally
generated tinnitus tone. More than 79% of patients studied reported either elimination of, or
substantial reduction in the level of, tinnitus noise.

[0008] Neither current medical procedures nor electronic or sonic instrumentation
permit or facilitate an objective determination of either the frequency or amplitude of the
tinnitus noise a patient experiences. It is also not possible to subjectively determine an
instantaneous phase of a point on a patient’s virtual mono-frequency tinnitus tone.

[0009] This current state of tinnitus treatment has been bothersome for the tinnitus
patient because the current state of medical knowledge and acoustic/electronics
instrumentation does not yet permit one to objectively determine at what point on a patient’s
virtual endogenous tinnitus sound wave tinnitus tone (sine wave) an exogenous phase-shifted

sine wave would be inserted in an attempt to cancel the patient’s virtual tinnitus noise.



WO 03/ 051179 PCT/ USO02/ 40151 SUMMARY [0010] In one of many possible

enbodi nents of the present invention, reciprocal noise cancellation of a
pati ent' swomaosfirequency tinnitus tone is achieved utili ziPag/usn2/4@xt ernal |y
generated tone which is subjectively defined by a nono-frequency tinnitus
patient to match his/her tinnitus tone in frequency and anplitude. In
accordance with one aspect of applicant's novel apparatus and process, an
externally generated sound wave, selectively designated by subjective
observations of a patient to match the patient's tinnitus tone is first
applied to the tinnitus patient via earphones or a speaker system Then,
the sQMMARY nal |y generated sound wave is sequentially phase shifted
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ar e maeatiment seqaeqead ankextehmllypeseatd soundntaverand titckndhe pladse shifiedd t he scope of

t he invention. 3 : . . .
externally generated tone achieve cancellation of the tinnitus tone of the patient as the

sequential steps of the generated tone in effect slide across the tinnitus sound wave resulting
in cancellation of the tinnitus tone.

[0011] Applicant’s inventive apparatus and process may be embodied in a
portable self-treatment memory device which includes a sequence of recorded tinnitus
treatment tone segments, e.g., externally generated tone, and the sequential phase shift steps
being recorded either during a patient’s clinical treatment or later based upon a patient’s
clinical data. By replaying the sequential phase shifted segments of the patient treatment
process, a patient may utilize the previously recorded sequences in a patient self-treatment

process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings illustrate various embodiments of the present
invention and are a part of the specification. The illustrated embodiments are merely

examples of the present invention and do not limit the scope of the invention.



WO 03/051179 PCT/ US02/40151 [0013] Fig. 1 is a block diagram of
nono-frequency tinnitus treatnent apparatus in accordance with an

enbodi nerwOaB/0st1@ present invention. [0014] Figs. 2A, 2B, peCusBtuand 2E are
a series of sine waves that graphically illustrate phase shift

cancel | ation principles in accordance wth enbodi ments of the present

i nvention. [0015] Figs. 3A, 3B and 3C graphically illustrate the sunmation
and cancellation for an assumed patient timitus wave form and an

ext ernal | y [@d8pr atid. Wsweblbek divgram sfanéo-fréfuehéy Minitd Seufmat affasfts of O
degrees in accordance wth enbodi ments of the present invention. [0016]
Fig. M gcsorfancsyvith g gakodimegt althe presertindentign-anot her enmbodi nent of t he

present in i on i hab r ting. a self.-treatnent tinnitus
recordi ng. Y@S&H?] Eﬁgégtz%blgf {ng%lggﬁfggﬁaa%eo %eglre > §%88W%?ﬁqﬁ%trgr?%calﬂy

sel f - ilhsattephbsctshifhédnosllploageinsiples(id @dddldant@with dnfdouihéré 68thapregsiodi ment
of the self-treatnent recorded disk protocol of the present i1nvention.

[00191VEREER-7 j | | ustrates a | ogic flow diagram for assessnent of

applicant’ se :Sshifit Jhr nt .prot ogol in.accordance with enbodi ments
of the pr eioeotr%? ]ai Ve ?‘éh?’h[ag@;g’fgr f?ﬁ’}ﬁ%a?fyéﬁ‘,‘s%ﬁ t&ﬁ&“@&'a?lppﬁg ?%@?%@Pi ous
time fdrmﬁsisitm{ed%ﬁaﬁitﬁmﬁh§waﬁ@fodn?ahﬁléh%xféfnalllz%eﬁ&ﬂféﬁ MavaforiEhdvidd &AL ment
protocol in accordance with enbodi ments of the present inventioh. [0021]

Fi g. orbiteary agsygied ofbS @ Odiearpeain adcpndenceavitngmbedimsnts of dzt presest and st eps f or
an opjective testing of applicant's phase shift tinnitus treatnent
protocols 1 nh accordance with enbodi nents of the present invention. [0022]

Thr oughout [0006] dr &4k NG a 1bge BIdck@iagh&h ANRASEN MRS S di imlar,
but not necessari I&;?gi dentigéal , ceI ear%gnts. DETAI LED E)Escgla%%%t{lﬁ[hgom] To
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process anghodgpar a4y 0atat Vel GBBePment of the self-treatment recorded disk

protocol of the present invention.

[0019] Fig. 7 illustrates a logic flow diagram for assessment of applicant’s phase
shift treatment protocol in accordance with embodiments of the present invention.

[0020] Figs. 8A, 8B and 8C illustrate various time lines for embodiments and
layouts of the sequential self-treatment protocol in accordance with embodiments of the
present invention.

[0021)] Fig. 9 is a logic block diagram illustrating various features and steps for an
objective testing of applicant’s phase shift tinnitus treatment protocols in accordance with

embodiments of the present invention.

[0022] Throughout the drawings, identical reference numbers designate similar,

but not necessarily identical, elements.

DETAILED DESCRIPTION

[0023] To remedy the current deficiencies in diagnosing and treating tinnitus
patients, and more particularly mono-frequency (single tone) tinnitus, applicant has developed
a new, more efficient phase cancellation treatment process and apparatus that overcomes

many of the shortcomings in the prior art. There is a long-felt need for an effective treatment

4



many of the shortcomngs in the prior art. There is a long-felt need for an
effective treatnent 4 WO 03/051179 PCT/ US02/ 40151 for nono-frequency
tinnitus wetwestizeto substantially reduce, relieve or elircmatse2/4hsl of t en
substantially debilitating condition of tonal tinnitus. [0024] Referring
now to Fig. 1, a preferred enbodi nent of a phase shift treatnment system
for nono-frequency tinnitus patients is illustrated in block diagramform
A sound generator 10, for exanple, an Agilent nodel 33120A function

gener ghPmoR6-fRANerRY inkRhSitients BRI sGnahlly reausd, kRl 6 ovauBinhRItAR egALT ator, is
coupled to a patient's headset 12 and to an input of an oscill oscope 14

whi ch swbstantiadly deliditgping cohditiof of tesal tipétusonmercial |y available in the U.S.
f Tekt ics, | A . d t 16 | | | t
another | nal0E; | BEErHGEEE Forikel. § sabard shDh e ar S $5 e

\F/)\A! :Jlr algh t¥mabr ﬁh@h&'—?ﬁeﬁ@é&?/ KRARSs patiBnRRG1RYratd h @Bck &H%Tﬁhllt fobR! W fhd24. As

bé hereinafter 'explainedin further detail particularly wth respect
t o Fi gen&atoa 10pioo eXangujeiemcAgitentmiotiels333 20 A dmtctibh geseratok edartyceqadjalent t he
frequency and. anpl.jtude of an audio,signal generated by the sound
gener §PH¥“656139¥ %iakﬁé’%{égﬁ)%gmﬁm%%@ E%dé%a pgent Sgﬁﬁgﬁet {h&%i8@8ut of the
sound i8neirah 8LciABRbE M $RiASAAP RANGSmIR, BBb B il AL BhR
frequelﬁlgg t one cklleardbby t lg pat’i ent . %éo?g? fI't?}lszyptseu ] ectg\b}gy%lsagqg -lgtlypi ng"
i s preheUdblfsom Epleaind, licplAuseabnd younfl generetor 1615 @sdddupibdiasnsther input t he
pati ent caﬁnot si\% the oscilloscope 14. A barrier 36 may be placed between
t he p&YCEHL'OSCPPANG t he oscill oscope 14 and the sound generator 10.

Addi ti onal |pggasiei t BEfind dinSralch 1'@91a§|h%ﬂ]élé‘%tg%@a&jﬂ?caﬁl@ﬁsiﬁgbdsggﬁgﬁ@ﬁmanagnt hat a

patient 11 ‘can observe,” or any suc l'ay “i's ma concealed from
t he pauipmmteriinal PA. ARIvallivehoeminafict etgisingdin farthed detadlypaetidudarlyswith espeatel y
sel ect roughly the sanme paraneters a nunber of tinmes to match his or her
per ceilY Et- 3i aRopadisyency tignitps patent blisdskehieradiust the drequensy and amphide

Cont ! 40K SuAB3tark SO Ry 1OloliGRaHIT 1 0REE AL DBaaNERT Eig 20 1

appr oxi mat es nni tus “nol se experi ence

subj eamtilthesatput of theisoghdigdharat@rappha@htodicadpgienssel I mhyhedife $ihlipss théno-
preferably recorded by an attendi ng audi ol ogi st or physician. Additionally,
the o &eﬂugncfyftoqqﬂéeard by the patient.

[0026] This subjective “sound-typing” is preferably repeated a plurality of times
on a blind basis, i.e. the patient cannot see the oscilloscope 14. A barrier 36 may be placed
between the patient 11 and the oscilloscope 14 and the sound generator 10. Additionally,
either this is no display on the sound generator 10 that a patient 11 can observe, or any such
display is masked and concealed from the patient 11. In this manner, if the patient is able to
subjectively select roughly the same parameters a number of times to match his or her
perceived tinnitus noise with the sound generator 10, there can be confidence that the output
of the sound generator 10 accurately approximates the tinnitus noise experienced by the
patient 11.

[0027] The subjective sound typing data for each of the self-typing steps is
preferably recorded by an attending audiologist or physician. Additionally, the output of the
first sound generator 10 can be matched by adjusting a second sound generator 16 to produce
the same output. The outputs of the first sound generator 10 and the second sound generator

16 can be compared on the oscilloscope 14 to ensure they are the same. The output of the



first sound generator 10 can be matched by adjusting a second sound
generator 16 to produce the sanme output. The outputs of the first sound
gener at orw00®3afd7¢ he second sound generator 16 can be com®parisd2/anst he
oscill oscope 14 to ensure they are the sane. The output of the 5 WO

03/ 051179 PCT/ US02/ 40151 second sound generator 16 can be used, as wll be
descri bed below, to prepare a treatnent recording for the patient 11.

[ 0028] The principles of sound wave cancel | ati on operate by superi nposi ng,
€. 0. s3tuhdlo8nd BereRONTH &dntR 1ABY, Qs KAl bBdedcriBed BEBwE toestusiRe X trafeheatpl i t ude,
as the first sine wave wth a phase shift of 180 degrees Sound wave
canceltreardiss forthopptienidder stood in the electrical and measurement arts and

til tech field | di . hani d
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the tinnitus noise that he or she hears. 29] The met hod of
acconpvavs I’Wlﬂga phese ghidisef 18RI degrecsn riveint avave nalmeﬂafmn lsfwellsuldmstmgdUMGwav es of

e B PSR G O D S0 APASCRS Sl e

poi Nt ,m&ARNiBEand élbaﬁnﬁ@tg%ﬁeﬁﬁyfwldhmo BesnsdcPBRSHAL B pAlerdt §hoiﬁ& bto a f' rst
tone having a frequency of f1 an anplitude of A fp exanple in

m | | i -abld toadjust die opipay efithe rﬁrS(sumﬂ ganmtcml@rto approaimghte tlnrtﬁmitesjnom&)thahe first
i nput ,of nﬁl | -beam osci |l oscope 14. A second generator 16 is also set to
the salfé StoA®hith a |ike anplitude and the output is connected as a
second i npybhoge) 0Shb hRJARE adéhm 2A-2E, it
may be seeg thgé?lt by adj usti ng th 1@%&%@%@4&;&%@@@ ?&9%1}%%’88% a series of
st eps,suinming twaivadesas the same fréqmenctyrmldsamplimdet butpiitisouft amy knaywledde)of the
neutralzes ar cancel s f1he or| i nal S|gnal As illustrated, f|l plus fm
cance/Phairdflepaniidp 9ithe H@d’Y*’é@é thgsegand ﬁ’l‘?é@éel@xﬁl‘t’entof% COnYAPTPRifh SALPS, for

ti nni GissuRakl £76

systerh I's much rm(?v:]ag rc%mﬁlhésﬁ%r 3?1@ eegilg‘rarip t 8}1?{18%@‘]‘:?%%90%%8 sound
waves aamlutddewsftﬁ( efbeekaa’qﬂwm milliavotts hg dlsplamleomnnﬂ gastatpel M4nd cOfidtfedl t 1S

wel | ﬂ@r t ood tlég' tfle field ﬁ]f@ audl ol ogy that humans and ani mal s can
det er rﬁ) IptingutQl ey iheam) asciblagrone 1t Antceendsgeasrataré igplse setitohedpms sound

wave &Ik eh biiRBumplitude and the output is connected as a second input to oscilloscope 14.

[0030] With reference to Figs. 2A-2E, it may be seen that by adjusting the phase
of sine wave f through a series of steps, illustrated as fj ... fi, the sum of f; plus f, (Fig. 2E)
neutralizes or cancels the original signal f;. As illustrated, f; plus £, cancel when f;, is 180
degrees out of phase with f;. Unfortunately for tinnitus patients, the structure and operation
of the human auditory system is much more complex than the simple addition of two tonal
sound waves as illustrated above on a multi-trace oscilloscope 14.

[0031] It is well understood in the field of audiology that humans and animals can
determine, to a considerable degree of precision, the direction of a sound wave remote from
them and to some extent can also estimate the distance of a sound source. Numerous
experiments in the field of audiology have attempted to analyze the mechanics by which so-
called binaural localization is accomplished in humans and animals. There are two primary
factors which assist one in determining the direction of an arriving sound: (1) relative
intensity in the hearer’s two ears and (2) the difference in phase between the ears or, for a

sinusoidal tone, the difference in phase between the sound waves arriving at the right and left
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them and to sone extent can also estinmate the di stance of a sound source.
Numerous experinments in the field of audiology have attenpted to anal yze
t he nechawbDag/obpm7avhi ch so- call ed binaural |ocalization i #Caasonmpiisshed in
humans and animals. There are two primary factors which assist one in
determning the direction of an arriving sound: (1) relative intensity in
the hearer's two ears and (2) the difference in phase between the ears or,
for a sinusoidal tone, the difference in phase between the sound waves

ar ri vieagofihe hbarer iegftictiaglgl. Thhd, itGs WEaOBAO IS HChikERIAO3 S ste@@bn Of t he
hearer,rg;ge tively, Thus, it is clear that a human or aninmal auditory
syst erffiginguishphgse st complex sornd geneply et foraure eumanegrisanacy jongnd f or

pure q fF i:f i ly. This. t f caudi t.ory anal ysis
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tend tlKhgtessoobeerebetetd teddtérdiin®thealiz ittt faeua@ séurehbhans tideohet he ear
recei ving the | ouder sound. Thus in general, it appears that auditory

| ocal ieFteceiningyhglonder soupd.t Ehusiagenerakisappenes that auslitony logalizatien by phase

fre VG i 7 f .l ohert z. i e ereinafter,
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but whether the tinnitus patient hears his/her tinnitus in both ears, in
only GMECEEH tydcterainpaphoninticdona qurlil oftedinituheigeal bhbwhetbarthe tienitusnni t us,

in thelr A reference tq either ear. [0032] .Referrin gainto
Fig. %a {I?IEEIQ%F m&z&gﬁémg%dl é’%@“r S A Oty L Bt LY %fhé?tgrw}@ﬂ ag’ﬂ%odi nment of
appar ailiege they hédr @ied finiGrus DR AhdiF BEMEout FitbAdéSo RRhdreat.s Wi I 1 be further
descri bed. A phase shift network 30 nay be of any type known to those

skilled inlf82] auRefening agatn telFegtl; theatruetutesandmpergiph pif agplizaniési r ed phase

shift tput of. the first sound nerator. 10. Alternatively, the
sound PhERarEp B0 bns obialeh SRR e S Y RS RIg 11

f eat uferthel deseeibed: t Atph@se e nétiofl BO AR be BE bty fypakkEwn tABo 149k @y di al
in the desired phase shift (scaled in degrees), e.g. 10 degrees, 20

degr e@sdifary andipleetricalfatts forsapphdng & dsiired ghadeishifsto the gutpof ofAlic fiPsoumtic. as
shown j i 2,0r_an oprigte automatic.switching arrangepent may be
SO o010 g R B So 4 T RS 0 o 1 S0
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an alternate position, the switc
desired phase shift (scaled in degrees), e.g. 10 degrees, 20 degrees etc. which affects the

desired shifts, e.g. of Ay, A, etc. as shown in Fig. 2 or an appropriate automatic switching
arrangement may be used.

[0033] As shown in Fig. 1, a switch 32 can selectively send the output of the first
sound generator 10 to the patient’s headphones 12. In an alternate position, the switch 32
sends the output of the phase shift network, i.e., the signal from the first sound generator 10
plus a phase shift, to the patient’s headphones 12. If the sound generator 10 does not have a
phase shift feature, the separate phase shift network 30 is utilized. The headphones 12 are
preferably a high quality headset commercially available from, for example, Bose, Inc. of
Massachusetts, U.S.A., under the trademark QuietComfort.

[0034] Switch 32, as illustrated, applies the shifted output of the sound generator
10 to the headphones 12. The successively phase-shifted increments of sine wave tone from

generator 10, as explained above, are successively generated relative to f;, as illustrated in



sends the output of the phase shift network, i.e., the signal fromthe
first sound generator 10 plus a phase shift, to the patient's headphones
12. I f thwovswsd7generator 10 does not have a phase shifPCrasbusEs1 t he
separate phase shift network 30 is utilized. The headphones 12 are
preferably a high quality headset comercially available from for exanple,
Bose, Inc. of Massachusetts, U S. A, under the trademark Qui et Confort.
[0034] Switch 32, as illustrated, applies the shifted output of the sound

gener @ON, toldbchbMplifiLthbeasRbeN a8 ddgred Pass WaERERE i&dti;bnﬁlﬂ?ﬂﬁ*oﬁéﬂ fheetbps

increnents of sine wave tone from generator 10, as explained above, are
succedslbisineted agénér.at &6 relative to fi, as illustrated in 7 WD 03/ 051179

PCT/ US02/ 4 Fig..2, t i th i l. 180 h
cancel i ng Ri(?é[]l olngﬁfef}mtgrﬁoﬁc lgﬁé&é{}gﬁésesqrow@%{?%@ ggapﬁ%?lr fe g, p fas-e f,,,.
[ 0035} edRedcfitalibh fo ﬂ?‘r’lguﬁﬁhiﬁé Bfa §ﬁ%en§’§ﬁhﬁit&s&oﬁ@??ﬁa1ﬂ dnhgeseillycahe@taaphi cal

representation o e sunming of a patient's tinnitus tone P(t) and an
ext er haid ) glong wathetieir respective mathznmatigaldquatiorwspresensatjpmst A estatast dbowat i cal

equation representatio As stated abqgve the patjent's ti.nnitus tone
P(t) SHRREREE SRELE PR O R B TR0 S TS Chr B O et r ument at i on,
but,  §Q%rusRAKEBH 8% SfoP EoreSieHESd iR RGP HBiyis, # is lIEsthdtbdiRtd @hed as a
sine wave of a particular frequency f(t). Thé respective wave forns for a

pat i emtavs of a paiticukar frequencyP{(t)) Thedesphaivgeneedorms foae patiornmtingitys wne based,
i on t i in of his/her. tinpitus tone as

as explain above e ient self-t
conpa?’é a{liﬂ%ergénsfateﬂa‘(avs 0155 @é@ﬁ%bﬁsﬁé@ 8% pmf aboye, o4 Fieh2HeR seiityRiBnect i on

with G )His/h]?cr ’B%{ﬁ?%eﬂ)né: Aondardd! th YRl 51&%1%%f 3 s8i iy %&el%jt(ﬁ'q O‘,"@svécrpﬁa%ﬁ’édeﬁent ing the

sum S(t) o and 1(t) wth the Tnitial set or Separation angle 0 as

shown comedetign wdA.Fighle sumis expressed by its mathematical equival ent
nt.i t he

S(t). Fig. i1 ust th l'jtud f i ne, res n

2t et Do (GG of Fise B aRekes fFisla S Wa\se SPICBPURR 4 WE% DUERL P HERBr at og
) " : : Y ) P

g?ﬁe?@\%% OIPJ I’%a ! Eﬁ%t%ggl%a}la? £ %flaﬂ%ll\?i%%gswﬁlgmaﬁ%g%ﬁp ?gélﬂégs( %’%%%F%&r of fset O

has afts mishenitRabQusvateripB(t). UEig. 3@ $idustrirs theheniltlideaiTta stne Wavbiepresenitiope sound

wave due to the cancellation effected by the offset phase shift angle O
whi ch theeithmsti spm ofitheipatient dinips wayrc(P) anditbminppt generaprdtwaietl(ts 45 nni t us

tone ﬁfusitlja{eﬁ% !F?gl %6 the arithmetic sum S(t) of the two offset wave forms P(t) and I(t) having
the aforementioned angular offset 0 has an instantaneous amplitude less than the patient’s
tinnitus tone sound wave due to the cancellation effected by the offset phase shift angle §
which results in a diminution or cancellation of the patient’s tinnitus tone as illustrated
between the 2n/3 to the 4n/3 degree points on the sum S(t) wave form. Thus for
approximately one-third of the 360 degree scale illustrated, partial cancellation occurs. By
incrementally shifting the external tinnitus treatment tone I(t), we can theoretically nullify or
completely cancel the patient’s tinnitus tone P(t) when the input treatment tone I(t) reaches
the 180 degree out-of-phase position, as shown in Fig. 2, as it slides across the patient tinnitus
tone P(t) as described above. For a more complete understanding of the diminution and
cancellation of a theoretical patient’s tinnitus tone, reference may be had to Figs. 3A, 3B and
3C and the following mathematical definitions and equations relating thereto:
Patient Sine Wave:
P(t) = Py sin 2nft
Where Py is amplitude, fis frequency and t is time.
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between the 27c/3 to the 47r/3 degree points on the sum S(t) wave form
Thus for approxinmately one-third of the 360 degree scale illustrated,
partial cap®alsart on occurs. By increnentally shifting treTasozsmnal
tinnitus treatment tone I(t), we can theoretically nullify or conpletely
cancel the patient's tinnitus tone P(t) when the input treatment tone [ (t)
reaches the 180 degree out-of-phase position, as showmn in Fig. 2, as it
slides across the patient tinnitus tone P(t) as described above. For a

more conpl dhplttmeka%kralﬁ@hngneﬁratblhe di minution and cancellation of a
theoretical patient's tinnitus tone, reference may be had to Figs. 3A, 3B
and 3C and the IftbFIIw)W@@ftrrsﬁ)henatl cal definitions and equations relati ng

thereto: Patien ve Po s ere Po i Jde, [
frequency and ttwg Gé V\%h aﬁéﬁ%@)’@@fﬁgabﬁ‘ﬁ@dﬁf%@@1mﬁ nl)g;(ﬁue V\ave
from Generator: 7}(l g5 Io sin(2'rft - 0) Wiere O |s t he phase shift between
P(t) and I(t) in radl ans it radians = 180, 2Tr 360. Sum of P(t) and
I(t): S(t) SanP()fB(t)-lanld(I(t) (Po sin 27rft) + lo si n(27tft - 0) Assune that
Po = lo, thenS sin 27rt_+ sin (2irft - 0)] [ 2Po cos (%0)]

[sin (27rft - f) 1%(‘5),&:F Pri= Eaisirdntt) +olpsinGafer® A is the anplitude of the

sum wave. Thus A sin (27rft - 9%0) is the sinusoidal
vari ation of théAsumeﬁg\?go a%(%h/%%?o is the phase shift of the sum wave.

[0037] Referring#ew @infimd+ s (2wher @]i s shown a logical block di agram
'Hustrating = [2P¢ cos (¥20)] - [sin (2=ft - 140)] -
= A sin (2xft - ¥:0)
where A is the amplitude of the sum wave.
Thus,
A =2P; cos (¥:0);
sin (2nft - %40) is the sinusoidal variation of the sum wave; and

720 is the phase shift of the sum wave.

[0037] Referring now to Fig. 4, there is shown a logical block diagram illustrating
an embodiment for preparation of a self-treatment disk 40 during a clinical treatment visit by
the tinnitus patient. Sound generator 10 preferably is similar in structure and function to that
described above in connection with Fig. 1. After the tinnitus patient self-typing, as described
above, the appropriate phase shift of the signal from the sound generator 10 is adjusted in a
series of incremental time sequenced steps to apply the incrementally phase shift treatment
tone segments to the tinnitus patient via earphones 12, with the incremental phase shifts
summing to at least 180 degrees or more during one treatment cycle. In the preferred
embodiments, the incremental phase shifts relative to a predetermined reference may be either
in six degree, 20-degree, or other increments as will be described in more detail in connection
with Fig. 8.

[0038] The tinnitus treatment tone may be displayed on a monitor or oscilloscope
14-4 to enable the clinician to monitor the shift from the initial tinnitus tone f to the shifted
increments of the tinnitus treatment tone f,, as shown in Fig. 2. During the patient treatment
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an enbodi ment for preparation of a self-treatnent disk 40 during a clinica
treatnment visit by the tinnitus patient. Sound generator 10 preferably is
simlar iwogBmsarure and function to that described above@cCirusenmnecti on
with Fig. 1. After the tinnitus patient self-typing, as described above,
t he appropriate phase shift of the signal fromthe sound generator 10 is
adjusted in a series of increnental tinme sequenced steps to apply the
increnental |y phase shift treatnent tone segnents to the tinnitus patient
vi a egfcpcl?&ﬂ esidilor dﬁ@ltteﬁ rhdhorl A0 RN Bk aﬁﬂ@%%nﬁ@ of 1n§idl'ﬂh1'ﬂﬁlstt1%aﬁ§en't east
180 degrees or nore during dOne treatnment cycC In the preferred
enbod ﬁwrmmnsl eatthef the phaseeshifted 1p¢reuslents of fftesumetuatrcammdoae ay msertpehnd toed
reference may .be ejther __in, six r 20- degr or..at he enents as
Wit O Eedervin Berdohonsr 2 dubiapn S BE meBiery Rt 2545 e o PEsSa] The
Ui nni GHg 4 ‘ﬁéﬁo%&b&dﬁ@'&%@@ﬂ %n@‘l'l %Rk&g&%e%ﬂfé di@ﬁﬂtfo@'ﬁhe%elﬁélg' devReagpe 14-4
to enable the clinicran to nonitor the shift fromthe initi tinnitus tone
f to tleateshiskifectatment reeostingondisk 4@ Altemativedy, im@aenyenit 4208 eodpiedt® ashown i n
Fig. 2. Duri atient treatnment .9 WD 03/ 1 79 PCT/U802/4 151
pr ot ooBline Ef’j‘?ﬁg“ﬁ ﬁegq%qft‘*él“ﬁﬂ‘é‘hﬁlﬁy CQBPTiESAH Y Bl R LR TR S G rigver Bpt s he
0t @bk b WSl BB WForld Wge W At AonAASE SRIh&AEL | ner ement s
of the tinnitus treatnment tone as it is appli e patient via
headphkstaelishd witGahegatsaditeretdiecrmmitpttyviathetintéthet sr World Widewieb oThist her
simlar, audio recorgugg.d |ce 44, which, in respaonse to the output of the
memor@ icaB selectively qeliversihe tiapifys trqaimentWate fra BIrHPWaT paticnt ithe o,
Al ter I pled to an online transmtter/receiver
46 mm'gﬁ&ﬁ§i%€§$§??@§”§93£%ﬂ§ﬁ§ P%gﬁconputer or server that is connected

to the Intqo089] orR¥brring ndtde ML, ah enbotinent af appardtisvuitdBledardnten be
established with the transmtter/receiver unit 46 via the Internet or Wrld
W de Velbireatapet systepyutlizaplein agsasdarc aith yebamarksr embodimeryiof the nressak nent dat a

fora u i efote clinic
[ BB} R Rt s fedlet i 7 bRl FOTRULRCIR e CD 2 7 Tor
horre chdrideliverad tetht payait €stlowing hisaher fidhife GRMARAC et adlidic yedesadddher

enbodi ment, of the present invention. Atinnitus self-treatnment disk 40,
desi gAReVeRicqERsClion withdHe 4 phlisrnatvela thesdio treatmentidata mawbe Fanseritied t he

pati egy the:(f)I JtlQlW sr}%n{g pCc 45 o@&f a édnﬂgét{olﬁs48tt5 AR IR Mt A \ﬁor‘f’ci W]dg WhD. g\es cri bed
shown in Fig. 5, a switch 52 selectively couples the output of the PC 49 or a CD player 54 to

the patient’s headphones 12. Thus the patient 11 is able to utilize a self-treatment disk 40 to
obtain relief from tinnitus conveniently in his or her home.

[0040] Referring now to Fig. 6, there is schematically shown a CD disk layout in
accordance with yet another embodiment of the present invention. CD disk 40 may comprise
a flat, round body 60 having a plurality of audio tracks (e.g., 62 and 64) arrayed in a generally
circular pattern on at least one surface thereof. The CD disk 60 may be of any well-known
type commercially available. The disk 60 will preferably have a fixed reset or start position
66. The tinnitus treatment data may be recorded on the disk 40 by any well-known audio or
digital process. Similarly, the tinnitus treatment data may be stored on any other device
capable of recording audio data including, but not limited to, magnetic tape, floppy or optical
disk, semiconductor memory, etc. Additionally, the tinnitus treatment data may be recorded

in any audio format, including, but not limited to, compact disc, MP3, wave (.wav), etc.
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above in connection with Fig. 4. Alternatively, the audio treatnent data
may be transmtted to the patient's hone PC 49 over a connection 48 to the
| nt er net WO 09Os11A0 W de Web. As shown in Fig. 5, a sw tchpPB2/iset/ensi vely
coupl es the output of the PC 49 or a CD player 54 to the patient's
headphones 12. Thus the patient 11 is able to utilize a self-treatnment disk
40 to obtain relief fromtimitus conveniently in his or her honme. [0040]
Referring nowto Fig. 6, there is schematically shown a CD di sk |ayout in
accor dance g y . CD disk 40
may conpri ngi fle%%i%ﬂﬂg}ﬁéﬁ @gﬁég%gﬁéﬁ%{#&\g&g% 19%?%%&%@2{11%% tracks

(e. g. ilhsRatinderhddimeniayfedpiicants geved paddeys for gereudtang obgdctive assessnent daast one

surface thereof The .CD, di sk 60 nmaybe of wel | - known e comercially
avai | 8brrplicenfes phasg slgh tWP}tPS ‘E?%@S?%PS?C%\%?/ rgimahoye sialed, a %ﬁcé’%aﬁt posi tion

i 1 - FERTAREREE o} DESATEIT afeLIBY BRCHER RLIRD ARISR, MBIl Lot munt

dat a BRyibliRy $érahethono-frqyerely Inmmtﬂheprhaseshlﬁambhmt afd thedoitid] sugeenirg maylat a
i ncl ud| ng, but not limted to, nagnetic¢ tape, floppy, or opIJcaI di sk,
seni cbpdoee Bracaedanse wigh MA PKB%PW%WY%]/W"WF@CP profaces InadditioBnt data may be

vps, - iaigmplty O 6 e BE 1T oo B sTE U ES e TR g o

to Fig, seTectédhﬁb@oJﬁféqﬁéiﬁy\lpaWenkMB asitedftd owbjebtaglydisowid-gpe’t hikihst ﬂlmﬁtuve
enbodi ment of applicant's novel process for generatl ng obbectlve assessnent

dat a sendifseucaanttlying fyexample an pdpstakle seylay ansengrior dBots depgribed
, .
o ol AR G 8 by SRRAGARN S ERLTTRL JSOKRAR-PERE B4l @ soreeni no

NDNO- PrereablGatients atd asﬁecpﬂ@as@eaS thefgatitiitepdubuotivatsduhd gpidy tse@draltimneseni ng may
be done in accordance with MATTP or an equival ent nedical protocol. In

addi t EBgare &mﬁcw&w 9f the prticay s sely eafiviegyaiehing phlishetinptus fene with they  bef ore or
after % tfr%ﬁﬂéncx&exge%&tggasn ?'?1 et'lf&%ﬂtgc‘i’.o frequency pati ents are asked
nrtus

to suBJ sou ype sound frequency utilizing,

for exanpl qoom adpustfaddh stef QUG MEdEn gRP rALBE atldhdirSclid@sal éraegsichove, on
a blind basis to quantify his/her tinnitus tone as to frequency and

arrEI i fugeneratppe ﬁmrama,te peteinghgise lwaée Hegtagnt teng @@é@ﬂtmlhéeqyal fodhe ' s )
oat 1 chrids ERES robE” pifh Reg s Rtod CRBe foneiP ARG Qfeigh Attty "€

of successive substantially equal predetermined step increments totaling 180 degrees whereby

the generated wave form is brought through such sequential phase shifting into a series of
canceling and eventually into a reciprocal canceling relationship with the patient’s tinnitus
tone during a treatment period or zone, as will be further described in connection with Figs. 8
and 9 hereinafter.

[0043] In step 3, the tinnitus patient, after completing step 2, maybe subjected to a
PET or Functional MRI Brain Scan to objectively assess the patient’s current tinnitus activity
in order to objectively quantify the elimination or degree of substantial reduction in the
amplitude of the patient’s tinnitus tone after receiving applicant’s phase shift cancellation
treatments. These procedures are routinely conducted as part of many on going clinical
studies. Recently Danish, Swedish and French investigators have confirmed positive PET
Brain Scans in the auditory cortex of tinnitus patients. It should be noted that the Brain Scans

of tinnitus patients may be conducted before, during or some time after the phase shift
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out put of the frequency generator as to tone and anplitude. [0042] Data
fromstep 1 is utilized in step 2 by the attending clinician or physician
t o gener awe oansappropri ate external sine wave treatnent tece/tsobstiantially
equal to the patient's tinnitus tone. Then, the generated treatnent tone
is tine-shifted through a plurality of successive substantially equal
predeterm ned step increnments totaling 180 degrees whereby the generated
wave formis brought through such sequential phase shifting into a series

of  Canpehd REuABE: 1B %e&rp@drhmlgté?&@toagairﬁgdd@ﬁ&ﬁ%bjea%eﬂahag tfe@inddot Q8 mnp W. th
t he patl ent's tinnitus tone duri ng a treat nent peri od or Zone, as Wi | be

furthetmndespatlebtzsd |n connection with Figs. 8 and 9 hereinafter. [0043] I n

pEr or Fund®Plal  KeiPesa e, S8 aG, S bl eliloiar pRles

curreng ﬁéne@lgﬁ%s antf’dlﬁ%ﬁlaté I HREntS Por gbﬂﬁaﬁpa]'t!%ﬁ’ tl‘&%{?{%hﬁﬁk h@ﬁ ﬁﬂsm nation

or degr reduction i1n th I tude e patl
t i nni tRefertingdo Bifgt BA, 4 Aestsedtiog oapmid #lasftths tiphiaseareatmdrtt recanting b@mm

treatnents These procedures are routipely conducte many on
goi ng PORItAY ich ke bl 1S the glaror JesEifIsEon of Reigrighaty EFCPJidg‘?‘c’ctﬁa‘ﬁiWest i gators

have GRALABRYLRAHES Y BETronBl 11 SN fo PR BLE0E Yo SORS 0fn L1 i tus

patients e note cans tinnitus pat|ents may
be conhkiimedcdieivhioh, adishommg irmreas&srfmm lafietoafghe on thedirehmsehs s Beginnihy a\O

03/ 051179 PCT/U802/40151 tlnnltus treatne eﬁi has been adm nistered to gain
addi t iPSHEB, ST eisshown gseriest supdixisians of aenes % spmelyiznhiZ-4s-2gat Thsfim@e [ 00441

Ref er r&u%oﬂ%\f’tﬁeosugh%or@%f zgge @??oerr?e%%?ﬁeﬁ Zé%lg C}ﬁné h{lﬂﬁ@ﬂ 8¢ eeagh c§§ﬁ%n(:t’§l of

ti me- sequence |1 ne graphs o I'ment's for applican

sel f - tphesetshiEfnbf alpakicdlar paeatls protoctf &¢ désagbédalioivg in Bdhnedtidnl wish Figecl i on or
zone #1 of the tinnitus treatnent recording begins at.  point A, which
pr ef e a2y thesumber of inpremental gels is selested by therattaneing rhivisian @r physisian 9§ 2t r ack

ﬁlcﬂ?&? g%t?en? ﬁpér?%ﬂgﬁgpﬂﬂt% ﬁl Nl t}tlé)t\f\)gdl %F:. th% m(-:l;glﬁeﬁtglss%ps%{lmstgar t

pOSItI on IS own as I e SscC ) ncreases from

| ef t taolenstght80alegides dudimeomy WhﬁentBeghélﬂloﬁgorﬁ Inlé@irﬁ%rr&i erhb&l’lmem§ shown a
series of supdivisions of zone #2, nanely 2- -2...2-n. The tine
dur at i38Rlcent haseusersefilly yiilierd 1aeremepial B?@S% @hlftésepé aéisixdsgiepewith pechdur at i on of

each incLaRRAt s@ép lasting a predetermined time, for example one minute. Applicant has
likewise achieved favorable patient responses utilizing a series of 20-degree incremental steps
with each incremental step lasting ten minutes. As shown in fig. 8A, the first patient
treatment recorded in zone #2 of the self-treatment disk 40 ends at t, and a subsequent or
repeated zone #1 treatment may extend from time t; to t3, etc.

[0045] Referring now to Fig. 8B, zone #1 may comprise the external tinnitus
treatment tone f] as determined in the patient self-testing procedure as described above. In
this embodiment, the phase shift treatment begins in zone #3 with a series of incremental
phase shifts of the patient treatment tone, with the incremental shifts graphically illustrated as
segments 3-1, 3-2...3-n. Another embodiment of applicant’s phase shift tinnitus treatment
may involve, for example, a series of nine incremental steps of 20-degree increments, with
each increment lasting ten minutes for a total treatment time of 90 minutes. As shown in Fig.
8B, the initial zone #3 treatment time may be followed by a second zone #3 treatment phase

identical to that immediately described above.
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phase shift of a particular patient's protocol. As described above in
connection with Figs. 1 and 2, the nunber of increnental steps is selected
by the atwendiosig7e!linician or physician for a particul ar Ppattisensoisn an
appropriate manner whereby the total of the increnental steps sumto at

| east a 180 degrees during one treatnent segnent or zone. In a preferred
enbodi nent, applicant has successfully utilized increnental phase shift
steps of six degrees with each incremental step lasting a predeterni ned
time, for ewposg)l e ARGh&WAU Big. @@Pc_{paﬁﬁzﬂiséfﬁ§eat1hb1k%k&ﬁa@§dihﬁ%%%§raV0r abl e
patient responses utilizing a series of 20-degree increnental steps wth
each inventermehtredimsniconesidiupinajed anirertmentaone ¥4 zohowh anchzdriedt6. 8ks the first
patien t.reat ment recorded in_zone, #2 of e.self-treatment di sk _ 40 ends
Dt 2 erer bR HR o (L ETESHIn VDB o o O BB R P SRy SR PER 9 fom 1§ o
t2 10 gafent® Bterdd) GiRitus8ASEABOLNRABA R dFdr TeteBBined SR gk BRYy HAMMIE Se the
external tinnitus treatment tone fl as determned in the patient

sel f - tedeptiony @rowwstia instramedasion.i thed vall begn nhost instinsese apbatiernéfiset, betweenphase
shift jreatngnt. begins in zone #3. wth eries of increnental hase

ahi 11 dGPAGTES Hatieons pLR SN eonain e PEE roRmERTAS Ser fDUS

gr aphiif akdotddrck Weth!BpBchn®S phSRIMEMiSnitis heatdicdt profsdd] a PARIPS tregiiRAd! Ment  of
applicant's phase shift tinnitus treatment may involve, for exanple, a
ser i egnayf barfaerel me seyemhtvals by theslinici(e dbiredesirad patiamn tregtment despodaesh
increnent |asti ten.m utesbfor a total t{leat nt time of 90 ninutes. As
shown S By Invobfs adjysting thequmgber ghmeremental phasg §pift §ieRs. dy2-Be ¥ Sr4-oned by a
secondo zoeyF AR RALIBRASE a pHASOIHiS 3bqubed Rk %I}Pﬂf gkl |gbed
above.” TAINS GaERn R wIae & DT s PRl ETR Ieg{ch%g_%%g{ﬂgb

pat i entlagenshift betweeretht exliesiallymynaate tinsitusareatmentivare I¢h and thatpadatt zones
illustrated as eat.ment, ne_#4, 70 #5 and zone #6. As described above,
in coﬁﬁ‘é‘g}lﬁﬂ’i‘e\ﬁé RS ﬁ}‘)@i‘gl.méo S §g’ aﬁd‘ng%c'si nce the instantaneous phase of a

pati ent' s ighennal ALLIL ol PRPHE HRGI S, TRARKELDAidISh BLALASHLYS ng
currently available electronic or acoustié¢ instrunentation, there will be,
i n nosdtave nehadiféesent dompisemd mdifysedry éfenae caudeh eF qrad brésftsis el bfimietlidsl t one and
t he ext er.nal I%/ %e erated p@ti ent treatpent tinnitus tone. Thus in

accor d4REEs HF3m %QHPIiaE%?rtre repge BwY dRibed tq the gbeecressasioraeed Pot ocol a

pati e%p&ﬁicﬁtri GEI083008. BRnfi@ e £ 90 1dowf “6la* féﬁi)ﬁﬁit@f f(rnhcﬁos%l inician to

obtain ‘desire pati enf treatnent responses.
individuals who suffer substantial medical disability from tinnitus any, even temporary, relief

can be very significant.

[0048] In the above cross-referenced application, Application No. 10/0/83,08 8,
patient clinical results from a 28 patient blind tinnitus single step 180-degree phase shift
treatment protocol study are reported. In that study, seven patients (25%) experienced
excellent results achieving more than 90% reduction in tinnitus loudness. 15 patients (more
than 54%) experienced either “Very Good” or “Good” results having achieved temporary
relief of at least a 50% reduction in tinnitus loudness. It is believed that utilizing the above-
described six-degree phase shift segments protocol, for example, with each segment having a
duration of at least one minute will achieve substantially improved results over the techniques
described in Application No. 10/083,088.

[0049] Referring now to Fig. 9, there is illustrated a logic block diagram for

generating and utilizing objective patient data regarding the efficacy of a particular patient’s
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This may involve adjusting the nunber of incremental phase shift steps,

e.g. 2-2...0or 3-2..., to achieve dimnution and ultinmately a phase shift
sequence wOalsilmy in a reciprocal canceling relationshi pChatSesenst he
externally generated tinnitus treatnent tone I(t) and the patient tinnitus
tone P(t) as shown in Figs. 3A, 3B and 3C. [0047] As is well known in the
medi cal arts, a tinnitus condition in humans nay have many different forns
and many, very different causes. For a brief survey of medical tinnitus

t r eat phde shift ﬁmﬁmgrt&auﬁ@ftg R inEbRIaRGOw R ofhiLaspbary ef sypent!Bigeenced US
Application No. 10/083,088. Wiile there is no knowmn "cure" for tinnitus,
for t Mgsknent puitedodual s who suffer substantial medical disability from
tinnitus a ven,t e r.ar relief can be very signific . [0048] In
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that utilizing the above- described six-degree phase shift segnents
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descr e foF eﬁﬁlﬁlipyec’éfl%rﬁ{ .to%@f%%@?g'ﬁ%?he[mﬁ@t]ls ?éﬂeglt‘? Ffﬂétyﬁ?)\f?vls TFig. 9,
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accordance wth, ot her. aspects of | icant's novel treatnent protocol.
[ 0050 IBERNS 0AR FHlfdiP At mFEoRcs PRI AFRSESS PrefFrablbrBraisdsigrahet her a

i nni tidss A 4 61 bais2tAR6GRAAL AR Ehet Qltet, RE1ITRADA LEHILEDSY, tﬂ@é@ftﬁn??i ft
treatnment. As stated above, nedi'cal sci edce cannot | n nost’ | nhstances
i dent siibjedtivelyededarmingd thdakoadnt tamls smcedmentalpathasndhifed throuighwsleagindutli on nor

descri t he pr.eci se. nechani sm or ., mechani sns. causi hg a
15)8 degree Ehl mna s1ngFe treatment session to thereby bring the extgrnally generated tone

into a reciprocal, wave-canceling relationship with the patient’s tinnitus tone.

[0052] Following the phase shift tinnitus treatment protocol as illustrated in block
76, the patient maybe subjected to a PET or MRI Brain Scan procedure to objectively
determine the effect of the phase shift treatment to reduce, minimize or eliminate the brain
activity in the auditory cortex normally associated with a patient’s tinnitus condition. It
should be noted that, as shown in Fig. 9 by the dotted lines from block 70 and block 72 to
block 76, it may be desirable in some instances to perform a Brain Scan both before and after
a patient has received a phase shift treatment. As shown in block 78, a medical review of the
Brain Scan data obtained either before and sometime after a patient receives a phase shift
tinnitus treatment may assist a clinician in altering or revising, at block 79, a phase shift
treatment protocol for individual patients. Whether any such adjustment is needed is
determined at block 77.

[0053]  As discussed above, there is currently no medical treatment for tinnitus
which “cures” a patient’s tinnitus condition permanently. Thus, while a particular mono-

frequency tinnitus patient experiences substantial reduction or temporary elimination of
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particular patient's tinnitus condition. [0051] As illustrated in block 72,
if a patient exhibits nono-frequency tinnitus which, for exanple is not

rel at ed twodsugliase, then the patient is asked to self typeThiSez/mas1
,tinnitus tone utilizing an externally generated tone froma sound
generator wherein the externally generated tone is manipulated to match
the subjectively determned patient's tinnitus tone. As stated above, the
patient's self-typing process is preferably repeated several tines, on a
bl i nd ' : : - TN E ' 74,
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treatment session to thereby hring t ext er nal nerated.tone_ into a
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As shown in block 78, a nedical review of the Brain Scan data obtai ned

ei t he"®¥BEBIBe and sonetime after a patient receives a phase shift tinnitus

t r eat ment SSi®h.: [ Ri.C] LN ' PR 9, a
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adj ustieprocess foree @datifent o1tk hae tkn deReiked, thodeQRBBH ifthedhaiidss apdl above,
there is currently no nmedical treatnent for tinnitus which "cures" a

pat i eAditory arnwilliecegien thatoihe gescrberbermbgdimenty gre illptrativg apd pdditionadr nono-

frequ i nni i [ r pal ' or.tenporary
elim ga 8%16%?5&1?%%%Sg%é%?%eb’%%@%ﬁ%i%ﬁyﬁ%gﬁ%emf 85 condi ti on
f ol | odepagtinfrénphd &dbe @ﬂth@Ipr@BﬁJﬂ iheaifibns et BRdiey ecthe felfRvid tlaimd. | nni t us
treatnent, the residual effect generally lasts only for a limted time, on
the order HI05Abur sTherpreepding degeription henbeeapresshted dply torillastfatamnidnst ances.

Thus, désr(]:%bél én%bg({imtelqgs o??ﬁv%%%i'or\{. 1t l%)srriiolt didd tg 8L Bxhaustive or to limit the
invention to any precise form disclosed. Many modifications and variations are possible in
light of the above teaching. It is intended that the scope of the invention be defined by the

following claims.
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may assist the clinician as shown in block 80, to classify a patient
self-treatnent status. As described above in connection with Figs. 4 and
5, in accwodaosda7ani t h anot her aspect of the present i nvemRCirarsp2/#0151
self-treatnent disk 40 nay be prepared during a clinical tinnitus treatnent
for certain qualifying patients thus enabling themto utilize a
self-treatnent disk in the convenience of their home as often as their
condition necessitates such followup treatnments. [0054] Wile a nunber of
alternative enbodi ments of applicant's novel apparatus and process for the
treatnment of tinnitus have been described, those skilled in the nedical and

audi t WHAL ISCRAIMEPdSogni ze that the descri bed enbodi ments are

illustrative and additional changes or nodifications of the described
preferred enbodi nents nmaybe nmade wi thout departing fromthe scope of the

present i H%Eﬁc%%f%m 286nd- @re&%cifﬁhhl%ﬁ%ﬁeﬁtls RbiPrisih® ORDdteptiog precedi ng

description has been presented only to illustrate and descrlbe enbodi nent s
of inventi cmablin,g dgash pattenttctmb;betlv@lyj dbternginh hisdter vignides tooe ralathB tdz e

i nvention an rreci se formdisclosed, Man ific n ariations
e pGXETHIR Rt GREY e T Mo SRS RSy Y 0P e Sthe scope
of th‘%m!n?ﬁ@i&hbon be defined by the following clains. 15 V\D 03/ 051179

PCT/ US02/ 40157 WHAT IS CLAIMED IS: 1. A process of treating nono-frequency
tinnitus papplyiigso tlongutiesi vig ah hedisttepsiuoér an emahaliyngenermtdl spand eave t 0

subj ecti vel det m_ne his/her tinnitus tone relative to an _externally
gen{erilﬁzélalg§ werﬁameﬁan%waé%ﬁﬁ TR gﬁ&“%‘ﬁ‘ﬁltf’?%&édas the
patient’s fﬂﬂ?%geéa&@ eﬁtexgﬁny g&%ﬁ%@gouhﬁ wae tIB%ﬁ glu‘fél aﬁpl%uae&lhé@nsducer

an external ner at e wayve avi ng su ntla the sane tone and
anpl i tauglldalamcﬁehmntsamhwrnaicte);ttémmlil}t gmetabaﬂes,ouaahdzavsmdpphergtosmdbmnter nal I'y

generated sound waye throug 0 edeterm ned_angul ar

i ncr e PEITOYAHTPEeSsA ANk P %SF|S§1fbr@}a?@Pa%émw§6f?ﬁ@ Werough said sicesiyet o sai d
patie r | pis effected
throu%&Hamggﬁgﬁ%%éggéggWE%ﬁ%rae??§R§?6a R@lg?ﬁﬁﬁépgﬁeﬁQ%hﬁﬁﬁﬂhreference to
a pr edeteetaliyrpederated twaxk foai thierebly cawsig at least a partial cancellation or reduction in

the amplitude of the patient’s tinnitus tone.

2. The process of claim 1 wherein the step of shifting comprises additional steps of
continuing said successive incremental shifting steps through a total of at least 180 degree
angﬁlar phase shift of said external sound wave thus causing both a series of partial amplitude
reductions and a reciprocal out-of-phase canceling relationship between the patient’s tinnitus

tone and said externally generated sound wave.

3. The process of claim 2 wherein each incremental angular phase shift step comprises a
succession of substantially identical step segments which are substantially identical in angular

displacement and in time duration.

4. The process of claim 2 including an additional step of having each patient maintain a
daily tinnitus diary of self-assessment data of the frequency and amplitude of said patient’s

tinnitus tone following completion of a patient’s tinnitus treatment.
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externally generated wave formthereby causing at |east a parti al

cancel lation or reduction in the anplitude of the patient's tinnitus tone.
2. The prwoesssuaf9claim 1l wherein the step of shifting comrpmritsey4@ddi ti onal
steps of continuing said successive incremental shifting steps through a
total of at |east 180 degree angular phase shift of said external sound
wave thus causing both a series of partial anplitude reductions and a

reci procal out of - phase canceling rel ati onship between the patient's

tinni tus 555&& patiedtBraff OCess of
cl ai mgz V\/nere n&g%c .iaﬁ“(%?)é‘;r?e ta ﬂ%arlllgagiagd%%ﬁ&ges% shi fokoﬁg{%eap conprises a
successdmprooddusetosteaatatcalbljactivel paiant dhtast emlpedhestbiss, wheffectinemess abstidint i al | y
identical in angular displacenent and in tinme duration. 4. The process of
clalnP%“WﬁBP@%Hé%?@%%ﬂﬁddltlonal step of having each patient maintain a
daily tinnitus diary of self-assessnent data of the frequency and anplitude
of said patient's tinnitus tone followi ng conpletion of a patient's

tinni gus t Maaproesss of L&iMO @difitside/h dﬂﬁiﬁidﬂSDﬂépQ@ﬂeﬂéctroﬁicaﬂmeeoprdmgasaéd of claim
2 conprising an additional step of perform ng a_patient Br

pr oc egitemnally seraiaed samdpy e \wés ﬁlé&cpemelsa@%aaeﬁlaﬂaﬁﬁw@% Plgfaé}m%p or

effe claim
2> conpiEiaa el andRin o RRphE trohi M T el RO [RNMeery ohIBE BAEERTREI

ext er gahitys tgeneemiseehdwanrd wave as it i s successively phase-shifted through
said plurality of predeterm ned angul ar increnments through at |east said
full 180 degree shift of said generated tinnitus treatnent sound wave. 7.

The oces f_cl f (4 atient
o port or mi"8 ik cBafL Rt At Q050 kb2l pERARI MRS | O
ext er Batlf YreQI@ At By fEying drecorimg of sfid phasershifed empmgztgaﬁefawﬂ sbmhwwng
nono-frequency tinnitus patients conprising: a'sound generator having

sel ect abl e frequency and anpli tude out put wave controls, an anplifier for
audi b a the f t tus patient
wher e% tE\ araﬁﬁ% g"ﬁﬁeg% %%@?%h??ﬂﬁ%% c‘)jlhﬁlrrlltlgtcusE)tlgm in Itoerms of
frequency @@duncﬁgﬁi’lleta&dtdﬁvmg%électable frequency and amplitude output wave controls,

an amplifier for audibly applying the output of said sound generator to a tinnitus patient
whereby the patient subjectively defines his/her tinnitus tone in terms of frequency and
amplitude, and

a phase shift network for incrementally shifting the generated output wave
subjectively selected by a patient to match said patient’s tinnitus tone and amplitude to
thereby achieve sound cancellation of said patient’s tinnitus tone by selectively shifting said
generated output wave form through a plurality of incremental segments totaling a 180 phase

shift relative to a predetermined starting point of said generated wave.
9. The apparatus of claim 8 wherein said phase shift network for generating a plurality of
successive angular increments comprises a manually selectable scale associated with said

sound generator.

10.  The apparatus of claim 8 wherein said phase shift network for generating a plurality of

successive angular.increments comprises an automatic sequencing switch.
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a phase shift network for incrementally shifting the generated output wave
subjectively selected by a patient to match said patient's tinnitus tone
and anpl iwoda/os1179 t her eby achi eve sound cancel | ati on of sa&Cd/ysat/Esnt' s
tinnitus tone by selectively shifting said generated output wave form
through a plurality of increnental segnments totaling a 180 phase shift
relative to a predetermned starting point of said generated wave. 9. The
apparatus of claim8 wherein said phase shift network for generating a

plurality ghe 15pasi8s of MSind R iAbndINCoRIRRING MUBNLAR Tecdrd@R Toleddn¥ratifih eCt abl e
scal e associated with saird sound generator. 10. The apparatus of claim8

wher ebnecvad df pihaenibisitfeptonat wevkas oid gepetreftspidgoan geneedtor iy sesfuentialiycessi ve
angul ar... increments conprises.an automatjc sequencing.switch. 17 MO

057 05 aiftst Reerileas) BTat ohy s p iRl EOGE Eha PR By
CO”WEé&dﬁgel?ﬂioﬁ'e%éﬂ’s%gbﬁsa[i&ﬁ?t‘iegl]?"s tihffugBREr ating a record of said tinnitus

treatnent wave as said outp sal d sound generator is sequentially
shifted through said plurality of predeterm ned angul ar phase shifts to

achi eve said reduction in cancel]atjon effects upon said patjent's

i nni £8s ¢ HE BB Ve RRPAFHEF GRS b RSFFIRSelst SO EAIon Hep e soyd Waey

gener af.ad, El&f‘&&ﬁﬂ#reﬁ%ﬂ{’a P cﬁﬁe%}ipﬁa&rsgl%treaﬁﬁﬁmﬁ&kbwaﬁd&eeoﬁ@al ent’s
shi S

clinical phase t treatnent where aid recorded treatnent sound
sequenesiment sovadacduentes dronvailable dousmbteqnent selfrtemtmen tisalsesdiypamnt pati ent .
13. The inproved apparatus of claim 11 wherein said record of a patient's
tinnitus treatnent sound sequence conprises an el ectronic nenory record

and agii tiqpa Iilln?ﬁr 99&%&% of BID ¥1 RESERS:aERRS d Bk gaﬁélﬁfstdrmhy

transferring sa patient’ s tinnitus treatnment soun sequence data to a
I enov abhteneliesouny .seduencd banpriges av eldctappaneiesy aiconl aidradditioaai)i dangriks vy
conprising an online _comrunication transmtter for. selectively

t r ans FERRITY gecsss wegtiprsplectively dansfgang saidnalisat’ sEapiys tsasahidinfdecord to a
r enot @edﬁl%ﬁ@et&a Qtovailt%n?o@aﬁlg%eﬁ% bl e communi cation |link. 15. A portable
e

el ectroni c audi o storage ne "for use with an audio record player, said
st orage nenber being programmed to facilitate self treatnent by a tinnitus
patient, said., programed self-treatnent record mnmenber conpri sing:

14.  The improved apparatus of claim 11 additionally comprising an online

communication transmitter for selectively transferring said patient’s tinnitus treatment sound

sequence record to a remote location via an addressable communication link.

15. A portable electronic audio storage member for use with an audio record player, said
storage member being programmed to facilitate self treatment by a tinnitus patient, said
programmed self-treatment record member comprising:

at least one audio recording track on a surface of said storage member, at least one
reset position on said recording track relative to a predetermined position of said track, and

a predetermined audio patient sequential phase shift treatment sequence of said patient
treatment sound waves recorded on said track to enable said patient to replay said sound
sequence in order to bring said recorded sound treatment sequence into a tone canceling
reciprocal wave form relationship with the patient’s tinnitus tone in order to diminish or

cancel the patient’s tinnitus tone amplitude of the patient’s tinnitus tone.
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at | east one audio recording track on a surface of said storage nenber, at
| east one reset position on said recording track relative to a

pr edet er mvoed/opage ti on of said track, and a predeterm nedPramdiSo2/pasi ent
sequenti al phase shift treatnment sequence of said patient treatnent sound
waves recorded on said track to enable said patient to replay said sound
sequence in order to bring said recorded sound treatnent sequence into a
tone canceling reciprocal wave formrelationship with the patient's

tinni thés t die patiemntibaitug teainehistahgomembarsfaiaiin e fiticdally Sorhpriving &S t one
anplihﬁde_of th& patjient's tinnitus tone. 18 WD 03/051179 PCIT/ US02/ 40151
16. THdwpliviof sdiojiyask seund; zomss hereinsesh Hadk sangibes o defingdselpctebleagtipnti onal | y
conpr i:si | lity of audio track sound zones wherein each track zone
has atggﬁgﬁgémﬁg#%%table patient treatnent sequence. 17. The patient
tinnitus treatment storage nmenber of claim 16 additionally conprising a
synchroni zed timng control to ensure each track sequence is substantially
equal §’n and@ipatentimaias geatmentgieragamember of glaim; Wraddit®nalty eomprisiess of

claim el N f A rises the st of .definin each
anglul as§np cgl{s}gédrs}hé?% Céiélggrrletﬁte@%% g%%lrs}?dé{%? ?(Ejlelfl?/e %5&%%% laﬁgéﬂléaigl %féu%ggl ar
shi ft phast shift asteini thee éaaliosubsequent segnent equal to at |east one mnute

of duration. 19. The apparatus of claim8 wherein said phase shift network
additionally conprises a calibration control to define each angul ar phase

shift gequ .ant i al | ual degrees of anqul ar ift relative
fo a prodetirm s BETHE S Wi B sRu o e BN B s Pl bt ik "t he
dur at ieath &fgubaphaseebifesgnicat BB @M al1Gll¥al Sdiatecdbf hRR%: sRRGAIHUt € in
duration. 20. The process of claim2 where the step of shifting conprises

cr eat idsfneeaghsnbseanens segreent sl to sidepsbonesmimne ofduwatipn. ar phase shifts in
the order of six degrees to 30 degrees and each segnent has a tine
duration in the order of one mnute to 20 m nutes. 19

19.  The apparatus of claim 8 wherein said phase shift network additionally comprises a
calibration control to define each angular phase shift sequence to substantially equal 6 degrees
of angular shift relative to a predetermined point of said generated wave form and to define

the duration of each segment to substantially equal at least one minute in duration.
20.  The process of claim 2 where the step of shifting comprises creating sequential phase

shift segments having angular phase shifts in the order of six degrees to 30 degrees and each

segment has a time duration in the order of one minute to 20 minutes.
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