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A METHOD OF | NFRARED TOMOGRAPHY, ACTI VE AND PASSI VE,

FOR EARLI ER DI AGNOSI S OF BREAST CANCER FI ELD AND
WEBAOKGRBJND OF THE | NVENTI ON The present i nvenp¢DIL2006/001139

relates to a non-invasive nethod and device to

i dentify anomal ous structures inside living tissue.

More specifically the present invention relates to a

nmet hod and device for non-intrusive detection and

anrgE i et RRePL eI 8Phon 00T AN ARG baruier
anal yses of | nfygceOsapbRaE sbealschrsed on

integral and spectral reginmes for detection and
i magi ng Ieadlng to earlier warning and treatnent of
[ )

%Eaghgﬁgﬁggﬁﬁgordlng to current
nly biopsied to
Théj ?fe@ 1H@en&1%ﬁ ' rélfa%@ % lésn %Qigﬁ}eeﬁetﬂeﬂ GnARBYicORY | RUSSy anomalous

vant ages: firstl |opS|es require intrusive
structuresrmeidd liofhgttisssdaorh apecuﬁcralllyethqn pienéni linemtior xgates tove method and

device T aﬂli-lé%i\f%#%ﬁgp%ﬁnﬁ atian o CLREH (FoioB® BB pegieulatly of
breast |>err 2 Ed"g%sgfve%d ﬁbe o‘f PRt %ﬂhc&leﬁééals based on

y sanpl es rrus e store
integral raﬂsmbtrﬂd rdgcnmas Ifab detattiory ahdrimeginer teading| 4os arlier warming and

St or.age aarj ransportation increase the cost,
treatmer{ of paeBRAlbangEOEs BMdGASt hat sanples will be
|
Acé[}lrgfﬂg g gﬁlﬁﬁt&ﬁ%ﬁ%%ﬁ%l&ﬁ# lrgs;i%%sl %IQ %8 it ﬁﬁéﬁll?o detcrrmne their

status. dhbmeslﬂmemm{)abb\emﬂlmivamgéso tfilr oy lmppmesqwqmes 1ntru51ve removal

inging the patient back to the doctor for
of tlssg%&q%&an PP oh G Bt e N GriAE i PBPGE Sights can be

blopsmfaafnt s%sgllaﬁ da‘iﬂ R %rF Giof 1Rl ttlaaﬁutclﬁ)n{w?tﬁt Mfrgg% nﬁrﬁber of such

se W prece de to a poi nt o
expenswd paﬁftﬂlhbﬂs Futtieln@ oD ibiopsy hempkis trnig e stored :Erﬁl.l&&ﬁsported to a
gnificant anxiety to the patient, Finally
laboraipp; &rppeies: peAlyDY MPEgsiaed g@sa%%}qwlrﬁgﬁaﬁ? ¢heo§epinereases the

poss1b%?flﬂ}v1a§ 's&mB eg ﬁ' 15159 gggx%&lg@tdeg&o ldbé e];égt! Vfid A8 WakiSes a significant

uous 1n ns S

time delay ef ﬁé@ﬁ\&hg @ébultﬁ'h?me ftﬁiife delay nivads clalt egivagaden Solidver® requires
IS gr eat interest in safe, non-intrusive detectlon
bringingehp pefiesy baek tofhe dpeion &F pyeparsie sersiosadhisdroreast e inconvenience

to the gﬁw%‘? rtthég % e%dst%gsfﬁkttﬂﬁt 9%}(,? lV‘ﬂP%e %#ﬁ‘@r%h@?gefsg%ﬁeprecede toa

font tori Ny |

point dﬁfe@fgeu@tmcﬂ@ UEurthBfreetg htheamluﬁgepsmcemsegmgfﬁlﬁem dngiety to the
nevertheless, a limt to the anmount of  tine, noney_or
patient; r‘ﬁ;@acllye rntsretatingt Ofab@ﬁélp% a# [upuslisa by hipiqsescopist am%ysw producing

e edi c t | n r n
L8405 Ry UL R FERE B LRSS B,
Th&@f@@@rmuﬁle&iégp Bgabds didié ¢ %EHat ahtered Y AR Sioh-iifliséve detection
from beni gn conditions qui cklc\/ I nexpensi vel y and
technokegfas| particularly, in the case of cancer. Cancer is a disease that develops slowly and
can be prevented by monitoring lesions with potential to become cancerous through routine
screening. There is, nevertheless, a limit to the amount of time, money or inconvenience that a
basically healthy patient is willing to dedicate to routine screening procedures. Therefore,
screening must be able to reliably identify dangerous tumors and differentiate dangerous
tumors from benign conditions quickly, inexpensively and safely.
There are many methods for spectral analysis and imaging of tissue anomalies using active

regimes, which are widely known. These methods include optical spectral and thermal
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There are many nethods for spectral analysis and

i magi ng of tissue anonalies using active regines,
waokiochsEse wi dely known. These net hods i ncl udePOp1L20@1/001139

spectral and thermalinmaging nethods in the visible

(M'S) and infrared (ER ) wavebands, as well as

el ect romagnetic nicrowave, atoustic, magnetic

resonance inmaging (MRl), magnetic resonance spectrum

SR BRTENS T K TAP e o N L A—
: ect i oF S Ss: ( [
oSSR, Dha USRS ML P RUROR gl fonae e

(MRS)26@#afidlet (UV) Bnd XBragmetBodsisedfoe peampld Fear) E. Rapaid/ka A. Stuchly,
. and S Mjewski, "Evaluation of a_.hjgh resolution..
erory@&%g?te%t#@ﬂc& Brsastipiars canigen of SRR alegtitgys', SPIE,
t.ecvhppiaf, br er" wihNuclear SMai :
R
“Evalu@ndsf, 3 hiehr myoltifbah rievbast) ypeoifid, cimal af$el b @ rviavs gdmma camera for the

.sucgessfully for detection of a l.ies.inside the
detectiqn, i FreBeicAksthe Supivar itiegty w0 Metiogs i Hwaigs Rggearch, vol. A
riiep_ et ecti on of cancer due to the dangerous
497, 2@%@:’?2 %ﬂ X-ray radiation on human- heal t h.

X-rRatdchralbgy, whish hayscenarnsnd sudvesstighdfof detedii@gndatdnsaiesfinside the
patients who need intensi veeci gexa j.nat.i on_ over

human-hedy tsincentae F;@Flyo@gs_, it syted Aok prlehEetaeiing Ssicggc’er due to the

s 438 W, 450 9000 PRCHRIS ol v

diagnostica gf psiientsobhdnedshteasine esexainatiamoesrahertitimss parodar e
of ten of m croscopic dinensions (on {he order of ..
Aconstie iy msthndolngisse Tdtieh gy Uil etreten Il dBcbERppside the
human%g ,' eﬁig g{sbfn' ﬁ%ff&tiyesfor%faﬂg‘fiﬁ 6§i$ oﬁﬁegﬁﬁlé&pﬁﬁgaﬁéﬁus lesions
1M t%ed 0 "det ect | ng struttures larger than the
are ofte@\o€|reio@isborat démemydoran(dnhtheosrdar o iniltiamdtéyairemiyometers), which
M crowave detection of tunors is based on the contr

cannotjhg defestedandi ideniHisddit pesoiconsbic rpgthogivaRehatedipited & detecting
L ! ! _ . J
structufgs JHG hay eggﬁg@%ﬁ«&%%ggagly%{ 03 oftef oY ELkinfiR0R] | Cat ©

ufan m crowave radi ati on,

Misbivee dayctivavs tdangek Gaseded! Setcontrisytih esl¢mte properties of normal
m crowave Si g/gal s have_wavel ength froma few nmto a
and anpmalonstissipy Mieioukye echnelpsing sesveen AomBPLiGaiRhand spdisigthe human
SLruct ur o4 [ hal 0 .
oy SHERLES e TR S Db U Bl migrovave

signals€dvieYwSalG@th GoadAofws ninBrit Gh fevikcm, eindafherefdle vialcoppmmrt cannot
) ~of X-ray and extrene ultraviolet (E opti cal devices
identify emallistigettiess iwith disenctersafrhaemmaey bﬁ-%@h@a@méh@% on the half mm

surface applications”. Surfa nd.l nt er.f ac .
seae, RGBS Gupec i G AR B o R gmeg g Xorow
and exYEiRg uRFQWISEERNAL @fticE] deVR@s Forl dlaghakfidsiing ipstai@ntation for various
enabling tissue characterization. Contrast enhanced MR

surfacesappticasionk a var/Bedednd biantice dnpk vok 7.u199PnPr-R86d48linosi s
Ma%%?t}%géth?ésg{ﬁ%g allacgm[iig S&ﬁ%@g%ﬁé@}n}@ %’Irll%?ge% rfrq niluritiple planes enabling
tissue characterization. Contrast enhanced MR studies have been found to be useful in the
diagnosis of small tumors in dense breast tissue and in differentiating benign anomalies from
malignant ones [U. Sharma, V. Kumar and N. R. Jagannathan, “Role of magnetic resonance
imaging (MRI), MR spectroscopy (MRS) and other imaging modalities in breast cancer”,
National Academy Science Letters-India, vol.27, No.11-12, pp.373-85, 2004]. In vivo MRS
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mal i gnant ones [U. Sharma, V. Kumar and N. R
Jagannat han, "Rol e of magnetic resonance i mging

W@ MRIPS0SR spect roscopy (I\/RS) and ot her i nmagi NBCT/IL2006/001139
nodalities in breast cancer”, National Acadeny Science
Letters-India, vol.27, No. 11. 12, pr.373-85, 2004]. In
vi vo MRShas been used to ass%ss t he bi ochem cal status
of normal and di seased tissues. These MR rret hods are

s e DS R o R e e v

methocﬁ‘ 4k Qfei;}a'e%efn'sﬁf@tdnﬁr@nn@gﬁl'v@% diEh @S beRtecHdahSifdrnaBN and benign
dentification and di agnosi s of internal abnornalities

cond1t1bm/cmdtmei’u deiepl nisdb-calcificdi@onst o avoi d t he above

Opfcst gtk 20 deetiep: FenliioR Gl Listong of SRt npraties have
been ag d €91 78S toT Bfoifli thet atlove CALARAnGER bNiRALR HRPLER and their

detection, hi the integral regife, the spatia
interprefatiam. | Gpitdab mettioda csangwablassﬁecbasqrtw teginpdst dihe first is called the

) 'nforrmt na.bou eS|n operties .(l.ike . . .
inegre] FrggoF O B b HC B oSS DRPE PO of 2 signal i
measurB@YH IMdif SnfoSh¥RED a&ﬁﬁ %Engégqm B 80 (’Iﬁ{en&mp-gpﬁlre or chemical
second reginme is called the spectral regine. 'In e
contentpebich atark égi brepdaréditatwen ronhehaiomabmisalogmamsad he e@bond regime

vari ous fre uenc nds. The spectr ne.is useful
s call e, WerTAI SOG4 IR O SSPUEH (7 0k GHATI WS YR S thossured in
various ﬂécﬁi; beﬁf&s aﬁ%’sﬁoe&@ﬁ rEQN6S ROHH 138 idepli HBRIM & sp&ifit Qﬁ‘omahes
he frequency donain. Previous art optl cal
based maﬂfuanatmm aﬂ:fout theecoredspondisg Esigmatimal ef tho asehalyen the frequency
illumnation with light in the near infrared NIR
domaithyayepand. The reason that NIR light is preferred is
Pre@ﬁﬁ?ﬁﬁ% 't\fkﬁ vh@fiod Sf ﬁl@érﬁ?lat&gué\!s%agéﬁbﬁﬁét% iRGRGIHBh &ith light

In tissue and allows non-intrusive detection
in the maonﬁ}amdsN IRntvevebahd . sEhreuressondkat N\]vaght ieeprefesred ad becafise NIR light

the de nown techni t I
is safe N g%%t@lfan BAneHAlep >}3|§ *?ys ;ﬂl%ﬁ C}{{;ﬂ%ﬁ a]:k%gb p{;@n—?%_gl‘;gve detection
d f !
e B\ L P B s e
optical dmagiap, @itealypscrs andlpss fdndahasméirhaging hod dltmdbastegbsmnd are not

illumnation of the suspected area with a U lig
fully appsepréate Hi deetiarandddeniiicatien of brspd sansse én%@@ewrmwrwrs

Théd ﬁﬁo{ggc@a\y NG SasdBbh Qﬁﬁlﬂin[ahgﬁ'%? $né ApPGed %eé%t With&dUV light
ue to di

erences I n auto uor escence spec ra
source b.ﬁﬂm&ﬁtlﬂlﬁ) bfidhe flu@sstenen sbecanmemouhs NIR$GI8erdn¥e. Iakgnant tumors
Intes and B. Chance, "Devel opnent of

can be Hﬁ@rﬁlfseér@aettpﬂlffsrea@é rprute flaereptenes BRECER ST FRRGIpRal tissue and
|
cocer 2455 167 CHBLLY SACHL B2CHRAL 0D PUGARY ahah engivity pea

infrare@ @lﬂﬂesceﬁcma)gm@ dedte fruailpandst defebtica e Bi@naticdl distrumentation
early cancer detection is that auto fluorescence of

& Technplesst 691539 é\i@ bn@? Pr-8autds ] aAvipaikr BropHam ugpgrulp {persscence for
early c%ﬁlcebg %%c n 1s CO ouné?eg@%x% %% c%gc%gou%rlgmgﬁg ﬁr%ghé/es a weak signal

over a wide Waveband 1nclud1ng wavelengths that are strongly dispersed and confounded by

other signals from various chemicals found in human tissue. Due to this dispersion, auto
flourescence imaging does produce a clear focused image of a specific anomaly. Also
detection of weak auto flourescence signals is very expensive.

In order to produce stronger, sharper NIR fluorescence images, Licha et al. 2006 [US
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ot her signals fromvarious chem cals found in human
tissue. Due to this dispersion, auto flourescence

w0 pmgiosigedoes produce a cl ear focused i mage of PEI/IL2006/001139
speci fic anomaly. Al so detection of weak auto
fl ourescence signals is very expensive. In order to
produce stronger, sharper NI‘R | uorescence i mages,
Licha et al. 2006 [USpatent 7025949] have suggested

poen. SR, LB T8E Af roP B S Do e

engmeatré:dS su MaeitPicesieRfes an Thi@RehsN@she Wn@ @F&ﬂuﬁéé«l@ 266L AgCow band
ignal that can nore easily and npre precisely be

ﬂuores@ep@ sigedl thadcanoveateedsilyranel m@ee peciggla detetectrgvangd gcated. The use
advant age ere €S, are expensi,
of yesigs PRUPHD ABARIBET FRE o By AR s PRt RO L gierRp ey Biing dre
into a pRR&ht!i 8 GRMLRRI BAtincohMEiGTt OT oref0fd, ipBAdiEs AleQikkiykdlr¥sidt@he injection
resist the injection of dyes for routine di agnostic
ofdwxﬁbnmedu¢és%nﬁﬁepph@d@nsn1gratlon met hod i s anot her

SRR B L S B RSF M St o
measur[tfgdch@%é?)?ptﬁﬂl Qfdes@&{erﬁlg%% el Shablendihs of NIFEradi@IonbSi breast tissue
Jakubowski, D. Hsianq, J . Butler and B. J.

[Shah, 'N,oAchr @en‘uspéa iJakubpayskia D). dsiaida Joﬁulﬂ@taandaBdJ Tromberq, “Spatial

variati ygﬁﬁ%glpq °q cbppilg%o @ng p?{pgpt?e‘a;loﬁp )ﬁ'@aﬁ %%easﬁ%%%uee”’ Journal of

Blomec39a15§ﬂf1éso]vol PH.oi8.3M2904t bﬁ’ 83418 Euﬂ‘lﬁﬂ@ HhiSratoh MWeasurements allow
det erm nati on of oxy and deoxy henoglobin, |i pid and

determinatien of anxyemtdr d@qxarhelmgmbamt kit saridcwalief feeneentratéor. fCharacteristic

t hese _concentration heal di sea
differeioeg S 4o AP RGP BENGHTH TRAIo R FSeRB0 JSr R Acae a lesion. Al
of the ta nNﬁ@ QScHARAME F&uEéREDEHN G %e%ﬁﬂ(ﬂ@éﬁ%’ dbRctdFiR6A migration and

ton migration and scattering. Furthernore, none of
scattermg eFthmetdw adoé ofjihesNIRamethoflblogiss tqaatdéf@emmhew%n mahgnant

I, (L N T TR U0 —

. requiring invasive
“Oﬂytg?r egﬁ?ﬁl\é@f r r%w air}%%r%lggliig% infrared (MR

Namew hbatal ogédisnf mfraeadal(lyﬁRhgnahddadbgsslfbylamglyzmg and classifying

pat hol Qqgi es i ncl ude Raman sp ctro p .
patholgifsedP Yo RS PFEEEBHIC S ?afaﬁ‘@awpe Espectroscopic

diagnoSFRy r(bﬁ[edt Fn@ﬂ%fé gfa\jﬂ\%ftbﬂﬁ flﬁgﬁgd S &%E?}Z}% PYIR)FWI@K_’ chi‘hbé’ Rombined

can er optic hni qués
with ﬁﬁierb@me Mmmles @aﬂerbﬁbﬁmmml\/@anmmmdwavé&mﬁhod FEW) [Afanasyeva

Af anasyeva, Kol yakov, V. Letokho et .al
N, . KohGBsat Loiokhinstals opioBlr obseres: SVHHES Bl chtrgeent wave

e S ol 8 N.. S.
Fr RIS p g S, 0t e3P arkilve v,
Kolyaket, §l Letohbov rétaal'%nﬂivagmdtagnastmﬁ oﬁ hnman tisasu® viw", SPIE, vol.
SPIE, vol. 3195, 1997, pp.. 314- 322 Afanasyeva

3195, {997 pi. Aldr 12 eMRmsy S, R Yaidobslimkay 8. Koglsers o ol "Spectral
dlagnogt 630??%}81@%%858%?{3 il ,oﬁég %ﬁ%@%ﬁf&%{ﬁgg@%@%ﬂﬁd*,'ﬁe‘b@ft?gf Academy
of Science of USSR, vol. 356, 1997, pp. 118-121; Afanasyeva, N., S. Kolyakov, V. Letokhov,
and V. Golovkina, "Diagnostics of cancer tissues by fiber optic evanescent wave Fourier
transform IR (FEW-FTIR) spectroscopy”, SPIE, vol. 2979, 1997, pp. 478-486; Bruch, R., S.
Sukuta, N. I. Afanasyeva, et al., "Fourier transform infrared evanescent wave (FTIR-FEW)

spectroscopy of tissues", SPIE, vol. 2970, 1997, pp. 408-415; Sukuta, S., and R. Bruch,
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of Science of USSR, vol. 356, 1997, pp. 118-121,
Af anasyeva, N., S. Kol yakov, V. Letokhov, and V.
w@doowsisea, " Di agnostics of cancer tissues by PCDHEI2006/001139
opti c evanescent wave Fourier transformI|R (FEWFTIR)
spectroscopy", SPIE, vol. 2979, 1997, pp. 478-486;
Bruch, R, S. Sukuta, N |. Afanasyeva, et al.,
“"Fourier transforminfrared evanescent wave (FTI R- FEW
" d 0 folissu SP| = 2970
Factof, BEAYAE B Ao FOURS Wharor ane ok 3806, ot pyiop S OofR-FEW)
spectrat amzsats il SurdeR) ahd MYBEOKWVEN 20ENE em%@vl@p 308y 90 R B eva, N.,
(FTLR-FEW spectra", Lasers in Sur and Medi ci ne,
L. Welges R. ,B@uchmt ab, "I‘itgggrou@ ppplgatoEel fg hcfra:ﬁgy@aaescmt wave Fourier

l#:[l]R rrer Qu at.i o of,

tranSfo%{]\f gﬁa&%% RFCE%gV ANRS %é?&o\s/\&\? b %roﬂ’}bs‘é'isfa ?lnqqaﬁi§par%PJE vol.

3753, 198V HIOR) 019 PERéses ek ke § WRKHH s’i\k@trﬁt\bézk%bh!ﬁ@' in the medium
anal ysis", SPIE, vol 753, 1999, pp. 90-101]. These

infrared gaytgni Q@g\s frome 3&5 pan erfr@pekﬁ-lﬁhlumDa{/@bmhsﬂqon Vhe. Lerman, A.

Kryuko%?tI ! e%gécat{]?%copx(fgigy ﬂi@(%ﬂ%gm O{}s’c{cré'g @g&g voéi 2631,

1995)). Me?e fnhﬁ‘@ﬁv BRACIN GREQRAY o0 Effé@ti% Bl aiffyaiia¥ife normal tissue from
di agnostics", SPIE, vol. 2631, 1995]). These narrow

abnormahm:@sueR Moetbdessarteing fisiteivie measutérhées arft hatdw dand IR these

e . from.abnor ti ssue. hel es
methods e‘faﬂﬂ"tl iR Retitt 5 RO BHF S PO It cPRMippssand carly
cancer PREMSES af@ AR ot A8LEHe &V@Bﬁlﬁerﬁ'otffl@sﬁ&ﬂcfﬁﬁlw. lB@ﬁl & Pl%cancerous to
non- pat hol ogi ¢ conditions and early cancer ecursors
malignambd cannot trace the devel opment of | esi ons f rom

b cancero nant . Curren r
Curfigh A i e BB AR BBt St SB4TH ABBRAIR. cameras to
producd bdiGr GRARE AT Jabhdlb A GRomaALiQ bdsg@gﬁsthﬁéreﬁéé le\/??\oérinﬁfssmn from

anonual i es based on difference In em ssi on
normal resdnedncemds ¢iasesr dheset msthods hadih ebsm msétgneaﬂsvdmaa/m detesting and

reat v i,n detecting gnd identifying cancer an
identinen SRR b ¢ St carigee ¢?e% aﬂ%mp% BRI CRgar jor figh tumors,
B,
.l 9 oS LS L8 i
asymmasy ofiehe yanderdusetissan csenuomme shaeyd) Hordeingr of mb&ceh&us tissue
rder.i ngﬁg{%erthe cancerous tissue structure; col or

StfucturSf ¢} ReloE SERCTIUSSHREUS ST @ dyneasieanoif dh% CRICeEQye tissue

structuré GFERSHELSHRE! LRGN EEHIIEBINRY e adBSRE JFRLAOHS 1 Q1S such
not applicable to t tion ernal '1'es

as breass patvtens breast cancer. FLI R camer as, det ect of phot ons

adi ated .by the human hody, as a “bl ack body", the
FLIR S5 d?tPGrﬁfwft%onfsraﬁweétheﬂlﬁéw@an@d% PS @h b&q@k body‘ at the

Waveba\%gglle%{ gg @hgr e1s a%ﬁﬁﬁg %g@sﬂga r om S%ecr%lﬁb%&uman body is

maxim@B)s Ih ki i wnebiay ithére Sk &l loflbf hei¥P §Fon bakdrOurld 6bstBShs having
body, i.e., from280 Kto 320 K. Such background noi se
similar temperature to the human body, i.e., from 280 K to 320 K. Such background noise

makes it impossible, using current technology, to reliably identify weak attenuated passive
signals from internal lesions.

The use of thermo cameras, which measure heat flows from human body as a "thermal
waves" in the 2 to 5 pm waveband, has the similar drawbacks to those mentioned above for
FLIR cameras. Despite the fact that the thermal cameras detect a shorter wavelength band

corresponding to higher temperatures (from 350 X to 400 K) than that detected by a FLIR, and
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makes it inpossible, using current technol ogy, to

reliably identify weak attenuated passive signals from
WO paogosisb7 | esi ons. The use of therno cameras, IiI/0I2006/001139

measure heat flows from human body as a "thernma

waves" in the 2 to 5 nmwaveband, has the simlar

dr awbacks to those nentioned®above for FLIR caneras.

Despite the fact that the thernal canmeras detect a

shoyter, wavel engt h band corres diing to hj gher
therefofsa g4t GBS FGIRIZSHORETY BUSBEN RY PHAROPH Ao o (erfeless the
total inBhsly Ef—#ﬁsw? e BE B8P Bernid 9 aBd 120 ARRI RSmaBnddMody in the 2 to 5

seriously affected by background noi se. Nevert hel éss
pum watéteantl ¢ &lo snidletoSiet detaftedpafsesiattentaibadl ibedyehinghtéssnaior lesions at

waves radiated from human body in the 2 to 5 nm
depths phpepathan fV B9 smal | to be detected after attenuation

. . ; ¢ - h
oSy SOl Bt UE o for R ORI ccERNT BB p e gn FTIR.

FEW, pedsimed ilvhdingl efadIIRMs ¢vhetisd carhaag)dwhithFBvRbe&EW groat value in

thermal imaging with FELIR s or thermal cangras) )
detecting\FIih cAREFE HBR bsrusgd def defesting braastrepertiat aglepily ¢f a centimeter or

more b%ﬁ%aglgfr%e %l?lqg&éf%%fe ﬁ#réstﬁglg fangepﬁletﬂ?eC Al rﬁ?z%téiogﬁ?%ﬁgitya&ue to the

nore beneat
slight reirthidE Brcredbe Bleparat@ptolf turhtie conparedse thealddi tidsiiofon the order of
intensity due to the slight naturally increase in

0.1°K) ieghly attenuatestand e Aetoetapts aH Bporsnendh pYAHpblg 188Hemeeh
g e 8 el P el B RSP S A BRbons o e,

non-invd¥8leanétBodologdydte| detdee anbyidezefy paseibgiolesioanand parvionlbtedly cancer
hi ghl y advant ageous to have, a non-invasive, . .

precursest HEISPEYSE & viranEaetan i Tieatissg. bha pireaginyeniéq Bhsthis need
and. parti cu r IrsQr .

by eoIGHRERENSLbrL LY, GAMGETLBLEGH 381 SePle Bl e e

radiatior¥eedncadus tibdus, 4shivdll RegdifiyergiaPineyduRgtodigipryee sensitivity to subtle

] preferentially heating based on the preferenti al .
differentss oinpiniesmity fof MVIER r eraission o hhisyenhapesdr hgrmel; safeast gad improved

.well.as a differ i al dre ol mrove;:Sensi ity
snsi{f) b3y Bt SRERAL SonRRTHEE of M YR Bl vond hes
generatlbh Sthe RaN CRgkateastRl ofC aifferast formd oMENRD and stages of cancer

sensitivity allows precise spectral quantification of

developinantg dbetefore itliphpreatrs dnpanition dssdpsaear cyEpmelt eapitive gen-invasive

e.characteristi,c.of different for f. |l iLORNS . .
methof SRR ThbEh hotier bRt Sl 5 pBV pk AP LG AT Shomatis.
In AN ERE dHcHBEPBES watheQNkfErOAR]] Ynedits] ddn¥@st, is used to differentiate
non-i nvasi ve nethod to differentiate in-vivo between

betweenotheraorradl] dedls and celds vgthhparhalggipaltanemelipt il amgagel rwgime and a

i__enbodi nent s schi bed.. bel ow. the different. .
spectralssSiEcs! BONFasP i haebairh ChicRErE Rt PSR Ve Cgugaey band is
taken ihi¥eacBQUHTRh tHeShleprad iékimBlth Setbbitdlehiah ARl ehsals B PBBibE Size and

in an integral regime and a spectral reginme of

shape efithb Jesion, Fgaencyl degenrdenthof the wowtast distrnagnitude end s wignare used

frequency band i.s taken intp ac nt_Ln the .integral.. .
to assep GO SBr BR e PO oM A A G T o rpREe B i issue with
pathol Sdi&H afilalies. Combined together, both regimes allow precise diagnostics of tissue

anomalies and facilitate earlier warning of cancerous and precancerous conditions. As a non-
invasive method, the proposed invention reduces the cost, discomfort and danger of cancer

screening.
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shape of the lesion. Frequency dependence of the
contrast, its magnitude and its sign are used to
w@s®ensosgascul ar and netabolic activity, whi chPEr/BE.2006/001139
different for normal tissue and tissue with
pat hol ogi cal anomal i es. Conbi ned together, both
regi nes all ow precise di agno73t| cs of tissue anonalies
and faC| litate earlier warning of cancerous and
Qns. As a non invasive nethod, the
5 i ‘ duces the cost, disconfort and
The Q&ﬁ{ mefent?&P@ %rnoﬁq{l%{verlﬁeﬁme\% tbHEerltiYy E’aﬂib%cal lesions
e present Invention Is a non-invasive mnethod
inside ofdisingetissnei Mierd sfeyifipallhtlequeseat 1ﬂvelsmmlat¢ssuodaemoﬂlod and device
for nony g B G T R OGN %%Léf@sﬁ et KagR o ey GRS and bancers
(namelg &t &ﬁ{&e@ﬁ‘)g dofpiiclal el ?2%91 Ql'rygés%'f%%a-l‘é ic8f s1g11als based
unors, lesions and cance name breast cancer)
on mtegmirba'lﬂeslpmtra] vafimpess Sorv deiactajnyaed; mfagmgf leading deaolpdri Waxlmng and
&({ sed on int egr al and spectral regines for
treatmeagq Ear éiﬁang%}&iqqa f188%i ng earlier warning and

! E GRAdiit i RORded -intru
ACCS}\ ﬁ‘é ggrﬁw ?%aciﬁgg%? tﬂ%‘ﬁgs Ogl% Iﬁﬁ&pr esent i nveeﬁt |aor}1On infrusive
methodt fmerléentﬂ?ymgmni geghaAdousodorhaih runeley ehemeih aul af wgion of a pat1ent The

i denti f nomal ous donmi n_under t e s
methodyigglndes éﬁ gep 2 g the S0oRRAABHIPTHR Y Hé Sé%eﬁéleelrﬂhy tissue
QR i@t | 8 d
and melSRigd f%@%éﬁf; B8 15 8 TRLBaRAS B 0Bk 1 Y Bfmpins increase
temperitiie Braeallpofbetipisateddike frmpnidieusdimmdinés detarteidsset on a result of
tenperature as a result of being heated. The anonal ous
the meagBBgn i s det ect ed based on a result of the neasuring.
tor t
AcdBRBEL % M |oaohilfs SCRE Tl Brehilh, FASE IO bieh BRI detector to
reveal a’ﬂaﬁl@hﬂu&s domminnundatiarskin sk negibn afreegitient. dfheadetector includes a
patient. The detector includes a |lanp for exposing the

lamp fog|exROHRE fh?ékkfe‘gﬁ thp rezp VRV gpdiati oon heatigg ithesstome Particularly, the
MIR r%%ig%{ogln Jﬁge%ﬁiaﬁ 1%5453/ etarﬂSmMo%% rc?og}xa?lté C?ﬁbr Bgt%fzt% %Itﬁé?|1h¥1udes a

I"'ous domail n urt
timer fon@lrbigi@Soff tiid Ngip hfvdr 4 predetegnibed ﬁehedloﬁmpaiﬁ'@rﬂa: detector also
predet erm ned period of exposure The detector als
includef gcMiBessngorMoRsapEBIE 3 sadisonsemitieg fEom 4be aegiom after the lamp is
turned %ptted fromthe region after the lanp is turned off.
cording to further features in preferred enbodi nents

Acdtdihfeo finiRpfiadRedpeseidaed chtloditertthiof Siapveatiohdasdridgd below,
i ncl udes aﬁlpl ying infrared radiation in a first

the step/@fmangmc denepnlygg gﬁrar%l:@ékaapngn p & tyavebandte frsrregion.
! bed
e ALY G RGBSR AR BRI e

wavebdia a8 Grondteatdve lbaﬁdfbit the eheh£196d t4¥eatioa@htifled from the region.
According to still further features in the described preferred embodiments, the method

further includes the step of applying an infrared radiation in a second waveband to the region.
According to still further features in the described preferred embodiments, the first
waveband includes infrared radiation having a wave number 1600-1700 cm™.
According to still further features in the described preferred embodiments, the measured
emitted radiation includes a black body radiation in a medium infrared waveband.

According to still further features in the described preferred embodiments, the region being
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According to still further features in the described
preferred enbodi nents, the nethod further includes the
wae@p/ogsenppl ying an infrared radiation in a seECDIR006/001139
waveband to the region. According to still further
features in the described preferred enbodi nents, the
first waveband includes infBared radiation having a
wave number 1600-1700 cm 1. According to still further
features in the described preferred enbodi ments, the
scannedripeludesedpastipr pbde baegstafitetpatisel udes a bl ack body

radi ation,i di um.i 2 \W\AaV, C '
ol TR UL S 5t JRCArdi 8 s o
heating SHRQHIIEDE & prddafrha@i gRribe ol garanitethei st oftf@sasaring occurs after
portion of the breast of the patient. According to
the end of thieltinfe ok heating.eat ures in the described preferred
enbodi nent.s, .the step of .heati [ r ;
Accondingattay nq‘flﬁle i Ige&&é 3 tdﬂn%l ea%“? S s? E%&é%@n%ng”SOS%?%rlgts’ the
measurdS&H kSl dsed td Aftegiifle Ok préiendd dfthebndrealyiing difcesiatinegsure of

to still further features in the described preferred
the emiterhadiatmont s, t he neasurenment result used to determ ne

the pres e. of .the an LV |- ' r ' .
rcopindlo" S P FadFat FOfE (keliBo ot G FhplIERg terenial
measurs B Wn&Sst Thi Benteesasy PeRdeY £iEferade dohadh tentdiatidhmtensity in
differential measure is a contrast. The contrast

. ) y

the doniaiir hndl@sbaskgrofihd rasliasioniss tthieontragemes apcdedeon diffrree bptyveen the
. .1in the domain and a2 backgroun iLat .of - . .

o st A Qo e LR BP0 i n e comin

in a sechAdlvabdngi ntensity in the domain in a first waveband
and the radiation intensity in the domain in a second

Aconedied 4o dtill Avcben Faagiresoins thiel deserifednpieforied: amfadupeptspge method
descri hed preferred. enbodi nts. f r :
o SRS S S SR G  SLAe Y Db i
Acéfoijcﬁ{}%ité ys%ﬂlhﬁm@ep FBLRUS 0 QEBddAcr TR piedirfed émbcfibits, the method
ur er

eatures in the described preferred,
further &rdhakbi thendtep of determinihgd depthiofiére dnqalalpysslopyi. st ep of

oSl T PSPl B, EOREH B R B 4o
further QdidTe n&aﬁd néd%@ ARt 86BNt ikl HRIHVIHCHU RS scshamda (st narrow

ITter to t the sensitivity of the sensor to a
wavebdnldr st narr ow waveband. According to still further

features in_the described preferred enbqdi
AcqabBg g e o o e CSTOS 5L entt e detector
- badd ' vRRAN o sERNERvRESEI PTI ON OF
mdude{?%l%%ﬁ%%f%@gi&%{g%%ﬁon ié ﬁgr ei n described, by way
of exanple only, with reference to the

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the
accompanying drawings, where:

Figure 1 is of a detector according to a first embodiment of the current invention;

Figure 2 is an MIR absorbance spectrograph of healthy, benign and malignant breast tissue
in a first waveband 1500-1800 cm™ (\=6-7pm);

Figure 3 is an MIR contrast spectrograph of healthy, benign and malignant breast tissue in
a first waveband 1500-1800 cm™ (A=6-7um);

Figure 4a is an MIR absorbance spectrograph of healthy, benign and malignant breast



10

15

20

25

30

acconpanyi ng drawi ngs, where: Figure 1 is of a
detector according to a first enbodi nent of the

W@ 00788567 nventi on; Figure 2 is an M R absor baPCBIL2006/001139
spectrograph of healthy, benign and malignant breast
tissue in a first waveband 1500-1800 cm 1 (I =6-7mm);
Figure 3 is an MR contrast %pectrograph of healthy,
beni gn and nalignant breast tissue in a first waveband

. .1500- 1800 c =6-7mm.i Figure 4a is an MR
tissue 13&?8?%3%@@?{@4%&09@ g@"ﬁéﬁi%, beni gn and

. oml a . . c o )

B N e Ay pancer Lt breast
tissue inpehird ogretphd 4800 éa5a biy;' (befi7gm)and mal i gnant br east

.tissue in_a thjrd waveband 1400-1750 cm 1 (| =6-7nmm;
Figptegtt & a MR ahsogpanca 5ees ofpheaithpgbapen gnd malignant breast

. . ' 1d [ gnant ast tissue in a
tssue g b 7B O P 423 s Figure 5 1
Figarefd ©wattavchait llwstatiag b fiest ambbdistene D0 ictR Bt iBVentiBe;
_current invention, Figure 6a illustrates a second . .
Figareh@rdillishieted e seceid embdodioneant eh i dayiqectsi slgatifynigpigas inside living
. | i Vi l.ssue according to the current invention.
tissue afglc%rﬁlr_ téb %%urraenf oﬁ%dtﬁoé?t illustrating a second
Figeregpds BERLvcBArt HINBtrEtid £fdcohd¥abbdifRnt GERCRIAEH @Vebfon.
THE PREFERRED EMBODI MENTS The princi pl es and operation
of a non-invasive nethod and device to identify :
pathologi eal ~sKibn J-esiH accordi hg.-to the present
TrentT o fray - be Detter uftger St oot h reference to
Thd PendilblaybriDSpeRitibnt dTe RELCRRRANY MEGhod AEE dewite @NidehtifyWattological
be appreci ated that the above descriptions are
skin lesipmseangerdingnioythe preseptinvension maydledttenweiersieqd withyeference to the
drawi ot hedrt errbc%di nment s ar e. ﬁ?ﬁSi ble within the spirit and
mn%%n 5986% &p@%gﬁlp%gg invention. Figure 1
It viilll BésdppedcRsedihbt fistabRid dedchBibnslare @hteddedediBE t®Eer0é as examples,
internal tissue abnormalities according to the current
and thatmyanyt dther. enihrsomiente ate pdssible Withimsthe opirit ppd de¢ sepeiod theRpresent
.sensors 22ad nmat detect thernmal waves (MR radiation)

inventigny ng from human body. Pyroelectric sensors 22a-d are

FighRSE¢@Rateb @ SATRMPOURSINR!IE $¥Sa ActebiBr BP iGBAR! Asfet abnormalities
operate at a wider spectral bandwidth (from1l to
accordi2@-td threndurtehimventidre Eneodonend A4 indladds fewnmooel2@tic dR Iseissors 22a-

band pass fil 23b-d respectively. Thus sensor 22a
a that g el ReerINR bRt SRRBRPT et DRy Paiectic sensors
22a-d fle” 3edBh - thSRRR Rinkihs U ﬁ?ﬁiﬂ Ccdbdrh Bt BpOG iS40 Aide tral
? %Ilﬁa%g%ass tlﬁr ougﬁ?%lalr%ge psag? iTters P . % t Specta
bandwidth (from 1 to 20-40pm) than a thermal camera. Each sensor 22b-d has a band pass

filter 23b-d respectively. Thus sensor 22a measures intensity of a wide band radiation signal
(1-30pm). Sensors 22b-d measure narrow band signals that pass through band pass filters
23b-d.

The use of a wide bandwidth allows the sensor 22a to accumulate energy radiated by
human body, as a "black body" over a large bandwidth, and therefore detect weak signals from
structures deep in the human body. Particularly, the current invention facilitates finding
anomalies (e.g. cancerous lesions) inside the breast. By collecting radiation of wide collection
bandwidth, sensor 22a also collects noises over a wide waveband coming from background

and ambient obstructions. To increase the signal to noise ratio, the current invention employs
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23b-d. The use of a wi de bandw dth allows the sensor
22a to accunul ate energy radi ated by human body, as a

wO kdoaogoshody” over a | arge bandwi dt h, and t herrdDI2006/001139
detect weak signals fromstructures deep in the human
body. Particularly, the current invention facilitates
finding anonalies (e.g. cand@rous | esions) inside the
breast. By collecting radiation of w de coll ecti on
bandw dt h, sensor 22a al so coll egﬁjT oi ses oy

COlltraSM\FEffﬁ‘i?ﬁt@émaﬁ‘érefof 6%41%1(]&?%‘6]@6 o EADIRPe mg mea\é\nmements mn
terms o‘fqg&l%é‘f%ﬁé)@l?fere-ﬁﬁal't sGd GARh uEBE aSth SRR c&ﬂeﬁodrsﬁ;maédc&dmo to the
urrent “invention enp contrast, a differenti al
previouBagUThRe advanegeabdf oontiast Emé&téqt smradt chﬁierdnbanm radiation intensity is
i nterpreting measurenments mterEEﬁ;te rature henk
well kngivif apengst Biose %1%%6%&% 19535y fhdr FraNegmymoicly VEN: ﬁ/c enko,
or di NGt
N
region HHEGNARAKS leymnhenksf'ipSpaoarﬁmgﬁttrmﬁmﬁ,ewﬂM 11984, pm 251-252. N. D.

. b o b SRV, Ko BUERSRESH Avinia
] 1 A e S0 R 5,

In fh%7ﬁ)lloﬁ@ng 2hbodinntsNof lﬂne Ehﬂrerapmvé.ﬁtlohd contamsy IR iik deﬁned by the
Bl aunsht ei n, and Yu. Ya. Ruzhin,

formulin (Rt BB B R BgR Rk o OV AT EEIETY Foth ROWBE fhpeand R” is
the ovef'r%l? Feat How 1"?’% 1&@51’?0 alg't?s?c?o At 6F(R% éz"c?l]ai Iﬂegs&r&ﬁents having different

ow ng e e CUI‘I‘ I nvent

band we@RE fRsdonfradt$s Sefbonebud)r tahé Rf’afdmbhcéﬂ by (Ha spedﬁe(l Bnergy density
+R') where Ris the overall heat flow_ from healthy
R (M) tancé AUhnribheRmepr sperirabyiensityl oh axpesypdbenty SaTvEHE edch band of is

comp GRS 9T - HESAE RS B BB o gy o
the heartéﬁ) df()r?, tlaq?éheqs%g IF’%D% ﬁyw E?pdg,pé@{,)r ésf %gr%%}épxde%n\%ﬂeyof the heat
flow mgtgﬁﬁ ‘gﬁ%ﬂg{% ;‘@%Eﬂlﬁ es%ggfa;angthojf t%C Osen%?ta I's the

TS RAR P ORR faifed 7 2 PBh LB 8 phiR, B D€ formute
R'O)EA 8 yf),ld;»vmglmylg > @hlesanyjsband; and DX is the and

spectral w d of the chosen ith band. The 5spectral

R(W)=SnefERrOdensiiyaghsitRd byhae bl atk Tydy=ks. *goxpeh/Af)-1]"  and

( )Agﬁ lgxgrruwae]t[%( )algLﬂdR(l T)/dl]??aélt(l )+e% (I)]tc

k=3. 74J<1)d’dlwanﬂ R pa£107 TRBR(VheR) WRDLE)/ QA )ig tHel dectralismsity of heat
(r /7 1 exp /I|y|] 1 and 1= .74x1 0-16 Wkn¥d , Jcx=l

flow frofdt ik Bladk buds atwhe lt@npiﬁ(lﬂureTT/(ﬂjr living hemap &issueal=310K); &, is the
density of heat flow fromthe black body at the

heat radéativer eutefficerT of ftdackingssi oiyndromeh hivingsauwpar oKy, iethe trapsparent
t he heat radi ation coefficient of blackness of norm

coeffidigntiofi gotmatdiving ke tisspe; g5 13 e heptandistipe gpefficient of blackness of

cancerous tissue; T, is the transparent coefficient of cancerous tissue. It is important to notice

that the intensity of black body radiation is proportional to the blackness of the body. Thus, the
intensity of light emitted by a body at a given waveband should be proportional to the
absorbance in that waveband. Since contrast is inversely proportional to emission intensity,
therefore contrast of blackbody emittance is inversely proportional to absorbance as can be

seen by comparing Figure 3 to the absorbance data Figure 2 from which Figure 3 was
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coefficient of normal living human tissue; ecan is the
heat radi ation coefficient of blackness of cancerous

WO e@3/080561 can i s the transparent coefficient oOPCT/IL2006/001139
cancerous tissue. It is inportant to notice that the
intensity of black body radiation is proportional to
t he bl ackness of the body. Thus, the intensity of
light emtted by a body at a gi ven waveband shoul d be

proportional to the absorbance in that wave nd
computaﬂorﬁ e 2 s B ORST Frohdy Ahremeyei gn S Robifor, V.

Letokhov ef ﬁf, 'ﬁ%lgws S UnficeF Y £ ?esrt a{% Q\L ‘éé%%&td%awt[mquw FTIR)

ropor ion ance as can be seen
spectros@Mp;Q‘OVSlqu RE].FRen8; €1986] @pt h64ai5§omtfamge@atﬁ FiyuKelyakov, V.

rom whi ch Fi gure 3 wasconputed . (Fig % 2 |s based on
Letokhowe as@r\ér@@]pglﬂmd'@@gnop‘m SABGEL, t15fques gy Q,vangscent wave

Fourier Stongel, CEEDLF TRy ERRRRbuS poPEsonds %2%90[)1;/9@?@994780486 and

Brooks, VF’U N29%Bnasi 896, R PBruchp4t kb/ "FRANARIRY GS\paQtrd‘dcopySapphcatlons and
ol’yakov, V. Letokhov, and V. Gol ovkina, ."Di agngf,{.é 1. 3595,
computcn‘ datapresessing Soreromiyyvasivp skingfitsne JAZRAELE R tVl\’ﬁav vo
Four i transform IR (FEWFTI R) spect roscopy , SPEE,
1999, pp-of40- %‘99 1997, pp. 478-486 and Brooks,”  A., N.

To MRS ¥eMAl sRenddh UL, fuetheincreasé HhE Ei@nﬂ spaotse astiapthe current
appl i cations and conputer data praocessing for
inventioro Rinplysi aneastmenrmethgda@ Rie ly cagat fesing omalﬂ%ﬂ&em easier 1o

oot i PR R R B R T LRSIERSHikanle et o

Hradlatfn%t I8 bibhe ik NETRE rddMeRAt inome efi@fueysy dandof i1680-120horh™ at an
preferentjally heat |esions making themeasier to

intensitgl emfed:‘f)mW/mm% eAliernativelyndempd24a sapldoase ingnde, 2j Gy iR allow
the b
e S PSRN s B A o

00 26 Figudd 4BNthLSt Slhtthlso&@a\}e%ﬁ PAse& through healthy tissue
cm @%f?g%%%t?vely?g ngp%Aalggﬁld al so include a di me

withouthdating teatissne i the cghelr bmd: rammsmt;we 16&&1%90 ¢'s é@gl fs Strongly
does not absor Rra n in
absorqus‘@é R figsusy sg% 1&131;69% gu{fh ﬁé)himdl ﬁ)?%b% ng%l;s CHhckrous tissue.

Thus, T \Aﬁgﬁ‘ ﬂgt}fgal%%gsﬂt)@ E&u%}eﬂé%ﬂtﬁﬂy htdts SatRehub Meditins ieditding lesions
i Ssue. he ot her hand, radiation in the

obscurélcﬁﬁélnﬂﬂ(lﬁahlmy' nssmartumcbesmpb hgatyheabhb tiseus- M@ﬁé@r are based on

tissue, see Fi g r
measwRBSRIS 1 ggf@mang-,h S g?i)i%@n L hee&béﬁg, and D. Shi,
“Infraréc?&‘r%bg& fﬂui'naﬁfb?é t?s@ﬁés%lv}trcheﬁto‘ﬂﬁﬁﬂﬁ@&m Y& S199E20, 2006,

eS|ons obscured behind healthy tissue but
pp. 13H0B&] not heat heal thy tissue. Figure 4a-c are based on
measur enent s nade

X Yan,. .
Mop, WI figall yLiamR/\%a(ésn@thgﬁé by a %er%ﬁgraaprggetenmngﬁ period of 3
11058 f5the 116664960 b IWVé\ferand Jor Pininutes heats
mmute?%&ﬁ%@égﬁ%eg&e%m B 120, 2006, pp. 132 Nbr e
the campeouf i kalohy withaop hedténg $uaotmdmg edornyal atlssumgr be ingreases the
a predeterm ned period of 3 A i b
temperature differential between the cancerous lesion and surrounding normal tissue by
approximately 0.3-1°K. The 0.3-1°K difference in the temperature between the cancerous
lesions and healthy tissue causes an anomaly in black body thermal radiation that is large
enough to be detected by existing pyroelectric detectors even under a few centimeters of
healthy tissue.

After 3 minutes, timer 26 shuts down lamp 24a and activates sensors 22a-d. Then, an
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m nutes. Irradiating the breast with light in the
1600-1700 cn'1l wave band for 3 m nutes heats the
W@ 2ce8165 | esi on Wit hout heating surroundi ng POF/m2006/001139

tissue. This increases the tenperature differenti al

bet ween the cancerous |esion and surroundi ng nor nal

ti ssue by approxi mately 0.312 0K, The 0.3-1 OK

difference in the tenperature between the cancerous

| esi ons and healthytlssuecuses an a mal i.n blﬁk 4
mteoralbw tshaedal ofy Bigi BERGN SERAT 448 TSRYESe tj’r‘i g9 fgnal m a wide

tecte e e e Y

waveb e B LA RRC LR ol PRLSF L GG NRRIOR IR, By Qfchands

1600- 1*7@01@&1 12886t %) JDO0- 1loao1amﬂd(aer@eﬂzm)g hivch B 250- 3350501 5 (sensor 22d).
a-d. Then, anintegral scan is nade of the breast.
It can @emmm E@Hﬂﬂéa@dh@tsmtth@mm bayrdsl ofsensras 22#re ity kespect to normal

o L

higher %gﬁ)rﬁan%g O0nekOR0InCHRe L& BRAKOLS detldbr 22andard2hlls I3hdhsdmvd higher
(sensor 22d). It can be seen in Figure 4a-c that in

absorbarive ammcmmwsd@smémgm Iespghsorbappe thap aepealitissus: nor nal

e R P S A DB 2
and Figtiie 9 &ﬂ?ﬁg;%%tl\y@ Sb&RBarch cbphRKaB Rt Ie RAREAN TRAG the location of

ancero esi ons have hi gher absorbance and
a canc@ibas dssier all Sohresinsnrs Ravik detesisnegptive loanicast tahérat ey Jpghtion of a
tissue. It can be seen fromthe an?rvefgrrrul d detect
precanesgRBUIESIRy. PPopI, S25ahAeEt (PYVE PP O RPG Snsoh 3 detects a
' NEER &SP QOmW/mm? for 3
positv et o D o
minutek @8d Beutilg brésutissae h¥0 me haRaless, qbetnéaﬁcs*s anégen-infeisivent r ast

and at the laocation of a precancerous |esjon sensors
In orglgr ¢o decreese b?@b&rpwg nEISHIASTCTESHE f&@ﬁsl&ra 50k] To0m and the

¢ has: 788 athéde position and
o3R8 3o RS GRS rmb i, SPRAGS K o ostion
the extBi*nﬁUﬂiﬁ&e anthe heddh Bﬂmh:lt&ﬁ;tcobleslwmgl faf are harnl ess,

pai nl ess and non-intrusive. hi rdfﬁlé%to de

re
PRGBS TSRS S SBareq gppomalous
th X a
tissue %F% gtireg ?\0111 & bl\%ﬁst%rleci gerqg)?i 2(?]3} éJIEs é%r%pfa!l%lf ﬂeedag%és?lwg oanS is an
carly aktl ﬂol@l%n@iﬁt elp@l oft kS ugnden dvbRitioagiAdvoeding nberesslts idisclosed in
cool ed usi g ans. Figure 2 presents result

f .
Afanasypess et @lgil iAfanasse s Pl 0097 Fench BRRRKSaBisdlr %gwg@aﬁ?ﬁ on Figure 2
and th,fdﬁ:i“?ff Q'v&essu%eséoe &éﬁt%%f a%g&%aﬁ%ogfaﬁg%%elﬂée%ﬁ‘ﬁi%ﬁ and the

cancer recancer

contra§qhd Hefdid 400688 HeQdalcusdtettie @bntrixe of Al pe-c@E3r USRPI63 and cancer
According to results disclosed in Afanasyeva, et al,
151 tist@®ds pmm@yleﬁﬂgureé’t [Léu, et 2l98G06land Br ooks, et al .

In %Q}B%agqué g g% r%?}ih% ge%ntt % pre- c&cgp 162 qﬁé%"%?? 1§§&d cancer

d Spare ce,
101, 1§E faidg n?@(ﬁhﬁﬁisébs&l%ﬁn&eit 1830 8ROV Similidieregalkcatt at:@dm Figure 4b

e contrast of the pr e- cancer 152, 153 and cancer
[from Liu, et al.2006] at 1655 cm™ for both precancer 203b and cancer 202b. Thus, as
described above, radiation in a waveband near 1650 cm’ ! will pass through healthy breast
tissue and heat precancerous and cancerous lesions. After heating, the lesions can be detected
by black body MIR radiation emitted by the lesions due to their elevated temperature.
Specifically, a one degree K temperature rise produces a MIR signal of ~107-10 W/em? at

the skin surface (~3 cm from the lesion) which can easily, dependably and accurately be
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151 tissues is presented in Figure 3 [Liu, et al.
2006]. In both Figure 2 and Figure 3, it can be seen
W@ b@v/ogiser cancer 102, 103, 152, 153 and cancerPdDIL20d63D1139

have a maxi mum absorbance at -1630 cm1. Simlarly

results are seen in Figure 4b [from Liu, et al.2006]

at 1655 cm 1 for both precadcer 203b and cancer 202b.

Thus, as descri bed above, radiation in a waveband near

1650 cm 1 will_pass through healthy breast tissue and
detectedriea cq@m@@éﬁ@é@b@b mifeeledrie d7i8RIST | esions. After

heat i the l.esio t ac khd ad¥orbdrie and

The rpé?ﬁeﬁ{] %&Vﬁnﬁ?ﬁ tt?%éea %@’aﬁﬁge rbgs%g%@dﬁgfe%cghei r el evated .

emittandEOPRIR HABt orSRe aiffdrerlatey betsveem denignriesions frempoekgnane lesions.

rise produces a MIR signal of ,~10 7-10 %EVCEQ t the,cr nol
Particulsity, ras sllustrated i Fizveerte ebid A0an | BEagrnGdi<dne é ??rg%%ﬁoﬁfs, ongLy
dependa and accur at : 3000 cm™!
than nogd RS p PRS B R s T Ao VIRl 3000 om

wavebaﬁcglfé%§ qagviapthanessat 20pecttuslacetfifngrtenie forinula dwve the contrast of
absor bance and emttance of MR radiation to

blackbodi fridiatimt frame-aber A3 absityem| ésnesssve padilitongashAl blackbody
_ . lesions. Particularl as.ild uste .j.n Figure 4c at
radiation 490 & RICEANSFEHS esboé"i%o@f a%é%é:d %I%i (lzusﬁé)ogﬂn}rrgf e strongly . .
ifd Lo WoREAE ST DEarante @i 138siteng50 cm™ is
Alte%@geggé%?t)dlﬁl\% %ﬂﬁ%%t [ ﬁ the 3000 cm waveband .| ess .
nearly Zch@whearessmhk contssstifor 20 tecandiross lasien A8k PPHEVS: Asq pceording
_ above the contrast of blackbody radiati Cc
to Figumo8 oo 19508 e FEFEOREG AL 10 HHECLRG [ PO SGFORE! han the
pl.a 2dic23d OI0 e RbEABREE P USmAleSIaaN]cB0R203D is less
absorb%%@k‘g%&{alit%ﬁlggéqlﬁwféé_r Al tgr natively, accg%ﬂdi ng to, . .
than thEbEEéRande bhRomeib tisast20db. Ahisfadern s used fasrdiffergnigation in earlier

-1750 cm 1 is nearly zero whereas the contrast for a
stage opdiegnosties Ba §re-edeefngdhe capser ICES ¢ ve. Al so
accor di RLgur 75046 htib e t3hBer bpggeanct directly.
Alternaiive a%%gfrgr&s es‘?rolﬁg%%%%alﬁ S greater t I’?gn the
Thus, VRSIGhOBRES hehted by paliatidnsvg20dienwinberszear 1630 cm™, both cancerous

absorbance of a malignant |esi b is less th .
103, 153303 and bewgn fasiaral ail%u’e‘?lzé%.ﬁgﬁi@hfs%ec eaieéjn“@ghg‘%m will

used for difte | p i Pfm A L8 whA8R When the breast is heated
be det?‘}feggaﬁ&’gf FRUS %é%g@ée%%cﬁlggﬁqgﬁgﬁth E%&lc ancer _sternucte u?ee?g. _
by radiBlib® hidhé Wak¥nunsbdr meaendsot gpesnbf canesbonesivan 183, 153, 203b will

differentiated by their absorbance directly. .Thus

be heakleThtEholse desinns s A83:303PodRiantsh RORAT SRR AURDY, o and
0 g D e W9, (I 20 i
o B e B by ey o
1550 che'adre ddengifiechel Bamigm havi ng wavenunber near 1550 cm 1

Fig%%g is{: % gg(rc?xgéiolgﬁ?r%?’%r’ﬂ} 3 ergt%gé%g%g%g‘é\’%ﬂe\} n %%. Eﬁ g}efée;rﬁbodiment

i | R A 5B duea s dBBEntRMabs@paon dEnVIR | exrgysis used to
of Flgﬁgﬁa?gﬁgfﬁt vther easg]t hose |l esions 102, 101, 151, 152, .
differca@2b buith grecancerous lesions and cancer from healthy 'breast tissue while spectral

differences in emittance is used to differentiate between malignant and benign lesions. At the
start 302 of a diagnostic session the patient is prepared 304 for the exam. The exam takes
place in a cool room and the external portion of area to be examined is kept cool by a fan
blowing cool air. The patient is positioned in order that the region to be scanned remains as

still as possible (for example in a prone position as described in Harrison et al. 1999 US patent



10

15

20

25

30

are apparent in an integral scan after heating at 1650
cm1l but are not apparent after heating at 1550 cm 1
wae@7isiset i fied as benign. Figure 5 is a flow PCEIR20@001139
a first enbodi ment of the current invention. In the
enbodi nent of Figure 5 differential heating due to
differential absorption of MR energy is used to
differentiate both precancerous | esions and cancer

fromhealthy breast tissue while spectral differen .

5,999,817, dnpassianitieqral Ga306 b RIFIOFBRS T BT BLE RRGFISCIOr of Figure 1is
mal | gna d ] ' : 2 of a

used R RR0 R ek ansug M D BB 302 01 0

Durfhg@Rteghlescex 306! akesr Magraienowna wideownebend 383-10,000 cm’

external portion of area to be exam ned is keBt Qp&l
while singultanbewshbicosdrn g2l-doneasire napie yarsbends 1&00py Q0 ngnsor 22a),

j th h ' '
00018 B SR SEADIER TRV St .
domain%%oﬁﬁﬁ)u?s Mekiofl 6 $08 i@ntifibd 31899 pdssipaimeadirs, 298,386 2hen those

passive integral scan 306 is perforned,
zones aRe Bfrtertesied bt y highéralethil mat passive spectjal ssan 312% Iy geder foperform the

. scanni_ng. h assjve . integs, can .3 ' :
pusive oS L anper o, K P SRS PR SR80 pssive
integral AR UESs 308 by hvitadfiVBY eRARTbn3Bdmily 608 £8askwidte 6 anomalous

si mul taneously sensors 22b-d measure narrow wavebands
flow wa$6bsetveddoreach spatmbvavaza)l meng@ed bpsonsors 12acdedber the spectral

22b), and 3250-3350. cm 1 (sensor 22d). .The results ,30 .
scan 3137 FopigPBe Tk K g3Rb I HEC o SBRTBIS APy Gk s B ow in

ivel A800AL | 0 Gy LiVE doBLRArRhn 3EANIAG0i NENs tHARE Bver tt
pasivd S0 AL L8, R0 BRSSBLNC pRU e, MaLTRRl e e
scannef d8/ialtefos paeigeatimeahim 3diZng integraldean 346 @eehgmgmavhea longer time
_passive spectral scan 312, a bac%lég{igigd heat f I.og #ﬁiR” |
reducegTransion ngisel AETINBIASTY S PRk T ST 1S bgi as close as
ible %3 e Seied | Akl Q0sd bW aPYEE angles ¢
posiv 3 B PR A RS S AL S BB s
get a (BREGimalsinay pland offidasationthlbys dendonisclidiag the dépdinundee the skin
spectral scan 312 is perforned and R' 313 is, neasure
surfacd. BsthgraguptiondiabpNea geEpshhdneraRidchaky rthe mﬁlﬁ%@ ous flow.
I ntegral, scan 306. j ' . 1
36200, o3 ot G A9 A TSP SLA 17 S0t2 e
scan, Hu® fGEE EpecirfBschh @ m@bé ubiggi figigsrbtrananetBodol¢gy oagkamgple FTIR).
over a |longer time_reduces transient noise).

Al so
Alternafivelsh gvipaswesten] siotadlt is AT lsesabtezest, thednieerad eap cang b dppe for one
as, cl.ose, as ibl e ' f '
sseo R R ARG ek AR Al BE3028C R

If o LRGBS JTemnst @6 hati Béen Betodted B0 an Qardiedl ntelpainidan 306, then
i ncludi ng the depth under the skin surface. Using

passivespeatralocan AL woeldtheskirpedi s computed 315 in the

ACSOTRL LNGTRISU LLt LEOBLNE o OB s v
e i BEO3  ] D gt i s n
wavebdhd ef TG0 VdDyem Witen istpesityrafl 100e4nn” far Jomiruéesgising heat lamp 24a
(whileis?itllecro%f’igé tlfehs%rtjaget gfg&glregsigr? %si%g%ogleaig gl?(f fafng bs ggc?ve). MIR radiation
in the frequency band of 1600-1700 cm™ preferentially penetrates normal tissue and heats
cancerous and precancerous lesions as can be seen in Figure 2, Figure 3, and Figure 4b. After
3 minutes heat lamp 24a is deactivated and active integral scan 316 is performed. Active

integral scan 316 is performed exactly like passive integral scan 306-31S, but because .
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waveband only and the nultiple wavebands are neasured
only in the detailed spectral scan. If no anonalies of

whe@y/08dsow had been detected 310 in passive i nPE€QI2006/001139
scan 306, then passive spectral scan 312-315 woul d be
ski'pped. After passive scan 306-315 an active integra
scan 316 is perforned. To péPformactive integral scan
316, first the entire region of interest is exposed

318 to MR radiation in_the eband .of. 1600-1700, cm 1 .
exposur&ﬁ@wnpwa&%ﬁ% ?W?af@mﬁﬁ?&m?%ﬁe%ﬁn&aw& gRHeduS, active
integrall 20D 3263 LBk kn%r«f Lnkirive gl Q&ix;ehﬁte%ﬂfs@&%ﬁ. ThB®etermination of

r'egi on using cool air and fans as above). MR

anomalbédl izehidspatitprodiel fademioenieyelbamd afntib&0B17 706xamtlylsimilar to the

) preferentiallg enetrates normal tissue and heats
passivedniggiat ens (At ﬁ@l@é(ﬁ):er ous | esions as can be seen in

Fi gure 2 ' [ i nutes:
1t nfp Rt SYRIGushoaf P 48 oerdB 3fY bt Rk RSintcgral scan
312 noBikbthk SciP@d @il GearB16, Vieeni the patial isdiagnaddd32Eas free of detectable

~ perforned exactla i ke passive integral scan 306- 315,
lesionsland thsesesticeendsd4lr e 318 increased the tenperature

differential be n | esions (.S '
1t dfpesg o o Rl S e A 3 KBy & SN ST b Y BB el 306 o
in activethRGFRsc/L 315, Heh thd AEmEARITHNBREI S kv &BABRDS performing an
;- zones, background radiation |levels and contrast 317 is
active gpeairall scasi3@B| by otder tchpenferss pstive) speegrlaican 838, fizdrezhaskground

bove). |f ng _domains of an | ous .heat fI ar .
spectral SR & o AaTR P S RTBRSSTY ST TR LG A Sci SF e without
coonff, 1885548 o P08 81,1 4Py blan et e ans v
weak. ‘Slessfoenwhild andying the rekitaiorf sheoifntegmad readrg dfsis ldetermiriedthat in order

are observed 3 either in passjve.jntegral sc 306 .
1o increges (¢ SRRV Pibe gPHaLta 118, 26 REhDS Mo Fidhaipgergpined heating
period g)gg(gﬂna ?Jkﬁ&W@%@ﬁg%re&EﬁghgﬁeQﬁ{% P&%d" gf ¥k 8GleVBitegral scan (3

scan n order to formactive spectra
minutes)c MRS 28iatfonr Bémtlhep Ra kg rvainbelswethe riatendityt thaswoyld endanger or
) i ?"(l,-). 325_nust be determ.n by actiyel y.scannin
discornfrh 15 Fabigia NEASFROShILES WHEHEAIS SPFse the PaYEr? Begjppe for long
periodsl.:l"lqll‘i{lrs €ror thd I?l%tigle%tanirm\% QH&% 1}(9 V&goﬂr B thPeli RYUA minimal
scan is very weak. Thérefore iTe analyzing the

exposuk@Sdktigicity ble seiidtyednds@dn 3 hinuies of ekposuianeeretused. inrthe case
order to increase the sensitivity of the spectral .

where thegmis a suspectetblogiopy it Bedacmreds wprthvhilceteetss gl Irvsh of Ageting to

. iod of .(5 M [ [ : [

B3Pk S ke, Rl 90885 HIARCE BRDPRL R 1evls for

active §dirdldcan 318, Aol aris fhard i AihlalPpehofund ard hed S22 Yocally using
that woul d endanger or disconfort the patient.
lamp 2Me\fer 6 heinetss and tscinmed 3aé 9n cagh! ef the spxeitad evayplanga (hers3-10,000

e, QB O RRY  apT U  b S ot

few no?rr]i?iyf&ggt}ﬁqfé %ec‘ W RadeBQ) dBfctReARYEnS RASI W ¥} Y221 each of the

es of~ exposure were used In the case
active spectral bands A ;. Averaging helps reduce local noise effects.

After determining the background radiation level R’()A;) 325 for each waveband A; for the
longer heating period (5 minutes) of spectral scan 328, then the domains of identified
anomalies are heated 326 for 5 minutes by lamp 24a. After heating 326, the anomalous
domains are scanned 328 to determine the local active spectral radiation intensity R”(A;) 329.

The active spectral results R°(A;) 325 and R”(A;) 329 are used to compute contrast 330.
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where there is a suspected lesion, it is deened
worthwhile to use a higher |level of heating to
WO p@resise’ t he sensitivity of the test. |In ordePCT/L2006/001139
determ ne the background radiation |levels for active
spectral scan 328, a few areas where no anonmal y was
found are heated 322 locall ¥ using |lanp 24a for 5
m nut es and scanned 324 in each of the spectra
wavebands ( 1=SSS-10 OO0 cm 1, |2=1600-1700
Analysis1 000ex08B0steris by appiting 383 f@ssws‘élﬁ% . dlﬁc‘?éﬁl% ugyebands to

s8] BRI TSl RO SR
A)] is ni%géti%%of‘ pecy g%bd ?@Qﬂ%e borri=4 arﬁi’ fbagbdil B&{t%t %ﬁﬂl &:@ng emittance

noi sé After deterailining the background
in  twioadivatvebamdsevel idie(| J9caB@fs)f obetmmen wwaebanehnds - 2 orand 3

(0B Op e o B Ry Bt b d ORI P S8 o be
benign g%flgneﬁ]t ezrgxﬁ%or 1 domn t%‘chot?ydejtemea%4 & %@ Etﬂgﬁ&h' 1B8on and the

OUS omai'ns are scanned 3

patient edeRf Bk ﬂﬁ’cHePﬁes’u ahd eedwg. spectral radiation
intensity i?"(l 329. The active_ spectral result
- It should bbe jnog@bthantherenhgdimeiofatigugsallews sesriyat gpantiing to identify
I ast. t {
o OB AL s BN 801 3 SR ot o
period %&éeﬁ §cﬁ1@s dNe@@ﬁtl%ﬂeés efi ds embedlhmnt gnlﬁ Flglﬁrecb rtherass a possible
I RERMIIAES: L Sen Sk

confowﬁdmg z&fﬁectz in ﬁdSPS@éﬁl sl dstiosbdr %Mﬁ’weﬁéf?@@? | the ' Waveband

00 055 el SYIPER AT R B SR B . Ao

in the pasﬁﬂv@)ra:él{ne 'dah&drpirecutdodd hoe dffen! lester tizarhdlthy tikew duheo increased
domain is determ ned 334 to be bquTgn | esi.on.
metabolictretiviits €T her¢fered eiven fhough e shesyie it e d9for ée%@saand healthy

tissue a{% Zlgelt %ﬁé %ﬁ)@oga;\ggf tﬁé E{eth a f': gﬂ}érefz%l %12)%% é%s?cgls aﬁg%étf m~ is less than
the ern?t’fg;leéjl bIBEHIth9 ftiskhed wePerfheRkd OMEleFREL teh@lera @R Msitgs tnthy emit more

dentify various | esions quickly ’fheau ng the breast
rad1at1mnnet1ﬁ5dvmléwcdth§h%h0®&ﬁi healthy Geguf-r Thgelare Bis g g rqontrast shown

in Fi g ' 081&? :t}oé sgrva e 1%@@2%}%{&33'1% g)‘r?] fFé%L%a :—gn eW‘B]ﬂP gfgl'ts rﬁfﬁculty is

somewhﬁtele%%ﬁ&i ﬁﬁhg sB&ial SontfAdd {coiphafigd ¥mithdnbe ﬁrﬂdﬂ@tﬂfmﬁen’c I‘Wavebands
waveband 1600-1700 cm 1 heats tunor (g@ecur sors to

at a s1ﬁz:,1l5.l|1gd51?fm|011t(ergpeﬁ(&tniﬁﬂl)ip[Jfa’f(ﬁbdﬁ)-Qi.(ﬁ\ﬂ)fu.liﬁd@\m@;+ De it mpy éomﬁumes be
assive r

e ancer urso are often hot
atsea o bRty S aGS ol SEEREL I RES 5t D BbbBlctogy o

i ure}Cthlty Therefore, even though (as shown in Figure
£ c¢) for lesions and healthy tissue at the sane
If dleoPeiealesions obdeevednd 1%t am deterhinmdetntoebo benigasthem theaactive and

s a8 R 5 Vo e
1dent1f1(;e§ (5’11§r heé;?%%w%%qﬂe?al 9(!5.1]1 tﬂen o aﬁelﬁqy duiistiel HERRR and released If

y tTs here e negative contrast
all of $B M orsHYskSHd 819 Gra@teithedd3plasks batite bun sbthe of the lesions are

found §§(6aﬂa?éeeen%f1g§lcog€er 1Ec31er5131:1ﬁe\{iwI 3| lloem tt}Tel Sassdllvg ];I{tggrlalt S%al!l tshen the patient is sent
for further tests 338. Further testing may include more careful rescanning anomalous domains,
including scanning after heating with MIR illumination of various wavebands (see Figure 6a,b
and associated discussion) or other tests known in the art.

A second alternative embodiment of the invention of the current patent is illustrated in
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somewhat | essened using spectral contrast (conparing
emttance in tw different wavebands at a single

WO owanswe7 (e. g. PCT/IL2006/001139
CImlin)y=s[i?"(Im-i?2"(In)]/[i2"(ImM+i?"(In)]), it may
sonetines be difficult to differentiate between benign
and mal i gnant tunors using the net hodol ogy of Figure
5. If all of the |lesions observed 319 are determ ned

: t i t -t he acti.we and passive result .
Figure §r§fe%,. g@ﬁggré{g@% g%geﬁltf _&ﬁgl _eo]6 4 h@{flglfeeglc%sn8l g?%migp%??d %qugélferentlal
absorptioar GEMER @HElay ta® vl dsdRfiérehdes Gn 3diksivityl HE uRASS | d¥ferentiate among
i nt egr al scan then the patient is declared healthy and

healthy bepash disgpe, pralighant desianseandeenignslesibae Mhas tBe 9mpodiment of Figure
term negd 3 0 beni gn, byt sone of. the | esion
Gab 08¢ s SR 3 B0 s o Bl EFL PP SO iR o the
embodipR8SONVE iR PR ad aribighodshiestidshe patient is sent for
. further tests 338. Further testing may include nore
Figga 0ashows e seeondi amepodinaends ollsystontel identifly desiangiingide the breast of a

. . seanning aft.er, heati i th i.l.lum nation of .
puicn T U A AL ET, B M, X Bl B LB ey i 0 e
wavebaflil $606-3 700 mOTan@bR8Eonieshs 24O AhtddLrhs iﬁ%tsecﬁds\%ﬁz@ﬁﬁ%d 3250-

alternative enbodi nent of the invention of the curren

3350 cpat Bhtﬁt syisteni hlsodnaledesd deteliog 4@ vat tvo pyrodlberie sisdisidetand 22f
sensitivgiftpfl\lé[%g &%ﬁGf?brgglg I&lifxeggfl%g %gé fmrr]lﬁ@gﬁéllﬂgg)ogéreﬁ té‘nofi anginterchangeable
band pds Fli6F 2L GHub BeBbS 300/ iskahs ABuIpSEGudPod 'Ffv&?i&é %Q%é&g& 333-10000

, _anong heal t hy breast tissue, nalignant [esions an
cm anfeniagd afljestablesvavebarsl, t he enbodi ment of Figure 6a,b

. _my. he ed for .further testing.in.cases_where a, . .

FigF BPiiar iy chat il SEEBRdsR A ord o RaRn R BIeTofo iegifilesions
insid o] | ghoUs T I QU 0 : :
e e O By any ool S P2 WA Mo Ry et 404
(prepardsiomaste nilar pathosndescilleel iayRigemsi sigl 3019 SThovegMnRo be scanned is

then hepf) RIS MU0 IO T & fHdvaveEo B0 IR0 205 e dissity of
10111W/Ierﬁ11?;[ B 3 ThiAukS g&%elé\@a\éqg@p 2204%% ?\ngggc\%g‘?ﬁ{n til\%/‘\kt)heﬂi‘i?st waveband is

systemal'so In

absorbefl yrefetepciblly Oy Seiis QuirSord 28d Rdigd AbsisRd) STHel 1égiohds MidR scanned 408
radi ation in the vvavebalnd from 333-10,000 cm 1 and an

using detpgter $4hyvih bl 90pl/R8 cpa sexchingeable Fdter 23 Jug dreaegion is scanned

. i_mul t aneous| | de.wavehand 333- 10000
408 sinfflaecliR Syt TR 5Bl G RYGIRE SoBratoration of he
availablt | edetogN@ktting! thed Sdfoakdsh Poskisie GRRA1)esHO N Rt Dand 139611900 cm™
to identify |l esions inside the breast of a patient.

which iyplee wiavehpadiibel shoulhbe myosp sepraly mredicative peft legions @Rtting the best
. r.epar.ations are simlar to those described in Figure
Slgnalt(lgg%lgééﬁtlgﬁmy The region to be scanned is then heated
The 4880PY¥s MeRR dliddieatth @Boll 4p9abdck 16 lequBPERAN A 1R 1E0Q oMt
19% an intensity of IOnWr%TQ f(c)lr 3 mnutes 1E)gsilng %eat00001
409 takps ime2atilingvicRtheaigicanvieniencanof He priocstureyehoe ifi prbchiscerous domains

were not allowed to cool, they would be hard to differentiate from malignant domains in the

next step. After the region reaches equilibrium, the region is heated 410 by exposure to MIR
radiation in a second waveband, 3250-3350 cm™, at an intensity of 10mW/mm? for 3 minutes
using heat lamp 24c. MIR radiation in the second waveband is absorbed preferentially by
tumors and is not absorbed by benign lesions. The region is then scanned 412 using detector

400 using a 3250-3350 cm’ exchangeable filter 23e. Thus the region is scanned 412
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absorbed preferentially by both tunors and benign

| esions. The region is then scanned 408 usi ng detector
wad7m8askh7 a 1600- 1700 cm 1 exchangeabl e filt erP@BH.2006/001139

Thus the region is scanned 408 sinmul taneously over a

wi de waveband 333-10000 cm 1 receiving a |large portion

of the available energy (getling the strongest

possi bl e signal) and over the band 1600-1700 cm whi ch

) is the waveband that shoyl. d nosh st r.ongl .
senul g B T e o R et | 0T HE. JEee Vi dpee portion of the
ilabliol | h 1 QDstiBlet he 1208!32403350 cm’,
avmlab%g?z&%%?%e%}?% F%r Iﬁ{%l}%@%ﬂ{bg%ﬁlﬁgﬂ he)aéléedé?gﬁ% to cool 4093 Cnfl
which tsafke svavebandatiali shgpuidobd hmst stomgleimidzatee of ntahignant lesions (getting

gnocedure, but if precancerous domai ns were not
the beshsippAldeineise ©H8), they woul d. be hard to differentiate

1f o’ YOI, ARARTund T S ik n#ﬁ?e PEXFounli Wear A tsBEpitiBEs lesions and
regi on reaches equilibriu the region Is heated 410
releaseByIfexp@alikseart GouMdRt Iatheatif iha ahomalose domding@uebhigter than normal

3250-3350 cm 1, at_an intensity of 10nVVnn% for 3
MIR ragigiiondbe {isst 498 sean butngs i ahe sopprd soaRidde BR lesionsyage declared 416
. second eband 4 f '
v YR PSRRI B R BB, FLBEETLR Ll AR fons o

becomé RERteERBNO0RGh& bthet Snnd) i€ Bighet Bian408nulSéigtaAc3RE0f@RH0414 in at
cm 1 exchangeable filter 23e. Thus the region is

least ope slomaih 11 bethithe tfinse sensl 4080eud the seeerd weapebthéhen the lesions are

333-.10000 cm 1 recej.vi.ng_a. l-arge, pqarti f. the .
assum AR Sapepaiind (S GG Rafte o3 Sipd ek byl cxdrlft 422, Similaty
if addifbeil ikt ABE iOMahd Uig iP aRtednriOca3 412 Bl ot thhfifh séah 408&hen the

waveband that should be nost strongly indicative of

test is e¢lagd amtonklesive iR 0(apdt the mpgtiertids bens tfoxs fugihar tastng @il do determine
ratiQ). If . nqg anonmalies are found 414 then the patient
“matkF%‘#ﬁ%WH“épﬁg?eéhﬁvguspicious | esi ons and rel eased. |f
AlBRBTRIH RS, P&t phtéddkbpbhi@Riohd mehGorRAQATIS YSeciRdHtioN are herein
3%?t hfbhé%’than nornalpRtR radi ation the fi?st 408 )
incorpeted ihuheinedtirety hytrefeseme natosha spetifRatiom do It savmsexdend as if each
. ...declared. 416 benign and the .patient rel eased.424. with. ..
individag) PPt GG B PP DRGSR TR rg fa gy indicated
i teQ MRASE BY Sefefdcd. NB QIS BARD: drfiadhiE@tiod BRBNy reference
tOkmlﬁgﬁ%g?eeggttan%éaaascfound 414°in at least one doqaﬁ%.
in thisi apphicttiontshell hbt b¢ censtmued @8 andmissonsthaiopghgeterentd 3s available as
. then the |lesions are assunmed 418 nal i gnant and the
prior agdp therpreseqt WEEUMor furt her testing and treatnent 422.
Simlarly if additional emttance is found 414 in the
second scan 412 but not the first scan 408 then the
test is declared inconclusive 420 and the patient is
sent for further testing 412 to determ ne what kind of
| esi ons she does have. AUpublications, patents and
pat ent applications nentioned in this specification
are herein incorporated in their entirety by reference
into the specification, to the same extent as if each

——




i ndi vi dual publication, patent or patent application
was specifically and individually indicated to be

w0 p@ongpsat ed herein by reference. In additi onPCT/IL2006/001139
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11.

12.

13.

citation or identification of any reference in this

application shall not be construed as an adm ssion
that such reference is availdBle as prior art to the
reseg% |nvent|on WHAT IS CLAIMED IS 1. A

hod for identifying an anomal ous
A0 B cHOOP Ly R By ROROR iR PSR ey 2 skin i 2

eps e ano

BIvRal of apatéel @ntpratin dg/the\gﬁ-lpsbﬁalthy tissue; b)
neasurlng an emtted radiation fromthe anomal ous

chabeeting the mosgleussonaain areﬁ@amtiaﬂg ovaw@pa&}ly Hewett i ng

3 D base a resu
ngsurlngn%%ia?‘ﬁ BeRRR G R Pl SRR Sawdt o
of heftdidBedting] atles appl ying infrar ed radiation in a
first waveband to the region. 3. The nethod of claim

2, Owheleding the m@pmalpgs dewpsin based oai & earbof samaame

S r.adi. t|on The t,hod cl.a
SR8 hobloncft el S Rela ot fieuhl ol b pind Bl
ﬂaafaﬁanﬁdamdmwmdlt@ﬂﬁrs,g@ﬁnd waveband t o the regi on.
5. The nmethod of claim?2, wherein first waveband

Theemgthed of elaimr 2 dvhereinateldofirsh wavehgnd difisrs frommpevave band of
cml. 6. The nmethod of claim1l, wherein

ﬁ%gﬁni%${¥%%mwadlatlon i ncludes a bl ack body radiation

The @efiBd P Blaind DI R @l Yy e étep:The met hod of claim
1, wherein the rg?l on includes a portlon of the breast

ofd)t heplpiagias mfrar rerdltﬁélonen heetonfl vavelhand ko thﬂwgkemn sai d

B Refiba EELA% kSl A SR TRES RS ok Tioe
atwgﬁen&nbe?hgo@tqtmgmdf cI al m 1, wherein said resul t is

a differential neasure of said emtted radiation. 10.
Tiiree meghtadoaf ofaing| ]al wheeinnkeed emmttehiralliationf sachidies al black body

lggﬁﬁﬁéﬁl%ﬁ%ﬁhW' %aﬂg“?%@ﬁ{hg)ngé??grgfnglglgbéctral
PRANYERLE of Rididen tieYeih MBe ARRITBIOMI IO PBItTon of the breast of the
patient.
The method of claim 1, wherein said step of heating is for a predetermined period
of time and said step of measuring occurs after said period of time.
The method of claim 1, wherein said result is a differential measure of said emitted
radiation.
The method of claim 9, wherein said differential measure is a contrast.
The method of claim 1, further comprising the step:

d) performing a spectral analysis to identify the anomalous domain.
The method of claim 1, further comprising the step:

d) determining a depth of the anomalous domain.
A detector to reveal an anomalous domain under a skin of a region of a patient
comprising:

a) a lamp configured to heat the region by exposing the skin to MIR



12. The nmethod of claiml 5 further conprising the

step: d) determ ning a depth of the anomal ous domai n.
wa0708wet ect or to reveal an anonal ous domai n RPETBEI20@/001139

skin of a region of a patient conprising: a) a lanp

configured to heat the region by exposing the skin to

MER. radi ation; b) a timer fo20turning off said | anp

after predetern1ned period of exposure; and c) a MR

sens&UFR reasuring a radiation enmitted fromthe

of Doy B AERPLIAr Sl e o TbreckfermieR BRGEPEL,

t o | expdsuiehendensitivity of said MR sensor to a first
narrow waveband. 15. The detector of claim 14, further
coftphiMdimeensey fon masaswing Mradisionsanitted frometieupging after

r adi ﬂédt&@ v!aﬂl &ufﬁﬁﬂfd waveband.

14. The detector of claim 12, further comprising:

d) a band pass filter to limit the sensitivity of said MIR sensor to a first
narrow waveband.
15. The detector of claim 14, further comprising:

e) A second MIR sensor for measuring radiation in a second waveband.



