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двýтRАст

The рреr рrсýепtý the rезчiв of роlаriаtiоп.сопеlаtiоп invcstigation of multiГractal collagen strчсШlс of
physiologiиlly поrmаl апd раthоlфсвllу сhапрd tissues о[ wоmеп's rергdчсtiче sрtвrе. Tk tcchnique of
plarirзtion Klcclion ofcoherent biotbsues' inages with the following detcrmination oftheiг autocorтelation functions

апd spкtral densities is suggesвd, 'Гk coпetation-optical сritеriа of eaTly diagпostics of pattюlogicai чhапgеs'

арFаrапсs о[ mуоmеtrу (tогmiпg of the gcrm of fiЬrоmуоmа) апd of uterine cetvix (рrкапсвrочs) аге dcteгrnintd,

The sugysted papr is directed to investig,ation оlФе possibilities ofpahological changes ofbiotbsues' morphologiиl

stгчсtше Ьу mеапs of detBrmining the plariationally filtered ачtосопеlаtiоп fчпсtiопs (АСF) arrd соrrcsрпdiпg
зркtrаl dcnsities oftheir соhегепt imаgеs,
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l. INTR0DUсTION

The stnrcture of thc фority of tisuн сап k rеgаrdеd as dочЬlе-соmрпепt шпоrрhовslу {iпtегmеdiаtе substance)b

crysвlline (optically uniaxial соllаgеп fibers) matrixl's. The analysis of pathological changcs of such а strчсtчrс shows

that tttcse changcs арреаrапсе сап Ье defiлcd as:

trлпоr formation of юft tiвsues of wоmап's reprфuctivc sфrе (WRS) rvith fоrmiпg of collagen mчhifrасиl пеý'
growth directiorrs6;

ýиtiýtic ехсrеýсепсе of чtегiпе cervix structurc?.

Tissue prohing Ьу соhеrепt light leadB to tho foTmation ofoptical signa|:

srx,r/*//f,,yj+U(.r,rj, (l)

thеrе U({ Il апd Iй 17 - rшdоm впd'hпЬdrорiс" соmрпепк ofobjoct freld, Th rutocorTelation fчпсtiоп ofthe

detected optical signal сап Ье defined Ьу following rеlаtiоп 1опе-dimепsiопаl сдsе il апаlрd for simplicity without

loss ol Benerality)t;

с"(д)"/,и*р(л)"ut.тЛlr,r*дr/+U/,Y*ДЙ, (с

This ехреsiоп can Ье trапsfоппсd to the following fоm,

G*(ат)=G'(а)+6*(.Iх)+G,,(*)+с,,(д). (з)

ln the case of statistically iпdерпdепt signal (Х) шrd noiso U(X) 00mрпепtý ше сап rеwritо Щ. 4 as follows:

Сопоiаiiоп lе.mý {, 
i 

" 
(JJ ), 6 ",", (,lJ ) fall 1о ?ero with the iпсrеаsiпg interval of iпle$ation .Ye Гiпаilу, *с have

о,,(д)=с',,(д)+с'""(.lх) (5}

The соmропепl (;'",,/а\') playý the rоlс of а noisc component iп tlre сочrsе of Gil/4{) definilion апd makes

inýufficien'ly effeыive the diagnosticat value ot U',1Д). l'hb рФlеm 0an Ье ýolvc{i Ьу polsIiиtion selection о1

соhяепt imago ofa diagnosed tissue,

'[he polariratkrn iЫures of'biolTactals сап Ьс totally doкribed Ьу the fоllопiпg Мчсllеt matTix'10:
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,l,, , cтsr ?/r + siи1 2p.cos J;

{у. !х, cos 2 р siп 2 f, l, сrх б ):

.{,, . -й, -slп2rsiл,ýl (?)

,/r, = siлl 2р+ cos' 2pg,os 6;

,|r,, -,[u= g*2rrir5,

il " CPýd,

lп these equations, thc magnitude р is the апgIв of orieпtation 0f the ftacal dоmлiп oplical цхh with respect to thc

iкidcnce рlапс. and Ё iý (hý induсod phaýg ýhih As а rеsчlt of liпепrlу poloriaed laser Ьиm propagation through ап

сlЁmепt 0f multifTacal collagcn nel, ап ohject lield is induoed with following values ol'thc azimuth л апd the

polariratioп ellip(icity Р|

ч , 0.5 а|сиl !!!!g?cn + /,,slл Ja, \

1Д,саl;со+/,,Ллfrf' (8)

л " 
(',,tаrсййсоr 2ц+ !п,siп7ап).

llerc с1 is ]hе рolarization аrimцth of illuminating lаsсr hеаm. lt спп Ь scen tlut lhe iпаgе 4ontra9l oi а liaclal
liagmont against the brckground ofan аmоФючS sчЫапсс will Ьt dФcrmined Ьу the following еqпаtiол:

l,b,e).k l_-!:Д!:8., (9)
'" l.+! д+дl.В

il.!J,, (l0)

я =c:or'(a *@|*wt' рsiи'(а-@). (ll)

G*(д)=G',(д)+с'*(аr)+66"(л)+с**(д), (4)



Ё = co.r' @

Hcrc l Д аrе thc intcnsities ol'background rпd object sigпаls induced Ьу amorphous апd crysшlline соmрOпепtý оf
tissuc for rалфm value ofthe rotation angle ofthe potarizalion axis of апаlуzеr Ф; /а с' - corespnding intensirics in

the case of о*0l

Multifractal соllаgеп structurs oftissue iп lhe рlапе ofhistological section pssesses а widc variety оfrапdоm чдluсs of
the оriепlаtiол р snd the optical aniýotropy d. апd. conscquently, the сошdiпаtе<hкпdепl polaгizalitln раrlmеtеrý
о|Л:, |'); NХ, I| оfЬочпdаry field, 1'hat's why thc level ofvisuslialion otsuch а mukifractal пеt iп the соhсrепt rmage

чi}l Ье determined as lollows:

r.(в)* I

Thc computer gimulаtiоп shows the wiФ rапgе iп which thc чisцаlizдtiоп pammctet Уlф О/ сhапgеs, The largest

vaiue is obtained ,лhеп thc rolation апglt о[ the analyzer d is cloBe to 900. ln this саýс, the objcct signal сап Ьс

рrсsфМ аý:

s'(x)* l'(x)+ l-(x),

апd autocoпelation funution hrs the following form:

(l2)

( l:i)
j

I и(О" ,Wl,а,!J,

3. пхрЁR|мЕNтдLRЕýULтý

The follo*ing grочрs of tisзue яmрlеs wеrе investigated ехрвгimепиl|у: histological sections of mуоmеtу (tie WRS
hiotissue) * group А: histologicдl seotions of чtиiпе сепiх - grочр В. The thickness оf яmрlеs vas l0 шm that

corrcsponded to the сопditiоп ofa single scattring. Figurе2 pTescnts images ofsuch scctions, Obtаined in tho ctossed

(il:t) plarizи and analyzer. Normal structure of tissues А and В Ь shown iп figures 2а, 2d. *hile tlre figures 2Ь, 2с,

?с, and 2fргеsепt the pathologically сfiапgеd tissues.

Соhевпt images of mуоmеtry tiýue flith pTobablc fiЬmmуоmа поdеб (fiagments 2Ь, 2с) arc сhаrасlсгizеd hу optically
aniBotropic collagcn net Ьеiпg сOmраrеd with поrmаl tissuc (ftagmшt 2r). Тhs рrcсапсsгочs ýtate hчmап uterine cervix
col|agen net (frаgпепts 2е, 20 Ь characterized Ьу sufficient епlацсmспt аМ diюrientatioп in соmраrisоп with the

heallhy iiýsue (fragment 2d).

Figure 3 illustrates the sегiеs ofACF's fог coherent imagcs оfmуоmсЕу tissue with рrоЬаЬlе tiholrryoma gcrm, 'IЪеsе

irnBges wеrе оЬtдiпеd t'or the fo|lowing cases of analyzer axis оriепtаtiоп: 0", 45' апd 90' (figurcs tа, 3Ь, 3с). Тhе
соrrеsропdiпg spctral densities аrе illustraМ Ьу graphs 3( 3е, 3f. All autocoTrelaliotl fuпсtiоп exhibit а peak in the

оrigiп that is геlаtеd to white поisе tonnected wilh rапdоm intcnsity Пчсtчдtiопs in tissue соhеrепt image. Onc сап

оЬепе the ехtгеmа assemblage оп АСГ иih. Thesc pФuliarities are щsociatcd with рrеsспсе of quasi-priodic
соmропепt iп the stгчсtчrе ofplarization imagý ofmuhifi,actal net,

Pigurt 4 presents thc results of the соmрагаtiче polaгization*oпelation analysis of coherent imаgеs of поrmаl (4а, 4Ь)

and palhologically changed mуоmеtrу tisstB (4с, 4d). lt сап Ь sееп that the cofiёlation ýtrчсtчrе of polшization images

of physiologically поrmа| mуоmеtry docý not contain апу ýufficicntly marked fluctuation соmрOпепt, The fihroпуоmа
gеrm forming is manifested iп the increaýing amplitudc crl'flucluatiom (in l.E-2 timеф of ACt' tails and thс схtrеmа of
quasi.diкMe sресtrа 51l{ч/ of polariation imageý of multifracиl colhgen псt.

Сhшgеs iп plaliиtiondepndent ACFs and sрсtгаl densiticý ýl/t' of intcnýiry diýtribuilоný fог соhеrепt imagcs of
hчmап uterinc cervix are illustгated Ьу figure 5, The significant diфrcnce оfачtо.оогrеlаtiоп peak hall'-width Сх:' -

Дл Qraphs 5а. 5Ь, 5с) and power ýpectв.ý,йyp.()l (frа8mепк ýd, 5е, 5f) slrould Ье поtеd fоr алаlуаеd соhёrепi

images of the dеrmа lауеr. It is obvious that theýe lendencicý аrе related to ап iпсrеаsе оfсhаrасtеrisliс size of со|lаgеп

ýtrцсtчrсý, ln its tum, this lйdý to ths iпсrеак of conclation lепф r'xa and сопсsпtrаtiоп of the intcnsity in

роlкiиtiоп images of collagen ýtгчсtчгеý iп the vicinity of zеrо ýpatial fTequency v, - 0. Figure б dbplays thc

hiпograms of distгibution ol ptameteB Дхп lnd ý"/v;.0i for сфеrепt images оГ 38 samples of physiologically
поrпаl чвriпе ccrvix апd 4 l samples ofthe ие.сапсеfочs utýrine ccrvix.

4. ýUммАRY

Tho presented resulв show t}B роtелtiаlitу of the роlаriаtiоп соrrеlоmеtу of the tissue соhкепt images for
diagnostical applications. The study ofpolarization.correlation structure oftbsue object fields gives thc pssibility:
l. to deBrmino the stochastic quasi-pTiodic componеnl in tiýýue ýOhеЕпt imagcs, which rr identified with ths
oricпtrted strцсtчrе oftissue muhifractal nctl

2. to dеfiпе the spatial-fTequcncy structurc ofoptiиlly апiюtrорiс frасиl соmролtепt ofbiotissue;
3. to diagnoк the арраrапсе апd dynamics of thc progrcss of pathological changes iп morphological structure of
tissue со|lаgсп пеts,
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Ъчs. this rclation illustгates the pssibilities of ачtосопеlаtiоп_апаlуsis of пultiftacиl соmрпепý iл tissче соhеrспt

images. lп th€ ассоrdапсе with WiепеьКhiпtсhiп thootcn', it is сопчепisпt to use the spctTal density fоr
thагасtеdиtiоп о[ such componant:

.l,,(rr). JC;(ar) coslltv,xdx, (16)

whеrе ч, is the spяial ftеqчопсу. Дпаlуsiз of oМined relations shows thtt арраrапсе of pathological сhапgев, leading

to the fогmаtiоп oftissue multifrrcEl collagen ýtrцсшrе (tumor fоrmаtiоп) is соппесtеd with аррагапсе of oýcillationý

0f G'",(Д'i oscillations. As а resull, а qutsidiscrcte sресtrчm ýо(уд) арреаrý. Оп thc сопtтаry, the очеrgroиh апd dc-

orientation of the aкhbtolric collagen net (psoriasis) r,vill Ь mапifеаеd iп smоойiпg 6',/r'X) апd аррсатiп8

сопtiпчочý spoctrum ýoryol,

2, ЕхрЕRIмаNтдLýЕтUр

Figuв l illustrates the scheme ofexprimental ýеtчр. thс Ьеаm ofНe.Ne laser l (l=0,632E рm) is collimшed Ьу the

lcns system 2 апd рýs€ý thrочф thu polmization чпit (}J4 plaв 3 tпd phriвr 4) апd after фis falls оп samplc 5 which

is placed in the tччепе wfuh physio|ogical soiution 7. 1lrc objective 8 projeýý the co}rercnt image of histological section

ihrочф thc шаlуаеr 9 оп ССD+опев соппесtеd r+ith РС l l. Tfte detected роlшiшtiоп imпgBs аrе digitized witlr use

of 256 ру lcvel scale; the imце bmat wаs 800х600 pixcls.
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Figчrс l: Optioal Kheme ofthc ехрсгimепt.

Figuro2: Соhеrcпt imapB of WRS (Wопшп Rqtodшtivc фhсш) mуоmаrу шd цмiпg сsпiх,
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}'iguп 3: 11в dупаmiсs ofpolatizBtion сhrпgсs in the АС}' апd щссЫ dcnsiti$ оfсоhсrспt imце of mуоmttrу with the ршhаЬlс
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Figutc l: FoМrrtlon*иBlatiorl ý*ucrur€ оfчМпе c{pix ýоftйиa iпвgЁr in th! nйmrlrrd Вholоglсдl ýt M,
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Fig.t, Т.ttз pobabllity ýЕчФчfе of tla ДСF tл) ard sршrд! dФsitisý Ф) of rrtcгirr ссп,П GdЕrспt imарs, l .. tlE
higtognmrof рhрЫфсаttу поrmаl tiзlчо; ? - the histo8ýmB fuf pмarlссrfirý ч!ffiпе с!Мх.
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