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Ondody3noHHo-B3BeweHHas MPT (OB-MPT) 4yBCTBUTE/NbHA K apXUTeKType 6M0/IOrMYeckon TKaHU
Ha MUKPOMETPOBOM MacliTabe. MccnepoBaHMe KOHKPETHbIX MEXaHM3MOB, JIeXaluX B OCHOBE U3Me-
HeHun B DW-MRI, MOXeT NMpMBECTU K BBEAEHUID HOBbIX AUGPEPY3HbIX KOHTPACTOB, CreuudUYHbIX
O/19 KOHKPEeTHbIX MpoLEeccoB gereHepauuu 6enoro BewecTsa Mosra. Mbl pa3paboTann MeTog peHop-
Ma/sIM3aLMOHHOM Fpynnbl A1 U3y4YeHUs BAUSHUSA 60/bLLOr0 AuanasoHa MUKponapamMeTpoB Ha Ko3g-
duumeHT AU PYy3nM U NPUMEHUU €ro K pas/IMYHbIM BUAAM Teccensiuum 6monormyeckor TkaHu. Haw
noaxop, y4UTbIBaeT B/iMsiHME 6ecropsajKa v No3BoJiSeT KOJIMYeCTBEHHO UCC/IeA0BaTb YyBCTBUTE/IbHOCTb
ko3dpPpuumenTa andpdysnmn K UsMeHeHMSIM LOMUHUPYIOLLEro HAabopa MUKpoNapaMeTpoB.
Diffusion-weighted MRI (DW-MRI) is sensitive to biological tissue architecture on a
micrometer scale. Determining whether it is possible to infer the specific mechanisms that
underlie changes in DW-MRI could lead to new diffusion contrasts specific to particular brain
white-matter degeneration processes. We have developed a renormalization group method
in order to explore the effects of a large range of microparameters on apparent diffusion and
have applied it to different kinds of biological tissue tessellations. Our approach takes the
influence of disorder into the consideration and it allows quantitative investigation of the
sensitivity of apparent diffusion to the variations of the dominant set of microparameters.

BBEJAEHUE

CurHan B 1udPy3HOoHHO-B3BellleHHBIX ([]B) axcIepu-
MeHTax MarHUTHO-Pe30HaHCHON ToMorpaduu (MPT)
Ype3BbIYALHO UyBCTBUTE/IeH K MOJIeKy/ISPHOH AHUHA-
MHKe MOJIeKYJ BOAbI B IOKaJIbHOU reoMeTpHUYeCKON
U Gu3HoIoruueckon cpefie. McciefoBaHHe KOHKpeT-
HBIX MEXaHH3MOB, JIeKallUX B OCHOBE M3MEeHeHHH
curdasna JIB-MPT, aBisgeTCcsS HHTeHCUBHOM 06/1aCThIO
HCCIeJOBAaHUN U MOKeT IIPUBECTHU K HOBBIM IIOJ-
XOLaM B CO3MaHHU KOHTpacToB [IB-MPT, KoTOphIe
CrelMUYHBI [/ KOHKPETHBIX IIPOLeCCOB JereHe-
panuu 6esoro BemecTBa Mo3ra. OLHAKO CJIIOKHOCTb
IUGPY3HOHHOIO MOBeeHMS M3-32 KOMIIapTMeHTa-
nu3anuu, obMeHa, OTpPAHUYEHUH U AHU30TPOIIUH,

HaJlaraeMBbIX KJIeTOYHOM MHUKPOCTPYKTYpPOH, IIpe-
MSTCTBYeT YCTAHOBIEHHIO KOJIMUeCTBEHHBIX COOTHO-
IMIeHUN MeXAy AUHAMHUKOM U CTPYKTYPOH. B mocnen-
HHe Tofbl 6bIIM IpeAIPUHSTH O0NbIINe YCHUIHS
IJIs. UHTepIpeTaluy AUPPY3UH B TKAHIX MO3ra
C UCIIONIb30BAaHHEM TeoMeTPHUYECKUX MofeneH [1-3].
B Hamel paboTre MeTOA pPeHOPMANH3aLIMOHHOMN
rpynmnst (PI) [4, 5] pacimiupeHHOM MoJenu baccepa -
CeHa (BC) [2] 6511 BBIIIOJIHEH C YYeTOM BO3MOXKHBIX
Pa3IHMYHBIX IVIOTHOCTE! YIIaKOBKU aKCOHOB 6e710ro
BelllecTBa. IIpyu 3TOM pa3HooOpa3HbIe TecCeasiUuU
OBLIM CMOZIETMPOBAHEI C UCII0JIb30BAHHUEM CBOMCTB
CUMMeTPHH siUer KU Buruepa - 3enTua (B3) [6-9] co
CJIy4YaHMHOM BePOSITHOCTBIO 3aII0JTHEHH .

1 Kadesnpa 6MOMEANLMHCKOrO MarHUTHOTO pe3oHaHca, MHCTUTYT 3KCnepuMeHTanbHon ¢usmnkm, OTTo ¢oH Mypuke yHUBepcuTeT Margebypra, Mar-
nebypr, FepmanHns / Department of Biomedical Magnetic Resonance, Institute for Experimental Physics, Otto-von-Guericke University Magdeburg,

Magdeburg, Germany.

2 Kadenpa Hepodpumsunkm KMH MMW, Nennuwr, Fepmanus / Department of Neurophysics of CBS MPI, Leipzig, Germany.
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Puc.1. a - keadpamHebie U 2eKcazoHanbHble S4eliku B3. Takyxe npugedeHa uaaocmpauus cmpykmypbl 6eA020 U cepozo eelecmaa
Mo324a; b - usemosas KoOUposKa c8oLicme 8cex KOMNOHeHMo8 6uoAozuYeckol mKkanu; ¢ - 2D keadpamHas u 3D kybuyeckas s4el-
Ku B3; d - npouecc P 2D u 3D. OuegudHo, Ymo dupy3us 3agucum om Egkaudosoli pazmepHocmu

Fig.1. a- square and hexagonal cells of WS. Schematic of the structure of white and gray matter of a brain is also given; b - color coding
of components of biological tissue; c — 2D square and 3D cubic cells of WS; d - process of RG in 2D and 3D. Clear that diffusion depends

on the Euclidean dimension

METO/[bl UCCIEAOBAHUSA

Ouddysus B 6e1oM BelleCcTBe MO3Ta MOJETHUPO-
Bajach [JIsl MOIIEPeYHOr0 CedyeHU s, 3aI0JHEeH-
HOro 6eCKOHEYHO JJIMHHBIMH, ITapajiebHBIMHU
LUIHUHAPAMHU, IPEACTABISIOMUMY MUETUHU3U-
POBaHHBIe AaKCOHBI, IIOTPy>KeHHBIe BO BHEKJIETOU-
Hylo MaTpuny (puc.la). Cnenys monmenu BC, Mbl
XapaKTepHu3yeM aKCOHBI C IToMomnbso D, (nuddy-
3UsI MHeJIMHOBOM 06004uKH), D, (nuddy3us akco-
HOB) K COOTBETCTBYIOIIMMHU IIJIOTHOCTSIMH IIPOTO-
HOB, C,, U C,, KOTOpble UMeIOT BHEIIHHUH PagHUYC,
R,,, ¥ BHYTPeHHHUHU pajuyc, R,. Takagd CTpyKTypa
IIOTPy>KeHa BO BHEKJIETOYHOE IIPOCTPAHCTBO C AUb-
dy3ueit D,, IIJIOTHOCTBIO IIPOTOHOB C, ¥ JINHEHHBIM
pa3mepom L. CBOKCTBA BCeX KOMIIOHEHTOB HMEIOT
LIBETOBYIO KOJHUPOBKY, KakK Ha puc.lb. Ecnu mpen-
IIOJIOKUTH, YTO CTPYKTypa 6e/1oro BerecTBa MOXKeT
6pITh 06beJUHEHA B SYeUKHU B3 ¢ pa3IUYHBIMHU

CUMMETPUSIMH, HaOpUMep, KBaZPaTHBIMHU
(sq, puc.la) u rexcaroHansHbsMu (hex, puc.la),
TO MOXXHO PacCYUTaTh AUPPY3HMOHHEIE CBOM-
CTBa, UCIOJB3yd Mofenb BC [2]. JIBa TuIa g4eek
B3 MoryT 6BITH CIy4alHBIM 0b6pa3om pacmpepe-
JIeHBI 10 pellleTKe C BEPOATHOCTBIO P, UTO S4YeHKa
B3 mycTas, u (1 - p), uTo B3 3aHsATAa BOJIOKHAMHU.
Ha puc.2a,b yepHas siuerika B3 yka3eIBaeT Ha IIpU-
CYyTCTBHEe BOJIOKHA, a HAaJIO)KeHHAas AyajbHas KeJl-
Tas pelleTKa - HAa CUMMETPHIO. BepIIMHEL JKeJl-
TOM pelleTKH IIPHUCBAHMBAIOTCA CAY4YaHHBIM S4el-
KaMm B3. PaHIOMM3KHPOBaHHOE 3aII0JIHeHHME 4eeK
B3 IpPOTHUBOIOIOXKHO YIIOPALOUYEHHOMY IIPOCTPaH-
CTBEHHOMY paclipefejleHHUI0 BOJIOKOH, OIIMCAaH-~
HoMy B Mofenu BC [2]. Ha KBafpaTHBIX K FeKCaro-
HaJIBHBIX pelleTKaX CO CIYYarHO 3aHATBIMHU siUek-
KaMH MOXKHO BbIAeNUTh KiaacTtep PI [4, 5]. Bce HeBBI-
POKAeHHBIe KOHQUTYPALIMH YepHO-6ebIX siueek
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Puc.2. Omo6paskeHue cA0XHOL 2eoMempuu MKaHu Ha pewemky. YepHas s4elika B3 yka3wieaem Ha npucymcmeaue 80A0KHA, d HA-
A0XKEeHHAs XXeAmas peliemKa yKkasbledem Ha cummemputo keadpamuoli (a) u zekcazoHaabHol (b) mecceasiyuu

Fig.2. Mapping of the complex geometry of biological tissue on the lattice. Black cells of WS represent the presence of white matter
fibers, and overlaid yellow color lattice demonstrate the symmetry of square (a) and hexagonal (b) tessellation
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Puc.3. Hegbipoxx0eHHble KOHGU2ypauuu YepHo-beAblx sHeek B3
dns knacmepa keadpamHoli (a) u 2excazoHaabHoli (b) mecceasuuu
Fig.3. Non-degenerated configurations of black-white cells of WS
for clusters of square (a) and hexagonal (b) tessellation

B3 mis Takoro KjacTepa mnpeAcTaBeHbl Ha pHuc.3a
I71 KBaZPaTHOM TecCeNsIIUU U Ha puc.3b g rek-
caroHanabHOM Teccensuuu. Ha puc.4a,b mpo-
Lecc mepeHOPMHUPOBKU MacmTaba nsobpaskeH
Og cnenuUYecKoro pacipeneaeHuUs KIeTok B3.
MaTteMaTH4yecKH TaKou mpouecc PI MoxkeT ObITh
OIIMCaH CHUCTeMOH HeJlHHEHHBIX YPaBHeHHHU l.
B Ttabn.1 npeacTaBaeHbl GOPMYIIBL AJISI BEPOSITHO-
CTH TX U UX YHCeN BHIPOKAEHUS /15 KIACCOB Mepe-
HOPMHUPOBOYHBIX I'PynII (puc.3a,b). 9Tu ypaBHeHUS
comepykaT ypaBHeHHe la, omuChIBalollee IpoLecc
PT nisi BHeKJIeTOYHOU obnacTu. YpaBHeHU lc,d
OBIZIN IOJy4YeHBl B COOTBETCTBHUU C IIPaBUIAMH,
NpHUBeJeHHBIMU B IocCleqHeM cTonbie Tabn.l,

INTRODUCTION

The signal in diffusion-
weighted (DW) magnetic-res-
onance imaging (MRI) exper-
iments is exquisitely sensi-
tive to water molecular dynam-
ics in the local geometrical and
physiological environment.
Determining whether it is pos-
sible to infer the specific mech-
anisms that underlie changes
in the DW-MRI signal is an
intense area of investigation
and could lead to new model-
ling approaches for generating
DW-MRI contrasts that are spe-
cific to particular brain white
matter degeneration processes.

However, the complexity of the
diffusion behaviour due to com-
partmentalization, exchange,
restrictions and anisotropy
imposed by cellular microstruc-
ture, hinders the establishment
of relations between dynam-
ics and structure in a quanti-
tative manner. In recent years,
increasing efforts have been
made to interpret diffusion in
brain tissue using geometri-
cal models [1-3]. In our work,
the renormalization group (RG)
method [4, 5] of an enhanced
Basser-Sen (BS) model [2] was
performed taking into account
possible different packing
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densities of white matter axons.
Various tessellations were mod-
elled using symmetry properties
of the Wigner-Seitz (WS) [6-9]
cell with a random probability
of occupation.

RESEARCH METHODS

Diffusion in brain white mat-
ter was modelled in a cross-sec-
tional raster filled with infi-
nitely long, parallel-aligned cyl-
inders representing myelinated
axons immersed in an extracel-
lular matrix (Fig.1a). Following
the BS model, we characterize
axons by D, (myelin-sheath dif-
fusion), D, (axon diffusion) and
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Puc.4. lNepeHopmuposka macwmaba 0as cneyuguyeckozo pacnpedereHus KAemok B3
Fig.4. Renormalization of the scale for the specific distribution of cells of WS

PE3YJ/IbTATDI

MBI UCII0/Ib30BA/IM Hada/IbHBIE 3HAaYeHHsI MHKPO-
CKOIIMYeCKUX NapaMeTpoB X, NpPHUBeJeHHBbIe
B Tabn.2, gnsga mMopmenu BC OJsg OLleHKU HHUXK-

U IIJIOTHOCTBIO BEpPOSITHOCTH (ypaBHeHHe 1b, rae
8(x) - menpra-dpyHkumMs Jupaka) [4-9].

- K . .

Pm‘ngrn (1a) Hel (uHAeKkCc L B 0603HAUeHUSIX, YePHBIHA KBa-

n n IpaT UM MeCTUYTOIbHUK Ha pHUC.3a,b) U BepxHel
P,..=(1-p,)8(D-Di")+p,8(D-DY") (1b) P y pe. P

(nHpeKc B 0603HaueHHUsx U, 6eIblll KBafpaT UIH

Dy =<DtU’n> (1) IIeCTHYTOTBHUK Ha PHC.3a,b) rpaHULBI ITONIepey-

Di,,n+1=<DtL,n> (1d) Hou nuddysuu (t nHAeKC B 0603HaUeHUIX). [Ipu

5ToM 6BljIa yuTeHa pa3JiM4YHas IJIOTHOCTH yIIa-

KOBKHM aKCOHOB. 3aTeM MBI OLIeHHUBAJIH ypaBHe-

- 1100 o o

ADC g =(2D; +D)/3 (2) HHUe 1 A5 pasJIMYHBIX 3HAUeHHUIN BHEK/JIeTOYHOM

obvemMHON Honu p. Bo Bpems nmpouecca PT apdex-
(3) TUBHAs ,uncpcpym/I;L{ npubnuxkaeTcs K YCTOMYUBOHN
Toyke DY "% = DI "?® = DP?® koTopas 3aBUCUT

S =|dlog (ADC 4 )/dlog(X) |

corresponding proton densities,
¢, and c,, which have outer,
R,,, and inner, R,, radius. Such
a compartment is immersed in
an extra-cellular space with dif-
fusion D, proton density Ce and
linear size L. The properties of
all components are color coded
as in Fig.1b. If we suppose that
white matter structure can be
tessellated by WS cells with dif-
ferent symmetries, for example,
square (sq, Fig.1a) and hexagonal
(hex, Fig.1la) then it is possible
to calculate the diffusive prop-
erties using the BS model [2].
The two types of WS cells can
be randomly distributed on the

lattice with a probability p that
WS cell is empty and (1 - p) that
WS is occupied with fibers. In
Fig.2a,b, a black WS cell indi-
cates fiber occupation and the
overlaid yellow lattice is pris-
tine one. Vertices of this dual
lattice are assigned to the ran-
dom WS cells. Random occupa-
tion of the WS cells is the oppo-
site of the ordered spatial dis-
tribution of fibers described in
the BS model [2]. On the square
and hexagonal lattices with ran-
domly occupied cells, it is pos-
sible to outline a RG unit [4, 5].
All non-degenerative configu-
rations of black and white WS

cells for such unit are presented
in Fig.3a for square tessellation
and in Fig.3b for hexagonal tes-
sellation. In Fig.4a,b the pro-
cess of scale renormalization is
depicted for the specific distribu-
tion of WS cells. Mathematically,
such RG process can be described
by a system of nonlinear equa-
tions (Eq.1). In the Table 1,
equations for probability rk
and their degeneracy numbers
for classes of renormalization
groups (Fig.3a,b) are presented.
These equations comprise Eq.la
describing the RC process for an
extra-cellular region. Egs.(1c,d)
were derived according to the

VoL.13 No. 3-4 (97) 2020 NANO INDUSTRY
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Tabauua 1. DnemeHmbl PI-a4eliku 0As pasAuYHbIX KoHpu2ypauuli Kaacmepa

Table1. Elements of RG cell for different configurations of cluster

BeposTHOCTD, r¥

Probability

Degeneracy

BbipoxaeHue, g,

dddekTnBHas anddysus, DY/

Effective diffusivity

|:| (-p,)* 1 DL
I ph(1-p,)? 4 @DE"DY "+ Dr " (DE "+ D" M) / 2(DE "+ DY M)
1] p2(1-p,)* 4 @D:"DY" "/ (DE "+ DY ")
\Y p(1-p,)* 2 (DE"+ DY ") /2
% p3(1-p,)* 4 @DL"DY "+ Dy " (DE"+ DY ™M) /2(Dy "+ DY ")
£ Ph 1 pYn
G T e e
I p(-p,)? 3 @D-"pY " / (DL "+ DY ")
1] p2(1-p,) 3 (2Dt "Y' ") / (DL "+ DY ")
v Pa 1 pY-n

OT THIIA TeCCeMSIIUU TKAaHU (PUC.5, KPACHBIN U Uep-
HBIM 1IBeTa IPeACTaBASIOT KBaJPAaTHYIO U [eKCaro-
Ha/IbHYIO YIIaKOBKH). [IepBBIH IIAar UTepallUH i faeT
KJIaCCHYeCKHe pe3yybTaThl U3 mozenu bC. ScHo, uTo
KaK B KJIAaCCUYeCKUX MOJEISX, TaK U B pacIlhpeH-
HBIX MOJIe/ISX [IJIOTHOCTb YIIAaKOBKH aKCOHOB BJIHSIET
Ha 3 PeKTHUBHYIO IIOIIePeYHYyI0 NUPPY3UBHOCTS.
Ha puc.5 nns 060uX c1y4daeB IJIOTHOCTH YIIaKOBKHU
MBI HabaomaeM CyLnieCTBEHHBIe IMHEHHbIe QIIIOK-
TyallMM B Havaje UTepallMoHHOro mnpouecca (I),

Tabauua 2. Ha4anbHble MUKponapamempei
Table 2. Initial micro-parameters

MapameTp X BBoauMas Xs=Ra 6,57-10°m
Parameter X BeJIMYMHa
Input value
X=p [0:1] Xs=Rp, 4105 m
Y%=, 2102 m?/s X;=Co 0,95
X3=Dy, 0,3:1079 m?/s Xg=Cpn 0,5
X,=D, 0757107 m¥s | Xo=C, 0,88
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KOTOPBle JOCTUTAIT TOUYKMU ycTorMuuBocTH (III)
4Jepes peskuM HenuHenHoCTH (II).

Ha puc.6 npezncTaB/ieHa YyBCTBUTENIBHOCTD S (ypaB-
HeHUe 3) BeTUYHUHBI ADC, ¢ (ypaBHEHHUeE 2) K pa3INYHBIM

2,0

Puc.5. Mpouecc Pl-npubauxkeHus K ycmouyugol mouke, mo
ecmb 3¢ppexkmusHol dupdy3suu

Fig.5. Process of RG approaching to the stable point, i.e. effec-
tive diffusion
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Puc.6. YyscmsumenbHocmb S (ypagHeHUe 3) 8eAUHUHbI ADCysf (ypasHeHue 2) K pa3AUYHbIM U3MEHeHUSM MUKponapamempos X

8 6U0n02UYeCKU 3HaYUMoM npedene p~0,2

Fig.6. Sensitivity S (Eq.3) of ADC, (Eq.2) to the variation of microparameters X in biologically relevant limit p~0,2

HM3MeHeHHUSIM MHKpoIlapaMeTpoB X B 6HoIOrn4ecKku
3HaYKMMOM Ipefnesne p~0,2. [l CpaBHEHUSI MBI [IPU-
BOAIUM KjIaccH4YecKkue pe3ynbTaTel BC. Mbl 0603HauaeM
X, KaK BHEKJIETOUHYI0 06BbeMHYI0 [0N10, X, ~ BHEKJIe-
TOuHYI0 1HdY3HIo, X; - IUdPy3HI0 MUETHHOBOM 060-
n04KH, X, - AU y3HI0 aKCOHOB, X5~ CPeIHHU pa3Mep
AKCOHOB, X~ CPeHUH pa3Mep MHeTHHOBOH 060/I04KH,
X;~ IJIOTHOCTb BHEKJIETOYHBIX IIPOTOHOB, Xg ~ [JIOT-
HOCTb IIPOTOHOB MHUEJIHMHOBOK 000/104KH, X, ~ IIJIOT-
HOCTb IIPOTOHOB aKCOHOB.

OBCY)XAEHUE W BbIBOADI

Hcronp3ys MmeTo PI, MBI pacCUYHUTaIN YyBCTBUTE/Ib"
HOCTb ADC,.¢ K Pa3/IMYHBIM H3MEHEHUSIM MHUKPO-
IIapaMeTpPOB U IIJIOTHOCTH yIIaKOBKH aKCOHOB. MBI
obHapykunu, 4T0 ADC,¢f JEMOHCTPUPYET HaNb0JIb-
IIY0 YyBCTBUTE/IBHOCTh K BHEK/IETOUHOHN 00eMHOM
mone U nubPysuu /i BCeX TUIIOB IIJIOTHOCTH yIla-
KOBKH aKCOHOB. DTH JaHHBIe YKa3bIBAIOT Ha BO3MOXK-
HBIH MexXaHHU3M 00bsICHeHU S H3MeHeHUH ADC, BO
BpeMs IIPOrpecCHUPYIOLIero HelpoAereHepaTHBHOIO

rules given in the last column
of Tablel and probability den-
sity (Eq.1b, where §(x) is a Dirac
delta-function) [4-9].

Pra = 28 (1a)
P,,,=(1-p,)§(D,-D:"
n+l ( Pn)( t t )+ (1b)
+p:d(D~D")
DYt = (D) (10)
DI = (D)) aa)
ADC,g=(2D7"" +D)/3 (2)
S=|olog (ADC 4 )/3log(X)| (3)

RESULTS

We input the microscopic param-
eters, X, taken from Table 2 into
the BS model to estimate lower
(L superscript in notation, black
square or hexagon in Fig.3a,b)
and upper (U superscript in nota-
tion, white square or hexagon in
Fig.3a,b) bounds of transverse
diffusivity (t subscript in nota-
tion). The packing density of
axons was taken into account.
Then we were solving Eq.1 for
different values of the extra-cel-
lular volume fraction p. During
the RG process, effective diffu-
sion approaches the stable point
DY n>® = pL.n>® = pPI>® which

depends on p and tissue tessel-
lation type (Fig.5, red and black
colours represent square and
hexagonal packing). The first
iteration step i gives the classi-
cal results from the BS model. It
is clear that as in classical mod-
els, as in enhanced models, the
packing density of axons influ-
ences the effective transver-
sal diffusivity. In Fig.5 for both
packing density cases we observe
large linear fluctuations at the
beginning of iterations (I) which
approach stable point (III) via
regime of nonlinearity (III).

In Fig.6 the sensitivity S (Eq.3)
of ADC.¢ (Eq.2) to the various X
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3aboneBaHUs. Takke oTMeTHUM, 4TO ADC ¢ NeMOH-
CcTpupyeT bojee HelTMHENHOe II0BeJleHHe OT p BCJIe[-
CTBHe OJIOKMPYIOIIHX 3O PEKTOB, KOTOPBIE OTCYTCTBYIOT
B YIIOpSIZOYEHHOM Mofeu 6es1oro BelecTBa MO3ra.

AOMONHEHUA

MeToq, nIpeiCTaBIeHHBIN B JAHHOU CTaTbe, MOXeT
OBITH MIPUMeHEH K APYTUM pa3bUeHHUSM B [BYX-
(2D) u TpexmepHOM (3D) EBKJIK0BOM IIPOCTPaH-
cTBe. Pe3ynbraThl A 2D KBafgpaTHBIX U 3D Kybu-
YeCKUX pa3bHeHUN [IpeACcTaBIeHBl HHXe (puc.1Aa).
PacyeTsl [ 3TUX Cly4daeB CJefyIOT IIpoLenype,
OMKMCAaHHON B ceKUKHU "MeTompl". CrieUPHUIHOCTD
Pe3y/abTaToB 3aK/IKYaeTCs B 3aBUCHMMOCTH OT pas-
TUYKU pelleToK. M3-3a JO0MOJIHUTeIbHOM pPa3Mep-
HOCTH 3D-C/1y4ai xapaKTepu3yeTcs: 6OJIBIIMM YHC-
JI0M KOHQUTIYpaLlMH, YTO HEBO3MOXKHO IIpefCTa-
BUTh B JJAHHOM CTaTbe TaKUM e cIrocobom, Kak
Ha puc.3. Puc.1Ab meMOHCTpUpYeT CXOLHUMOCTD
IUPOY3MOHHOTO KO3QPUIIMeHTa AJIsI Pa3sIHYHBIX
IIPOCTPAHCTBEHHEIX pa3MepHOCTeHd. MbI Habiro-
JlaeM CylleCTBeHHOe pasjauuyue mexnay 2D u 3D
st p~0,35. 9To MoKeT 6BITh 06BSICHEHO Pa3IHU-
HBIMH I1epPKOJIALMOHHBIMH IIOPOTAaMH KJIACTePOB
B 2D u 3D. bBojiee HHM3Kasl KOHLIEHTPALlKs TeHEPHU-
pyeT MeHbIllee YKC/IO CaMoIlepecedeHHI U BefeT

K OHOMEPHOM 3Ur3aroobpasHol Ijell0YKe C BeT-
BIeHUSIMHU. OLHAaKO BePOSATHOCTD IIYyTH COeNUHS-
IOIero MPOTUBOIONOKHbBIE CTOPOHBI SiUeKHU B3
JNOCTATOYHO BBICOKA, YTO K 0OBSICHSIET CyIIeCTBEH-
Hoe pa3nuuue B 2D u 3D.
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microparameters changes in the
biologically relevant limit p~0.2
are presented. For comparison,
we give the classical BS results.
We denote X, as extracellular vol-
ume fraction, X, extracellular dif-
fusion, X; myelin sheath diffu-
sion, X, axon diffusion, X; mean
axon size, X, mean myelin sheath
size, X, extracellular proton den-
sity, Xgmyelin sheath proton den-
sity, Xyaxon proton density.

DISCUSSION AND CONCLUSIONS

Using RG method, we have cal-
culated the sensitivity of ADC
to the different microparame-
ters variations and packing den-
sities of axons. We found that
ADC,¢ exhibits it’s the stron-
gest sensitivity to the extra-cel-
lular volume fraction and dif-
fusivity for all types of axon

packing density. These findings
suggest a possible mechanism
to explain ADC,¢ changes dur-
ing neurodegenerative disease
progression. The ADC,¢ demon-
strates more nonlinear behav-
iour vs p changes due to blocking
effects which are absent in an
ordered model of the brain white
matter.

SUPPLEMENTARY

The method illustrated in the
article can be applied to other
tessellations in two (2D) and
three (3D) Eucleadean dimen-
sions. The results for the 2D
square and 3D cubic tessellations
are presented below (Fig.1Aa).
The development for both these
cases follows the procedure out-
lined in section "Methods".
Hence specificity of results is

HRAHO MHAVCTPUA Tom 13 Ne 3-4(97) 2020

mentioned along with points
of differences between lattices.
Because of additional dimen-
sion, 3D case is characterized
with a large number of configu-
rations and it is not possible to
illustrate all of them as in Fig.3.
Fig.1Ab is a plot of convergence
of diffusion coefficient for dif-
ferent spatial dimensions. We
observe significant difference
between 2D and 3D for p~0.35. It
can be explained different per-
colation thresholds of clusters
in 2D and 3D. Lower concentra-
tion of components generates
less cross-links and approaches
to 1D curled and branched chain.
However, the probability of path
of connecting opposite sides of
WS cell is high enough leading
to the obvious differences in dif-
fusivity in 2D and 3D. [ |
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