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BBEJIEHHE

AKTYaJIbHOCTH TeMbl HCCJICI0BAHUS

C BHeOpeHUEM B MPAKTUKY METOJOB HEMPOBHU3yalu3allud, B MEPBYID OYEPE.b,
MarHUTHO-pe3oHaHCHON Tomorpaduu (MPT), mnosBuiace BO3MOXXHOCTb JAETAIBHO
OLICHUTH CTPYKTYPY PA3JIUYHBIX OTJAEJIOB T'OJOBHOI'O MO3ra M BapUaHTBI UX CTPOCHMS
(AnanbeBa H. U., 2015; HesnanoB H. I'., AnannseBa H. U., 2018; Tpodumona T. H.,
XamukoB A. [1., 2017; Ebumuen A. 0., 2019; ITozausaxoB A. B., 2021; ®okun B. A.,
Tpydanos A. T'., 2021).

Ocoboe BHMMaHME CTaja MPUBJIEKATHh MIUIIKOBUIHAS Kejie3a Win 3Mudu3, Kak
oprat, NPUHUMAIOIINI HEMOCPEICTBEHHOE yYaCTUE B PETYJIALIMN OMOPUTMOB YEJIOBEKA,
YTO OMNpejeNsieTcss BbIpaOOTKOW TOpPMOHA MEJNAaTOHMHA, a TaKXe TECHBIM
HEUPOAHAOKPUHHBIM TOCPEIHUYECTBOM C TOPMOHAJIBHOM W HEMPOMEAUATOPHOU
akTuBHOCTHIO (Kennaway D. J., 2019).

C mmpokum npuMeneHueM MPT rosoBHOro mo3ra B pyTMHHOW IPAaKTHUKE BCE
yalie CTaJIM BbISBIATHCS KUCTHI dnnudu3a (KD), rene3 KoTophIX 10 CUX TOP OCTAETCS BO
MHOTOM HESICHBIM, KaK U MX KJIMHHUYECKOE 3HAUCHHUE, MOJIXO0JIbI K HAOIIOIEHUIO TaKUX
NAlMEHTOB, KPATHOCTH MPOBEACHUS TOBTOPHBIX 00CIE€IOBAaHUHN U MPOTHO3.

Onudu3 — 370 HEHPOIHJOKPUHHAS KEJIe3a, KOTopas SBJIAETCS OJHOM M3 CaMbIX
MaJIOM3y4EHHBIX Keye3 BHyTpeHHel cexperuu. OcHOBHOM PyHKIMel snudu3a siBiasieTcs
npeoOpa3zoBaHue MPUXOSALIET0 CUTHANIA OT CETYATKU B HEUPOIHJOKPUHHBIN OTBET B
BUJIC BBIPAOOTKM B OCHOBHOM MEJIATOHWHA, a Takxke ceporoHMHa W N, N-
numetunTpuntamuaa (Aulinas A., 2019; Gheban B. A., Rosca I. A., 2019).

MenaToHMH UMEeT NPSIMOE BIMSHUE HA TMNOTaIaMO-TUNO(U3aAPHYIO CUCTEMY U
CHIDKEHHE €Tr0 YPOBHS IPUBOJUT K CYIPECCHHM TOHAaLOTPOIHMHOB, KOPTUKOTPOIIMHA,
COMAaTOTPOIHHA, THPEOTPOIIMHA.

['unoranamo-runodu3apHO-HAATOYEYHUKOBAs OCh, HABEPXY KOTOPOW HAXOJUTCA
samuu3, UTPaeT KIOUYEBYIO POJIb B MOAJEPKAHUU TOMEOCTa3a U OBICTPOM afamnTaIiii K

OKPYKAIOIIEN CPEJIE, a TAKIKE UTPAET BAXKHYIO POJIb B UHIAUBULYATBHOW SMOLIMOHAIIBHON
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peryysfluy, KOHTPOJE MOBeAeHUs U KOrHUTUBHBIX ¢yHkiusx (Evans R.W., 2010;
Aulinas A., 2019; Long R., Zhu Y., 2019; Gheban B. A. et al., 2021).

Jlo cux mop ocTaeTcsi HeMOHATHOM posib KO 1 uX BiIMsSHUE HA CHHTE3 MEJaTOHUHA,
a TaKXe pa3BUTHE HAPYLIEHUI CHA U JIECHHXPOHO30B.

K3 mpu nposenenun MPT mnpucyrctByror B 25-40% ciiyyaeB, 1o JTaHHBIM
muteparypsl (CemuueBa T. B., 2000; El Damaty A. et al., 2019; Gheban B. A. et al.,
2021). Kucroznas tpanchopmarus snudusa cuuraercss MOpHOoIOTHIECKUM BapuaHTOM
CTpOEHHS, KOTOPBIM O HACTOSIIIETO BPEMEHU HE MOTYT YETKO OTHECTH K HOPME WJIU
MATOJIOTHH.

K3 yame Bu3yanu3upyercs y *KEHIIUH, YEM Yy MYXYHH, YTO HEKOTOPBIE aBTOPbI
CBSA3BIBAIOT C HAJIMYMEM MEHCTPYaJIbHOTO IIMKJIA U TOPMOHAJIBHBIX U3MEHEHUI BO BpPEMSI
OepeMEeHHOCTH, KOTopas yaiie nmpuxoaurcst Ha Bo3pacT okosio 30 net (Choy W., 2011;
Gokce E., 2018; Han Q., 2018; Storey M., 2020).

[Ipu uccnenoBanuu naereit ¢ KO, Obuio moarBepkaeHo, uTo y aeBouek KO
BBISIBIISIETCA Yalle, YEM Y MaJIb4YHKOB, @ TAKXKE YTO TUAMETP KUCThI UMEET TEHACHIUIO K
YBEJIIMYEHUIO y OoJiee B3pOCIBIX AE€BOuYeK, 4eM y miaamux. Ilpu stom renaepHoi
koppessiuuu ¢ poctom KO He naiigeno (Jussila M., 2017). Hekotopsle uccienoBarenu
TaK)X€ HE MCKII0UYarT poiib KO B MpexaeBpeMEHHOM II0JI0OBOM CO3PEBAHUU y JEBOYEK
(Filippo G. D., 2022).

N3 nydeBbIX METOAOB HCCIENOBaHUS MPHU OOCIEAOBAHMM TOJIOBHOIO MO3ra B
HACTOSIIIIee BpeMsI IPUMEHSIOT B MEHbIIIECH CTENeHN KoMIbioTepHyto Tomorpaduto (KT),
B OoJiblIeli — MarHUTHO-pe3oHaHCHyo Tomorpadputo (MPT), Tak kak oHa sIBIsETCS
«30JIOTBIM CTaHAAPTOM» BHU3yallM3allMM MHUHEATbHONM 00JIaCTU TOJOBHOIO MO3ra
(Berhouma M., 2015; Sirin S., 2016; A6pamoB M. T., 2017; Gheban B., 2021;
MayolDelValle M., 2022).

Kpome craHgapTHBIX UMITYJIBCHBIX IOCIIEAOBAaTENBHOCTEH Il  W3y4YEHUS
MOP(}OIOrHYecKUX U (PYHKIIMOHATbHBIX U3MEHEHUH BEIeCTBa FOJIOBHOTO MO3Ta MOTYT
ObITh HCIIOJB30BaHbl COBPEMEHHBIE METOJIbl HEHpOBH3yalld3aluu, Takue kKak MP-
BOKcelnb-0azupoBanHas Mmoppometpus (MP-BEM) (Maxkapos JI. M., Tlo3gasikoB A. B.,
2021; Ucxakosa 3. B., ®okun B. A., Tpydbanos A.T'., 2021) u dynkuronansuas MPT
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nokos (pMPTm) (bykkuesa T. A., Ueruna /I. C., Epumunes A. FO., 2019; HoBuxos B. A.,
ITo3gusaxoB A. B., 2017).
Crenenb pa3padOTAHHOCTH TeMbI

B Poccun odunmanbHON CTaTUCTUKY KUCTO3HBIX U3MEHEHHUN CTPYKTYpHhI dru(u3a
U UX TEHJEPHOTO U BO3PACTHOI'O pacHpeieieHHs, K COXKaJICHUI0, He Benercs. Mmeercs
JMILIb €AUHUYHBIA 0030p JIUTEpaTyphl Ha 3Ty TEMY, KOTOPbII onuckiBaeT Hanuuue KO
auiib y 5% B rpymme, cocrosmieit u3 6osxee uem 5000 obcnenyembix (bamssuna E.B.,
2022).

B nacrosiiee Bpemsi BcemupHoii opranuzanuei 3apaBooxpanenus (BO3) Obuia
nepecMoTpeHa Kiaccudukanus o0pa30BaHUII TOJOBHOTO MO3Ta, MO3BOJIAIONIAS
muddepeHnrpoBaTh 00bEMHBIE 00pa3oBaHus 3MUHU3a HA OCHOBE MOP(OJIIOTHUECKHX,
UMMYHO(EHOTHUIIMYECKUX, TEHETUYECKUX U KIIMHnYeckux npusHakos (Favero G., 2021).

KD npu 3TOM B HOBO# Kilaccu(UKalMK He 3Ha4aTcsl, OJJHAKO FeTeporeHHas rpymmna
OIyXO0JIEH, TAKUX KaK MUHEO0IaCTOMBI, ACTPOLIUTOMBI M TUHEOLUTOMBI IIUIIKOBUIHON
JKeJe3bl, MOTYT MMETh BHUJ TUIIMYHON KHCTO3HOM CTPYKTypbl Ipu npoBeneHun MPT
TOJOBHOTO MO3ra, 4YTO HMHOI/A MPEACTaBIseT COOOH TPYAHOCTH il INPOBEACHUS
nuddepeHIaTbHON TUArHOCTUKY M TaJbHEHIIeH TaKTUKW BEJCHHS TaKUX MalMEHTOB
(Fakhran S., 2008, Zaccagna F, 2022).

Cunraercs, 4to B OonbIIMHCTBE ciaydaeB KD HOCUT OecCMMITOMHBIN XapakTep,
OJTHAKO YacTO TaKHWe MAIMEeHThl CTPaJalOT OT TOJOBHBIX OO0JEH, TOJOBOKPYKEHHH,
HapyLIeHUH [UKJIa CHAa-00JIpCTBOBAHHUSA, NOTPAHUYHBIX IMCUXUYECKHUX PacCTPOUCTB
(DelRosso L. M., 2018; Tan D. X., 2018; El Damaty A., 2019).

Jlo cux 1mop He yCTaHOBJIEHA POJib KpyMHBIX K3, He BBI3BIBAIOIINX OKKITIO3UOHHYIO
ruporiedannio, B pa3BUTHHU FOJIOBHBIX 001eH 1 ahPeKTUBHBIX pacCTPOIMCTB, HO HaliIeHA
Koppesiust oobeMa nrdu3a 1 HaTUYHs KUCTHI ¢ pa3BUTHEM MHOTHUX HEBPOJIOTUYECKIX
1 Ticuxuyeckux 3adoneBanuii (Matsuoka T., 2018; Atmaca M., 2019; BastosJr M. A. V.,
2019; Maruani A., 2019; Takahashi T., 2019; 2020; 2021; Gorguli F. F., 2021).

B psane paGor ObuI0O OTMEYeHO, 4YTO mauuMeHTthl ¢ KD wuMmerT Takyio

HWHIUBUIYAJIbHYIO IICUXOJIOTHUYCCKYHO OCO6€HHOCTI>, KaK ITOBBIMICHHAA CHTYallMOHHAaA
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TPEBOXKHOCTH, KOTOPAsi MOKET OBITH 00YCIIOBJICHA CHIYKECHHEM BBIPAOOTKHA MEJIaTOHWHA
npu Mopdororuueckux u3MeHeHusx xenessl (Carpenter J. S., 2017; Huang F., 2017).

C nomoipto (azoBo-koHTpacTHO MPT Ob10 moka3zaHo, YTO y TMAIMEHTOB C
KPYIHBIMH HEOKKITIO3UPYIONTUMU KHCTAMH UMEETCSI TOCTOBEPHOE CHMYKCHHE CKOPOCTH
nynbcanuuinkBopa (Bezuidenhout A. F., 2018). Vapanenue KD y cumMnTomMHBIX
NAIMEHTOB MMOKA3aJ10 YIYUIIEHUE COCTOSTHUS UX Ka4eCTBa KU3HU B MOCICONEPAIIMOHHOM
MEepPUOJIe, YTO TOBOPUT B IOJB3Y BO3MOXKHOW TAaKTUKH BEACHUS JTaHHBIX MAIMEHTOB
(Pitskhelauri D. 1., 2019; El Damaty A., 2019).

JlanHbIe, TIPUBOAMMBIC B JUTEpAType, IOCBSIICHHOW OIICHKE W aJITOPUTMY
BeJleHUs marnueHToB ¢ KD HEeMHOTOYHCICHHBI M TPOTUBOPEUMBHL. B omgHMX paboTax
MOKa3aHo, 4TO KUCThl MeHee 10 MM, Kak y B3pOCIBIX, TaK U Yy JieTel, HE TpeOyroT
JTaTbHEHIIET0 KOHTPOJS TIPH OTCYTCTBHU HEOOBIYHBIX MP-XapakTepucTuk win
CBsI3aHHBIX KiIMHUYeckux cuMntomoB (Gokce E., 2018).

Jpyrue aBTophl yTBEPKIAIOT, 4YTO TP 00Hapy)eHuu KD HeoOXxoaruMo Ha3HAUNTD
MOBTOPHOE MCCIICIOBAaHNE Yepe3 12 MecsIieB s onpeeieHus] TMHAMHUKN TIpoliecca 1
muddepeHnnanbHON AUArHOCTUKU € JIpyruMu  oOpazoBaHusimu (Storey M., 2020).
Opnnako HeomyxoJieBble KO 1 THTMYHAS TUHEOIMTOMA PACTYT YPE3BBIYATHO MEIJICHHO,
u nocienyromas MPT o0biyHO He momoraer npu audQepeHImaIbHON TUarHOCTUKE
(Osborn A. G., Preece M. T., 2006).

OTCyTCTBHE YETKO OTOBOPCHHOW TAKTUKH BEICHUS W HAOMIOMCHUS TaKHX
MaIMEeHTOB 00YCIIOBIIMBAIOT HEOOXOIUMOCTh JajbHelIero ndydeHuss KO, BeIpabOTKH
QITOPUTMA BEICHUS TaKUX TMAIMEHTOB M MpoTokosia MP-ckanupoBanwus, MPU YCIOBUH,
YTO APYTHX MATOJOTUYECKUX M3MCHCHUU B CTPYKTYpPE BEIIECTBA TOJIOBHOTO MO3Ta MPHU
MIPOBEICHUH UCCIICIOBAaHUS HE BBISBIICHO.

easb ucciaenoBanus

N3yuenune CTpyKTYpHBIX U (DYHKIIMOHATBEHBIX OCOOCHHOCTEH TOJIOBHOTO MO3Ta 10
JTAHHBIM MAarHUTHO-PE30HAHCHOW TOMOTpaduu y MalMEeHTOB C KUCTOW smuduza ais
OMpeNeNeHNsT WX  KIMHAYECKOW  3HAYMMOCTH M TIOBBIIICHHUS  TOYHOCTH

HEUPOBU3YAIU3ALIAH.
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3agaum uccjie10BaHusA

1. Pazpaborate mpotokos MP-ckaHupoBaHHs T'OJOBHOTO MO3ra IpH HaJIWYdU
KHCTBI MU (u3a

2. Yrounuts MP-matTepHsl BapUaHTOB CTPOCHHUs JdnHdH3a y 3A0POBBIX
JI0OPOBOJIBIICB.

3. OueHuTh KOCBeHHbIE MP-TIipH3HaKyM LEHTPaIbHOM BEHO3HOW TUIIEPTEH3UU Y
MAIMEHTOB C Pa3IMYHBIMU BUAAMH KHCTO3HOM TpaHChopMaiuu snudusa.

4. CpaBHUTh U3MEHEHHUE CTPYKTYp TOJOBHOIO MO3ra y JuI[ Oe3 KHUCThl U C
HaJIM4YMEM KUCTO3HOM TpaHcpopManuu snuduza 1o JaHHeIM  MP-Bokcenb-
0a3upoBaHHOU MOPPOMETPUHU.

5. YTOuHUTh (YHKIIMOHAJIbHYIO KOHHEKTHMBHOCTH T'OJIOBHOTO MO3ra y JIIOJIEH C
pa3IMYHBIMU BapUaHTaMH CTPOEHHMS 3nHdpu3a 1o fanubiM GMPT.

HayuyHnasi HOBH3HA HCCJIeI0BAHUA

Brnepsbie B Poccnu npoBeieHO U3ydeHre BApUaHTOB CTPOCHUS AU(HU3a Y TPYIIIbI
YCJIIOBHO-3/IOPOBBIX JOOPOBOJIBIIEB, cocTosimeil u3 149 uyenoBek, MX TEHACPHOE U
BO3pacTHOE pacrpenaencHue. /anHas BbIOOpKa pasjenwiach MPUMEPHO HAa 2 paBHBIE
rpynnel: 70 4enoBek wumenu MP-mpu3HakKM HOPMAJIbHOTO CTPOEHUS Anudusa
(KOHTpOJIbHAS Tpynna), y 79 uenoBeK ONpeAesieHbl pa3ndyHble BHJbI KHUCTO3HOU
TpaHchopmaruu dnudusa (ocHOBHas rpynmna). beio nmokazano npeobdiiaganue KpymHbIX
KHUCT B TpyHIle, CPEAHUN BO3pAaCT KOTOPOU 35 JIET U MEHEE, YTO SIBISETCS OCHOBAHUEM
Ui GoJjiee MPUCTAIBHOTO MCCIEAOBAHUS MUHEANbHON 00JIacTH y A3TOH KaTeropuu
HacCeJIeHUs, 0COOEHHO MPH HAIMYMU KIMHUYECKUX MPOSBICHUN B BUE TOJOBHOM 00,
TOJIOBOKPYKEHUM, HApyLIEHUN CHa-00JpCTBOBAHUS U T.1I.

Taxke  ObUIO  MPOBENEHO  COMOCTABIEHHWE  HEWPOBU3YaTH3AI[MOHHBIX,
MICUXOJIOTUYECKHUX, HEHPOIICUXOJIOTHYECKUX U OMOXMMHUYECKUX NaHHbIX Yy Jull ¢ KO u
CPaBHEHUE MX C KOHTPOJBHON rpynnoid. C MoMOIb METOAWK HEHMpOBHU3YyaIU3ALNH,
takux kak MP-BBEM u ¢MPTm, Obutn mokazansl Mopdosornyeckue U PyHKITMOHAIBHBIE
0COOEHHOCTH I'OJIOBHOI'O Mo3ra Jiiil ¢ KD.

KomnexktuBom otnenenus (AnanseBa H. U., JIykuna JI. B., llunosa A. B., 2022,

[22]) Obu1 momydyeH mateHT N02022621663 ot 2022 r. Ha 0a3y JaHHBIX,
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npeaHa3HaYeHHBIX JJIs1 cOopa MOpPPOMETPHUUECKHX MoKa3zaTene 0ObEMOB CTPYKTYp
TOJIOBHOT'O MO3Ta, MOJyYEHHBIX ¢ MoMoIbi0 MP-Bokcenb-6a3upoBanHoil MophomeTpun,
y JIMI] C Pa3IMYHBIMUA BUJAMHU MOpQoorudueckoro crpoenus snudusa. [Ipu nposenenun
CpPaBHUTEJIBHOIO aHalM3a COOpaHHOM 0a3zbl MopdomMeTpuueckux JaHHBIX y juil ¢ KO
ObUIM BBISBJICHBl CTATUCTUYECKH 3HAUYMMBbIE YYAaCTKM YTOJILIEHUS KOPbl B 00EHX
TEMEHHBIX JI0JIIX B CPABHEHUU C TPYIIION HOPMAJILHOTO CTPOEHUS AU (H3a.

belna nmokazaHa HEOOXOAMMOCTb M MPEUMYIIECTBA MPUMEHEHHSI TOHKOCPE30BOM
UMITYJIbCHOM MOCJEI0BATENIbHOCTH BbICOKOTO pazpemienus (SSFP) y mui ¢ KO g 6onee
TOYHOM OLEHKH pa3smMepoB, MP-xapakTe€puCTUK M CTENEHU BO3JACHCTBUSA KUCTHI Ha
OKpPYXaIOILUEe CTPYKTYPBHI.

[Ipu oOpabotke nanubix GMPTn y mun ¢ KO Obulo mokazaHo Hajaudue
(YyHKIHMOHAJIBHOW KOHHEKTONATHUH B BUJE YBEIIMYEHUS OTPHUILIATENIbHBIX CBSI3EH MEXIY
JOOHBIMU U TEMEHHBIMH JIOJISIMA 000UX IMOJIyIIApHil.

JlaHHbBIE 3KCIIEPUMEHTAIIBHOTO TICUXOJIOTUYECKOTO 00CIIEJOBAHUS [T0KA3aJId, UYTO
muna ¢ KO 3HaunMo oTindaroTes no napamerpy «O3a004eHHOCThY MPU AaHAJIM3€E JAHHBIX
OINPOCHHUKA JIMYHOCTHU «bosbias nsrepka» (IMOLKU U 4yBCTBA), TO €CTh MOKHO CKa3aThb,
YTO OHU OTJIMYAKOTCS TOBBIIMIEHHOW CUTYallMOHHOM TPEBOKHOCTHIO, 3MOLIMOHAIBHOU
Ja0MILHOCTHIO. Y rpybl ¢ KO Takke ObUTO BBISABICHO OOJBIIIE JIUII ¢ CYOKITUHUYECKOM
TPEBOTOM U JICTIPECCUEN, a TAKXKE Yallle UCIIBITHIBAOIINX JIETKYHO JHEBHYIO COHJINBOCTb.
Jpyrux 3HaUMMBIX pa3IUUMid MEXAY TpylnaMu Mpu oueHke apdeKTUBHON cdepbl U
HYMOLIMOHAIBHOTO COCTOSIHUSI UCIIBITYEMBIX BBISIBIIEHO HE OBLIIO.

[Ipu olleHKE JaHHBIX HEWPONCUXOJOTMYECKOTO TecTupoBaHus, auma c¢ KO
CIPABWIIKCH OBICTpEE € 3aJaHUIMH METOIUKH «TecTa CTpymnay, 4To MOXKET ObITh CBSI3aHO
c OoJyiee MOJIOIBIM CpeHUM Bo3pacToM B manHou rpymnme (30,5 jet k 44 romam). Ilo
OCTaJIbHBIM METOJIMKaM 3HaYUMBIX Pa3Iu4Hil BBISIBJICHO HE OBLIO.

[Ipy OmMOXMMHYECKOM aHaIM3€ CIIOHBI B O0EUX TIpynmnax CpeaHUl YpPOBEHb
MeJIaTOHMHAa ObUT Ha HID)KHEW TpaHMIle HOPMBI, HO JOCTOBEPHO HE pPA3IUYalICs, YTO
TOBOPUT B MOJIb3y OTCYTCTBUS HEOOXOIMMOCTH 00CIenoBaTh Npoduiib MeJIaTOHWHA B

ciroHe y iy ¢ KO.
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Teopernyeckasi 1 NPaKTH4YECKasA 3HAYMMOCTb padoThI

Pa3paboTaHHbple TEOPETUYECKUE IOJOKEHUS M NPAKTUYECKHE PEKOMEHJAlnn
MO3BOJIMJIA BHEIPUTh B KIMHUYECKYIO IPAKTUKY METOAUKY KoMIuiekcHou MPT
TOJIOBHOTO Mo3ra y marueHToB ¢ KO, ocoOeHHO npu ee KpymnHbIx pazMepax (6omee 10
MM).

Paccmotpena u crpykrypupoBaHa MP-cemMuoTrka pasinuuHbIXx BapuaHToB KO,
KOTOpasi MO3BOJUT BpPayy-pEHTICHOJIOrY MPAaBUJIBHO WHTEPIPETHUPOBATH MOJYyYEHHBIE
n3o0paxkenus. Hampumep, MHOXKECTBEHHBIE MEJIKHUE MPOCThIE KUCTHI B CTPYKTYype
eJe3bl MOT'yT OBbITh PACIIMPEHHBIMU IEPUBACKYIISIPHBIMU TPOCTPAHCTBAMU, a OOJIBILION
JUAaMETp KHUCThl B COYETAHUU C YBEIMYEHHEM pPACCTOSIHUS MEXIY IUJIACTUHKOU
YETBEPOXOJIMUSL U BAINKOM MO30JIMCTOrO TEJIa MOXKET TOBOPUTH B I10JIb3Y BPOKIECHHOTO
XapaKTepa KUCTHI.

JlokazaHa  3HAYMMOCTb  HCIIOJB30BAaHHUS  TOHKOCPE30BOM  MMITYJIbCHOM
nocyeoBaTeabHOCTH SSFP, BBICTaBIEHHON B CarMTTAIIBHOM IUIOCKOCTH MPULEIBHO Ha
NUHEAJIbHYI0 00J1aCTh. JTa MOCIEA0BATENIBHOCTD O3BOJISIET OLIEHUTh KOHTYPBI, HAIUYUE
IPUCTEHOYHBIX YTOJIIECHWUM, IEPErOpPOJIOK, MAOIOJHHUTEIBHBIX KaMep, aTUIIMYHOIO
COJIep>KaHMUsl KUCT, BBISIBUTH MOKAa3aHWs JJis BBEICHMSI KOHTPACTHOTO BewiecTBa. llpu
OTCYTCTBUHU OKKJIIO3MOHHOM ruaporedanuu noMmumMo MP-xapakTepucThK caMOi KHUCTHI,
3Ta WMMITYJIbCHAsI MOCIEAOBATEIBHOCTD MO3BOJISIET OLIEHUMBATh MPU3HAKH KOMIIPECCUU
IJIACTUHKM YE€TBEPOXOJMHUS, CTEHO3a BOJONPOBOAA, BEIMYMHY PACCTOSIHHS OT BaJlMKa
MO30JIMCTOIO T€JA 10 TUIACTUHKY YETBEPOXOJIMUS U T.J.

BricTaBnenue  kareropuM IO CTENEHM  BbIpaXEHHOCTH  MP-npusHakoB
LHEHTPAJIbHON BEHO3HOM TMIIEPTEH3UU JA€T BO3MOXKHOCTh BPauyy-HEBPOJIOTY MPOBECTU
NPULETbHBIA  JTUarHOCTUYECKUII TIOMCK [JI1 BBISIBJICHUS MPU3HAKOB HApYyIICHUS
BEHO3HOI'O OTTOKA Y JJAHHOM KaTEropuu MaeHToB.

Pe3ynpraThl NpPOBEAECHHOIO HWCCAEAOBAHUS IO3BOJIMIM YTOYHHTH XapakKTep
JUYHOCTHBIX 0COOEHHOCTEH, MOP(HOPYHKIIMOHATBHBIE U3MEHEHUS BEIIECTBA T'OJIOBHOTO
MO3ra, M3MEHEHHSI (PYHKIMOHAIbHOW KOHHEKTUBHOCTH TOJOBHOTO MO3ra y JHI[ C
KHCTO3HOU TpaHchopmarueit snudusa, T0OmoJTHUTh MOHUMaHue BIusHuS Hammuns KD Ha

YpOBEHb MEJIATOHUHA.
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MeToa0/10TMsl 1 METObI UCCJIEIOBAHNUS

Metono0s0rusi uCCaeAOBaHUS OCHOBBIBAETCS HA PE3yJIbTaTax MCUXOJOTMYECKOrO,
HEUPOIICUXOJIOTUYECKOTO, OMOXMMUYECKOTO, HEHPOBU3YAIN3aLIHOHHOTO U
MOP(POPYHKITMOHATBHOTO HWCCIACAOBAHMS JIMI[ C Pa3IMYHBIMA BapHAHTAMH CTPOCHUS
samudusa.

OOBEKTOM HCCIEOBaHUSl SIBISUTUCH JTOOPOBOJIBIIBI C PAa3IUYHBIMU BUJAMU
KUCTO3HOW TpaHchopMaiuu snudusa, coOpaHHeIX B 0a3y HOpMbl (maTeHT No
2021621983) pentrenosckoro otaenenus ®I'bY HMMUIL TTH um. B. M. bexrtepesa.
[IpeameT uccneaoBaHUs — NOCTIPOLECCUHTOBas 00paboTka MP-JaHHBIX C MOMOIIBIO
CIEUAIM3UPOBAHHOIO MporpamMmmHoro ooecneuenus FreeSurfer ¢ mocieayrommm
aHAJIM30M TOJIIIUHBI PA3JIUYHBIX PETHUOHOB KOPHI M1 00BEMOB MOJKOPKOBBIX CTPYKTYD,
CONN-TOOLBOX c nocnenyromum aHanu3oM padbouux 11 cereil mokosi TOJOBHOIO
MO3ra.

HuccepranonHas paboTa BBINOJHEHA B Ju3ailHE — momepeyHoe (Kpocc-
CEKIITMOHHOE) MCCJICIOBAaHUE COTJIACHO MPUHIIUIAM JTOKa3aTEeIbHON MEIUIIMHBI, KOTOPOE
MPOBOAMIIOCH 110 CIEAYIOUIEN CXEME:

1 »Tam: wu3y4yeHUEe COCTOSHUS MpPOOJIEMbl IO JIaHHBIM OTEYECTBEHHOW U
3apyOeKHOM JTUTEpaATyPHI.

2 sTam:

— MoJANMcaHue UHPOPMHUPOBAHHOTO COTJIACHS;

— IPOBEAECHUE aHKETUPOBAHUS M HEMPOIICUXOJIOTUUECKOTO TECTUPOBAHHS;

— cOOp CITIOHBI HA MEJIATOHUH,;

— BbINoJiIHeHUE MPT roioBHOro Mo3ra ¢ UCHO0JIb30BAHUEM CTaHIAPTHBIX

— nocnenoBatenbHocTed (T1-, T2-B3Bemennsix wuzobOpaxkenuit (BU), FLAIR,
DWI, GRE), nonomnennoe SSFP-umiynbCHON MOCIEA0BATEILHOCTHIO, C MOMOIIBIO
KOTOPBIX MPOBOJIMJIACH OIEHKA COCTOSIHMSI CTPYKTYP TOJIOBHOTO MO3ra M IMPHUIEIbHOE
uccienoBanue snudusa);

— npoegenue  MPT ronoBHOro mo3ra ¢ HCHOJIB30BAHUEM  CIIEIUAAIBHBIX
UMITYJbCHBIX moclienoBarenbHocTeil T1 rpanuentHoro 3x0 MPRAGE ¢ u3zotpornHbiM

BokceneM toiuuaon 1 mm u BOLD.
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3 STam: BBINOJHEHUE MOCTIPOLECCHHTOBOM 00paOOTKM MOSYyYEHHBIX JAHHBIX C
MCIIOJIb30BaHUEM CIIEIUATTU3UPOBAHHOTO CTATUCTUYECKOTO MPOTPaMMHOT0 00eCTIeUeHU s
FreeSurfer u CONN-TOOLBOX.

4 7TaIr: MpoBeJACHUE CTATHCTHYECKOW 00pa0OTKH MOJIYICHHBIX PE3yIbTaTOB.

IHonoxkeHus1, BLIHOCHUMbIE HA 3ALIUTY

1. Beimonnenune komiiekcHoi MPT ¢ npumenenuem  SSFP-umnynbcHOM
MOCJICIOBATEIFHOCTH TTO3BOJISET MPHUIIETHLHO OIEHUTH THI CTPOCHHS KUCTHI AMu(uU3a,
OCOOEHHO TPH €€ KPYIHBIX pa3Mepax, U YTOUHHUTh CTENEHb BO3JCUCTBUS KUCTHI Ha
OKPY’KaIOIIUE CTPYKTYPHI.

2. Ilpy HamuuuuM KIMHUYECKUX TMPOSBJICHUNA B BHUJE TOJIOBHBIX OoJieH,
TOJIOBOKPYKEHUM, HApYIICHU CHa-00apcTBOBaHUs y mamueHToB ¢ KO HeoOxommmo
BBICTABJICHUE KATETOPUM PHUCKA Pa3BUTHUS IEHTPAIbHOW BEHO3HOM THUNEPTEH3UM Ha
ocHOBaHMM MP-nmaTTepHOB, NOIYYEHHBIX ¢ MOMOLIBIO TocienoBarenbHocten DWI u
SSFP.

3.V nur ¢ kuctoi anuduza Ha ocHoBaHnuu (MPTn BeisiBiIsieTca (QyHKIMOHATbHAS
KOHHEKTOIATHs, a TakXe HEKOTOpble JIMYHOCTHBIE OCOOCHHOCTH. OTH JIaHHBIE
paclIupsilOT HalllM 3HAaHUS O BapuaOEIbHOCTM HOPMBI, O poyik dnuduza U
BbIPa0aTHIBAEMOT0 UM TOpMOHA MeJIaTOHWHA B (DOPMUPOBAHMH U (HYHKIIMOHUPOBAHHUH
rOJIOBHOT'O MO3ra.

CooTBeTcTBHE IMCCEPTANUM MACTOPTY HAYYHOM CNENHATbHOCTH

Lenb, 3amaun W COAEp)KAHHME JUCCEPTALMH COOTBETCTBYIOT MACIOPTY
crienmanbHOCTH 3.1.25. — «JlyueBasi IMarHoCTUKay.

CreneHb 10CTOBEPHOCTH M 000CHOBAHHOCTD Pe3yJibTAaTOB

HayuHnble 1OJ0KEHHS U pe3yJIbTaThl JUCCEPTAIMU HUMEIOT BBICOKYIO CTEIEHb
JIOCTOBEPHOCTH W apryMeHTanuu. JIOCTOBEpPHOCTh TOJYYEHHBIX PE3YyJIbTaTOB
MOATBEPKIACTCS JOCTATOYHBIM O0BEMOM KIMHUYECKOTO Matepuana (149 mamnueHTos),
MPUMEHEHUEM COBPEMEHHBIX METOJOB HEHPONCUXOJOTMYECKOr0 TECTUPOBAHUA,
OMOXUMHYECKOTO HCCEOBaHUs (aHATU3 CIIOHBI Ha MEJIATOHUH), JIYYEBBIX METOJIOB

muarHoctuku (MP-BBM, ¢MPTm), orienkoii pe3yabTaTOB ¢ MOMOIIBIO COBPEMEHHOTO
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nporpammuoro o6ecrneuenust (FreeSurfer 6.0, CONN-TOOLBOX) u o0paboTkoii
MOJTYYEHHBIX JaHHBIX COBPEMEHHBIMU METOJaMU MATEMAaTUYECKOU CTATUCTUKH.

BBIBO/IBI TOTUYHO BBITEKAIOT U3 MATEPUATIOB UCCIEIOBAHUS U B MTOJHOM 00beMe
OTPaXarOT MOCTABJICHHBIC 3aaUH.

[IpakTuueckue pekoMeHAau, ChOPMYITUPOBAHHBIE B JUCCEPTALIMHU, 0OOCHOBAHBI
MIPOBEJCHHBIM HCCIIEIOBAHUEM M MOTYT CIYKUThb PYKOBOACTBOM K MPAKTUYECKOU
pabote. JlaHHbIE, TpPEJCTABICHHBIE B JUCCEPTALMHU, MOJTHOCTHIO COOTBETCTBYIOT
MIEPBUYHBIM MaTEPHUAIIAM.

I[My0imkanum mo TremMe JUCCePTalvu

[lo Teme nuccepranuu omyOiaMKOBaHO 7 paloT, 4 mMyOnIMKalUM U3 KOTOPBIX B
V3JAHUSIX, PEKOMEHIOBAaHHBIX BhICIIEW aTTecTalMOHHOW KoMHccuen MuHucrepcTBa
HayKl U BbICIIero oOpaszoBaHus Poccuiickoit denepanuu, moiydyeH MaTeHT Ha 0azy
naHHeix 11 OBM  «Ounenka MP-Bokcenb-0a3upoBaHHON MOphOOMETpUH y JIUIL C
BapuaHTaMU CTpoeHus 3nudu3a» (CBUAECTEIBCTBO O TOCYIAPCTBEHHON pPETHUCTpaIluu
0a3pl maHHbBIX Ne2022621663 ot 07.07.2022 r.). OnyOJuKOBaHbI METOJMYECKHUE
pekoMeHnanmu «JlydeBass aHatomusi snuduza B HOpME U MPU €ro KHUCTO3HOU
TpaHcopmaru». Pe3ynbTaThl  HCCIIENOBaHUS  JIOJIOKEHBl HAa  BCEPOCCUUCKHUX
koHrpeccax «HeBckuit pagumonornueckuit hpopym — 2021,2022, 2023», «Heliponayku:
UHTErpauus Teopuu u npaktuku — 2022», «[lonenoBckue urenus — 2022.

BHenpenue pe3yabTaToB padoThl B IPAKTUKY

PesynbraTtel paboThl BHEIPEHBI B TNPAKTUKY pabOThl KaOWHETA MAarHUTHO-
PE30HAHCHOW TOMOTrpauu PEHTIEHOBCKOTO OTJACJICHUS, a TaKkXKe OTIeJCHUS
HelpoBu3yan3annoHHbIX uccienopanni ®I'bY HMMUILL [IH mm. B.M. bextepesa.
Kpome toro, mannas Tema ObUla BHEApEHA B PaOOTy WHCTUTYTA IMOCIIECAUILIOMHOTO
oOpazoBanuss ®I'bBY HMMUI] I1H um. B.M. bexTtepeBa B JIeKIIMOHHBIN Kypc «JIyueBas
JIMarHOCTUKA B HEBPOJIOTUU U MICUXUATPUM.

JIMYHBIN BKJIAJ aBTOPA
ABTOpY NPUHAJICKUT OMPEACIISIIONIasi poJjib B KIMHUYECKOM OTOOpE MaIlMeHTOB,

Y4aCTUH Ha BCEX ATANax KIMHUYECKOTO 00CIe0BaHus, cOOpa JaHHBIX U OMoMaTepuaia,
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pa3paboTKe NPOTOKOJA HCCIENOBAaHUS, MOCTAHOBKE IENU M 3a4ady, OOOCHOBaHHUH
BBIBOJIOB U MPAKTUYECKUX PEKOMEHIAIUH.

KiMHMKO-HEWpOBU3yAIM3allMIOHHOE HUCCIENOBAHUE C TNPUMEHEHHEM METOJIOB
bMPTn, MP-BEM, mnocnenyromass o0pab0OTKa W CTaTUCTUYECKUA aHAIN3 JTaHHBIX
BBITIOJTHEHBI JINYHO aBTOPOM.

O0beM U CTPYKTYpa AUCCEPTALMHA

Hucceprauus uznoxkena Ha 140 cTpaHule MAIIMHONMCHOTO TEKCTA, COCTOUT U3
BBEJICHMs, 0030pa JHUTEpaTypbl, IJIaBbl C ONHCAHMEM TMAIMEHTOB W METOJOB
UCCJIEIOBAHMSI, TJIaBbl C pE3yJIbTaTaMH HCCIENIOBAHMS, OOCYXKICHUS, 3aKIIOUYEHUS,
BBIBO/IOB, IPAKTUUECKUX PEKOMEHAAIMN U ciUcKa TuTepaTypsl (166), Bkiatouaromniero 35
oteuecTBeHHBIN U 131 3apy0OekHbIX ncTOuHUKA. PaboTa nimroctpupoBana 23 TabiuiiamMmu

1 39 pucyHkamu.
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IJIABA 1. COBPEMEHHBIE IPEJICTABJIEHVA Ob AHATOMUU, .
OU3NOJIOI'NN, ITATOJIOT' MU U JIYVUEBOU JUATHOCTUKE USMEHEHNN
SINOU3A (OB30P JIMTEPATYPEI)

1.1 UcTropusi u3ydeHus 3nudusa

Nnentuduxamus snuduza kak 0coO0ro opraHa mpunuckiBaeTcs emie ['aneny u3
[leprama (130-200 rr. g0 H. 3.). OH BIEpBbIE ONMUCal ATOT OPraH Kak 4YacTh MO3ra,
XapakTepu3ys €ro Kak jkKelie3y M HasbIBas ero konareion, Wiu conarium MO-JaTbIHU
(«muikay), uz-3a ero gpopmsl (3Bepena E. E., beccanosa E. 10., 2016).

Anaromuueckue onucanus A. Bezamusa (1515-1564) nociayxuim OCHOBOM 1Jis
KOHIIENTyaJIU3alluy TUITKOBUIHON Kee3bl KaK «BMEeCTHIMIIA aymm» ¢uiocoda Pene
Jekaprta, a TakKe MeCTa COCAMHEHUS BOCIPUSTHS OPraHOB YYBCTB B TOJIOBHOM MO3T€
WM KaK OpraHa Mncuxo(pu3noaoru4eckoro KouTpos yenoseka (Mottolese C., 2015).

B 17-18 Bekax ObUIO BBINOJIHEHO MOAPOOHOE MATOJIOrOAHATOMUYECKOE U
TUCTOJIOTUYECKOE OINHCAHUE JKENIE3bl, a CPABHUTEIBHOE WCCIENOBAHUE JKEIIE3bI
nposeneno Jleiiaurom B 1872 r. IlepBrie Qusnonorudyeckue uccieaoBaHus >mudu3a
npuHamexat [Iuony (1900 r.), ycTaHOBHUBIIEMY, YTO 3KCTPAKT U3 AMU(HU3a B MaJbIX
7103aX YCKOPSIET, a B OOJBIINX — YCUITUBAET U 3aMEJISIET ACSATEIBHOCTD Ceplia.

Hayano wuccrnenoBaHuil BbIAENSAEMOro 3MNU(PU30M TOPMOHA MENATOHHHA OBLIO
nonoxeHo B 1958 roxy, xoraa Aaposn b. Jleprep (1920-2007 rr.) Beiaenun B Mensckom
yHuBepcutete 100 Mkr N-aneTun-5-MeToKCUTpUNTaMuHa, BblaeraeHHoro u3 250 000
00pabOTaHHBIX MIMIIKOBUIHBIX KEJI€3 KPYIHOrO pOraToro CkoTa, MpU4YeM TOrjaa 3TO
BEII[ECTBO U MOJYYUIIO CBOe Ha3BaHue — menatonuH (Lerner A. B., 1958; Mottolese C.,
2015). OTKpeITHS, TIOTYYEHHBIE B pE3YyJIbTaTe UCCIICIOBAHUS MEIaTOHUHA, TOITBEPIUIIN
OOJIBIIYIO YAaCTh TUNIOTE3BI, MOCTYIUPOBaHHOM [[ekapTom.

K3 nepBbiM B uctopun meauiuast onucan Pynonsd Bupxos kak hydrops cysticus
glandulae pinealis B 1865 r., a Komnbemnn gan mepBoe MOAPOOHOE OMHUCAaHUE €€

TUCTOJIOTUYECKOU CTPYKTYpHI B 1899 r. nepBas xupypruueckas npoueaypa ynaneaus KO
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Obuta omybOnukoBaHa Pussep et al. B 1914 r. y mampumka Cc reMopparuyeckoit
anoruiekcuei xkenessl (Majovsky M., 2018).
1.2 Anatomus u ¢pusunoJiorus nudpusa

Onudu3 HaYMHAET Pa3BUBATHCS B TEUCHHE YETBEPTOU HENETH BHYTPUYTPOOHOTO
Pa3BUTHS KaK CPEIMHHOE BBIMSYMBAHUE dMU(PU3APHOTO KOHIIA KPBIIIH TUIHIEDATEHOTO
Mo3ra. B nmocnenyromue Heieau CTEHKH 3TOTO OTPOCTKA YTOJIIAKOTCS U MPEBPAILIAOTCS
B KOMITaKTHYIO MacCy, BKIIIOYAIOIIYIO B CE0sI COCYIUCTYIO ME30AepMY, POPMUPYIOIIYIO
OKOHYATEIbHYIO IIMIIKOBUJIHYIO XKejne3y. B mepenHem oTaene coxpaHsieTcs OCTaTOK
MOJIOTO JMBEPTUKYJIA TOJIOCTH JKEIYJ04YKa, Ha3bIBAEMbIM MUHEAIBHOM BIAJWHOU
(Simon E. et al., 2015; Sindou M., 2015). Bo Bpems ero pa3BuTHs MOKHO HAOII01aTh ABA
THUIIA KJIETOK: KJIETKHU C TJIOTHBIMU U METTKUMH SIIPAMU [IUTOIIa3MbI U MEJIKUE OJieTHbIe
KJIeTkH. [lepBbie pa3oBbIOTCSA B MTUHEAT001ACThI, KOTOPHIE MPEACTABISIOT XapaKTEPHYIO
HOIYJISLMIO 1715 skene3bl. Ha BocbMOM Mecslie BHYyTpUYTPOOHOTO pa3BUTHS HAUMHAETCS
mupdepeHIMpOBKa MHUHEAJIOLUUTOB, KOTOPbIE CEKPETUPYIOT MeJIaTOHUH. Brtopas
NOMYJSAUUA — 3TO CIHOHTHOONACTBI, KOTOPbIE BIOCIEICTBUHM AUPDHEpEHIUPYIOTCS B
acTpOLIMTapHbIE TIJIMAIbHBIE KIETKA. B TO XK€ BpeMs MPOUCXOJIUT Pa3BUTHE
COCIMHUTEILHOTKAHHBIX TEPETOPOIOK KeJe3bl U KpoBeHOCHBIX cocynoB (Relkin R.,
1976; Simon E., 2015).

[TuneanbHOE TENO (PUIOTEHETUYECKH MPUHAJICKUT MPOMEKYTOUHOMY MO3TY.
[IpoMekyTOUHBI MO3I PACMONOXKEH HaJ CPEIHUM MO3IOM U MEXIy MOJyLIapHsIMU
rOJOBHOIO MO3ra, TECHO CBf3aH C OOKOBBIMM U TpPETbUMHU KelyAdoukamu. B
MPAKTUYECKUX LENSIX MPOMEKYTOUHBIA MO3T JIETUTCS Ha CIEAYIOLME YacTH: TaJlaMyc,
KOTOPBIN SIBJIAETCS CaMblM OOJBIIMM; CyOTamaMyc, JIeKalluid HaJ CPEAHUM MO3IOM;
TUIOTAIaMyC — NEPEIHEHWKHANA MO OTHOLICHUIO K TajgaMycCy, KOTOPBI JIEKUT Mepes
cyOTanamycoM, OJSOUTAIaMyC M MeTaTajJlaMyC, COCTOSIIMM W3 MEIUabHOTO H
natepanbHoro kojeHuaroro tena (Florian I. S, 2020).

B HOopMme snudu3 i snuTanaMmyc 3aHUMaeT XBOCTOBYIO YacTh MPOMEKYTOYHOTO
MO3ra MO CaruTTAIbHON JIMHHUH, MPUKPEIUISETCS K 3aHEN 4acTh TPEThEro >Kemynaouka.
OH pacnonoXeH HaJl TEKTaJbHOM IUIACTUHOW B TECHOM CBSI3U C 33JIHMM MPOCTPAHCTBOM

BBIPE3KH, OOKOBBIMH JKENyJI0YKaMH, 0a3albHbIMU IUCTEPHAMH, TTyOOKON BEHO3HOM
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CHUCTEMOH M MCTAJbHBIMHU BETBSIMHU 3aJHMX MO3TOBbIX aptepuil. [luneanpHast o6nacTh
COCTOUT M3 JABYX XaOCHYISPHBIX TPEYrOJbHUKOB, XaOCHYJISAPHOM KOMHCCYpHI, Tela
IIUIIKOBUIHOW JKeJe3bl, 3aJHEH KOMUCCYpPBI, & TAK)KE BEPXHEH U HWKHEU IUIACTUHOK

smu¢pmzaproro  crebnst  (Al-Holou W. N., 2009) (Pucymox 1, 2).

XabenynapHan
KOMMCCypa
Bepxywka tqn0 anumsa Crebenb BepxHana
anudunsa NNacTUHKa
[luHeanbHan
«——— Bnaguxa lll
Xenynodka
- T— HwxHaa
NNacTUHKa

KOMMCCYpa

Pucynok 1 — CxemaTn4yeckass aHaTOMUs NMHeaJIbHOH 001acTu. (Llut. mo
Florian I. S. (eds.). Pineal Region Lesions: Management Strategies and
Controversial Issues. Springer International Publishing, 2020, c. 10)

Onudu3 uMeerT 0coOyI THUCTOJOTMUYECKYIO LHUTOAPXUTEKTYPY C Pa3IHMUYHBIMU
MUKPOCKOIIUYECKUMHU Ty4YKaMH BOJOKOH, OTBEYAIOIIMMHU 3a €ro CrHenu@uueckue
HUpKagHble (QYHKUMU. XaOEHYJIApPHBIA TPEYyroJbHUK — 3TO NapHOE HEOONbIIOE
TpeyrojbHoe yriyOjeHue (M0 OJHOMY C KaXJOH CTOpPOHBI), PacHoOJIOKEHHOE
MeauanbHee MOAYIIKA TajlaMyca M BEpXHEMEIUaJbHO OT 3aJHEHd KOMHCCYphL. OTHU
JIBYCTOPOHHUE BJABJICHUS OTPAHMUYMBAIOT [0 JaTepajbHBIM TMOBEPXHOCTIM Y3KO€
COOOIICHHE MEXIy IMCTCPHON UETBEPOXOJIMHUS W 3aJHEH CTOPOHON TPEThEro
xenyaouka. OHU SBISIOTCS HEOOJIBIIMMU CKOIUICHUSIMU CEPOTO BEIIECTBA MEIMAIbHEE

MOAYIIKH TajaMyCa HWXKE >KEIYJIOYKOBOM IMOBEPXHOCTH NPOMEKYTOYHOIO MO3ra,
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KaXXJ0€ M3 KOTOPBIX COCTOUT M3 MEAHAILHOTO U JIATEPAIbHOTO snep. XaOeHymspHas
KOMHCCypa MPEACTABICHA MONEPEYHOM IMOJIOCOM AKCOHOB MEXIY ABYMS CTOPOHAMH

snuTa’gamMyca, COEIMHSIONEH o00a XaOeHYNSpHBIX KOMIUIEKCa U TMepeceKaroei

CPEIMHHYIO TMHUIO B BEpXHEH IUTacTUHKE HOXKKH anudu3a (Nieuwenhuys R., 2007).

Pucynok 2 — MP - uzoopaxenue nuHeaJbHoi od0jactu naunenTku /. (AK
Ne35489, 2021), SSFP-UIL, a — akcuajbHas, 0 — caruTTaJIbHasA, B — KOPOHAJIbHAS
NpoeKuMsi. AHATOMUS MMHEAJIbHOM 00s1acTH: 1 — Xa0eHyJIPHbIE TPEYTOJIbHUKH, 2
— xa0eHyJasipHAasi KOMHCCYPa, 3 — TeJI0 IIMIIKOBHU/IHOM KeJie3bl, 4 —3aIHsAs
KOMHCCYPA, 5 — 3nudu3apHsblii credes b

CaMm mo cebe >mudu3 UMeeT ABOWHYIO (PYHKIIMIO C TOYKH 3peHus aHatomuu. C
OJIHOM CTOPOHBI, 3TO YacTh TOJOBHOTO MO3Ta, YMOPHOHAIBHBIM 3a4aTKOM KOTOPOTO
SIBJISIETCS] OJTHO U3 HENAPHBIX BBIISTYMBAHUN KPBIIIU TPOMEXKYTOUYHOT0 Mo3ra. C apyrou
CTOPOHBI, HEUPOIHAOKPUHHOM >KEJE301 TOJIOBHOT'O MO3ra, HA YTO YKA3bIBAET CTPYKTYpa,
PAcCIIONOKEHUE U KIIETOYHBIN COCTaB YJIEMEHTOB.

[{uToapxuTEeKTOHUKA JKeJIe3bl Ype3BbIYaiiHO pasHooOpa3Ha. Hora xene3a umeet
UJCaNbHO JOJbYAThIM BHJ, PA3JCICHHbIE COCIUHUTEIBLHON TKAaHbIO (OJUIMKYJbI, B
JIpYTUX COENMHUTENbHAas TKaHb Tropa3fgo Oojiee MHOTOYHCIEHHA, M NapeHXxuma
pacnonoxkena octpoBkamu (Tapp E., 1979). Kancyna mmuimkoBuiHON Keae3bl COCTOUT
U3 MSTKOM MO3roBoil 000yi0ukH. HekoTopble Meperopogku COeAMHUTEIbHONW TKaHU

NEPEXOJAT B KCJIC3Y OT KalICYJIbl, pa3aciisiss €€ Ha HeOOJIbIIINE YYaCTKH, 94CPEC3 KOTOPLIC
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B JKelle3y BXOJAT KPOBEHOCHbIE cocynbl u HepBHbIe BojokHa (Waldhauser F., 1984;
Nieuwenhuys R, 2007).

OcCTpoBKM  MapeHXMMbl dnudu3a CcOCTOAT U3 JABYX THUIIOB  KIJIETOK-
CEKpETO00pa3yonMX MHHEATONUTOB, cBeTibIX M TeMHbIX (CemmueBa T. B., 2000;
Gheban B. A., Roscal. A., 2019; Gheban B. A, 2021). [Ipuyem 10 cux 1op HE BBISICHEHO,
SIBJISSFOTCSL JTU PA3HOBUTHOCTH MTUHEATOLUUTOB CAMOCTOSTEIbHBIMY KJIETOUHBIMU TUTIAMU
WIM K€ JUIlb (DYHKIIMOHAIBHBIMA BO3PACTHBIMH Pa3HOBUAHOCTAMH. (CBETIIbIE
MUHEaJbHbIE KJIETKHU, 3aHUMAIOIIME MPEUMYIIECTBEHHO ILIEHTPAIbHYIO YacTh JOJIbKH,
CPaBHUTEIBHO KPYITHBIX pa3MEPOB, C TOMOTCHHOM CBETIOOKPAIICHHON ITUTOILIA3MOM, C
HEOOJBIITUMHU OTPOCTKAMH U ITy3bIPEBUIHBIMHA KPYITHBIMH SAPAMH.

«TemHbIe» KIETKH 00J1a/Ial0T MEHBIIINM Pa3MEpPoOM, COAEpKaT aluaoPpuiIbHbIC U
0azoduiapHBIE TpaHydbl B IuTomazMe. OT Tel NMHUHEATOIUTOB OTXOIAT JIJTUHHBIC
OTPOCTKH, KOTOPBIE MOAXOIAT K KalWJUIsIpaM U KOHTAaKTUpPyeT ¢ HuMu. Ha nepudepun
JIOJIbKM TPeoOIajaloT KJIETKU MEHBIIEro pasMepa ¢ YIUIOTHEHHBIMU SIAPaMH U
MHOTOYMCJICHHBIMA ~ OTPOCTKAMHU  PAa3IUYHOW  JUIMHBI,  3aKaHUYMBAIOIIMUCS
OyJaBOBUIHBIMH YTOJIIEHUSIMHU. JTH KIIETKH, CKOPEE BCETr0, UMEIOT HEUPOTIINATbHBIH
xapaktep (I[Tonosa A. A., 2019).

[TureanouuTsl dmudu3a cocTaBisaoT 6onee 90% kietok. bojee Toro, 3TH KIETKH
OTBETCTBEHHBI 3a OOJBIIMHCTBO TEPBUYHBIX MAPEHXMMATO3HBIX oOmyxoisieh. OmgHako
HaJIMYHUE JPYTUX THIOB KJIETOK OOBSICHICT BO3HUKHOBEHHE OITYXOJIEH Pa3IUIHBIX
THUCTOJIOTUYECKUX THUIIOB B STOM HEOOJBIIIOM OpraHe, TaKMX KaK TepPMHUHOTCHHBIE
OITYXOJIH, TJIMOMBI M T.1. BHYTpEHHSS apXUTEKTOHUKA KeJe3bl MPEACTABICHA CI0KHOMN
CEThI0 KJIETOK M aKCOHOB, KOTOpas /10 KOHIIAa HE H3y4YeHa, OJHAKO IO OO0IIeMy
MPEACTABIICHUIO UX MOXKHO DAa3[eUTh Ha TPU CHUCTEMHBIC Tpymibl: addepeHTHEIE,
KOMHCCYpaJIbHbIE U d(PPepeHTHEIE.

OnHoit W3 camMbIX BaXHBIX Tpynn ad@depeHTHBIX BOJOKOH — JTO TpyMa,
MIPOUCXOISINAS U3 BEPXHETO MIEHHOTO TaHTIINSI, KOTOPBIN MOTy4YaeT BXOJHBIC JAHHBIE OT
CyIpaxua3MaTHIeCKOro sapa U B OCHOBHOM CBs3aHa C IIUKJIIOM CHa-00JpCTBOBaHMS

(Nieuwenhuys R., 2007).
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Onudus sBISETCs ONHOM M3 IIECTH CTPYKTYp TOJOBHOTO MO3ra, KOTOpas He
3alUIIeHa TeMaTodHIePaTnIecKuM OapbepoM, MOITOMY HHTEHCHBHO HaKaIlJIMBAeT
KOHTPacTHOE BEIECTBO MpPHU IMPOBEJACHHUH MArHUTHO-PE30HAHCHOW TOMOTrpapuu
(T'opbauer B., 2020). DOnmuduz OGorato KpoBOCHAOXKAETCS, HEKOTOPHIE AaBTOPHI
YTBEPKIAIOT, 4YTO 3TO BTOPOU IO CTENIEHH BACKYJISIPU3ALIMKU OPraH B OPraHU3Me YEI0BEKA
nocye nouyek. Backynspuzanus snudusza odecrneunBaeTcs 3alHUMH XOPUOUIAIbHBIMU
apTepUsIMU U BHYTPEHHUMHU MO3TOBBIMU BEHaMHU.

[Ipu »eKTPOHHON MUKPOCKOIIMU B CTPYKTYpPE TKaHU MHUQPHU3a TOMUMO Pa3BUTON
COCYIUCTOM ceTH ObLIO MOKA3aHO HAJMYKE NMEPUBACKYIIAPHBIX pocTpanctB (Tan D. X.,
2016). Hekotopsie aBTOpBI CUMUTAIOT, YTO 3TH CTPYKTYphI, a TAKXKE PACIOJIOKEHHUE
smuur3a ABISIIOTCS MEXaHU3MOM OBICTPOTO pachpeieNICHUsI MEJIaTOHWHA B JIMKBOPE, KaK
MOIITHOTO aHTUOKCHUAAaHTAa JJIsl TKaHeu rojgoBHoro Mo3sra (Tricoire H., 2002).

OcHoBHOM ¢QyHKIMEHN snndur3a aBiseTcs Npeodpa3oBaHue NPUXOIAIIET0 CUTHAIA
OT CETYATKH B HEUPOIHJAOKPUHHBINA OTBET B BUJIE BHIPAOOTKH B OCHOBHOM MEJIATOHMHA,
a Taxke ceporoHnHa u N, N-numetuntpuntamuna (Ostrin L. A., 2019). 9ToT MexaHu3m
SBJIIETCSI OCHOBHBIM B (DOPMUPOBAHUM LHMPKAJHBIX PUTMOB YENOBEKA. Y BBICIIUX
MO3BOHOYHBIX CBET BOCHIPUHUMAETCS] BHYTPEHHEW CETYaTKOM (TaHIJIMO3HBIMU KJIETKAMU
CETYATKH), KOTOPBIE TMOCHUIAIOT HEPBHBIE CHUTHAJBI B 3pUTEIbHBIE OOJACTH MO3ra
(Aulinas A., 2019).

Nudopmarus 00  OCBEHICHHOCTH  OT  CETYATKUM  OTHpaBIsAETCS B
CylNpaxua3MaTHUECKOe fIpo, a OTTyAda — B rumnotairamyc. Korga cBeTOBOM CHrHal
NOMajaeT Ha  CeTYaTKy, CYyNpaxua3MaTHUYeCKOoe SAPO  CEKPETUPYeT Tramma-
AMUHOMACJISIHYIO KHCJIOTY, OTBETCTBEHHYIO 32 MHIMOMpPOBAaHUE HEWPOHOB, KOTOPHIE
CHUHAIICUPYIOT B IEPUBEHTPUKYIISIPHOM sijipe TunoTanamyca (Isobe Y., 2004).

CrnenoBaTenbHO, CUTHA K SNTU(PHU3Y MPEPHIBAETCS U MEJIATOHUH HE CHHTE3UPYETCS.
HampotuB, Korja OCBEIIEHHOCTh CHUXXKEHA, CYyNPaxHa3MaTUUYECKOE SIAPO CEKPETHUPYET
rilyTaMar, OTBETCTBEHHBIM 3a Mepeladyy CHUrHajda K IEPUBEHTPUKYISIPHOMY SIPY.
[lepuBeHTpUKYISIpHOE SAPO, B CBOIO OuYepedb, COOOIIAETCS C BEPXHUMH T'PYIHBIMHU
CETMEHTaMHU TO3BOHOYHOTO CTOJ0a, TepemaBass MHGOPMAIMIO B BEPXHHUM IEHHBIN

raurnui. OH mnepefaeT OKOHYATENbHbIM CUTHAl B ANU(HU3 yepe3 CUMIATHYECKHUe
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MOCTCUHANTUYECKUE BOJIOKHA, BEICBOOOXKAasi HOpaapeHAINH. TakuM 00pa3oM mogaeTcs
CUTHaN JJis BbIpaOOTKM MenaToHMHa W ero mnpousBoaHbix (Cipolla-Neto J., 2018;
Ostrin L. A., 2019).

KpoMe OCHOBHOro y4yacTvs B HUPKAJHOM PUTME IIMIIKOBUJIHAS JKeJie3a TaKKe
y4acTByeT B psae JApyrux (U3MOJIOrHYEeCKUX (YHKIMH, TaKuX Kak perysisuus
Hactpoenus (Al-Holou W. N., 2010), momoBoro co3peBaHuS U Pa3MHOKCHUS
(Leone R. M., 1979), monynupoBaHusi aKTUBHOCTH IOJIOBBIX >K€Ji€3 U MUTMEHTAIuU
(Raghuprasad M. S., 2018). Umerorcs Taxxe coobmieHuss o0 accoruanuu (QyHKIUHA
samu(uU3a ¢ TaAKUMU paccTpoilcTBaMu, kak oxupeHue (Golan J., 2002), aprepuanbHas
runieprensust (Reyes P. F., 1982) u cunapom BHe3anmHO# geTckoi cmeptH (Sparks D. L.,
1988).

Pazmepbl W 00BEM MIMIIKOBUAHOW JKeje3bl B MpUpOE BapuabenbHbl. Y
MMO3BOHOYHBIX €€ pa3Mep, BEPOATHO, CBSI3aH C BBDKMBAHUEM B KOHKPETHON cpelie
oOutanus u reorpaduyeckuM TMojoxkeHueM. Yem B Oojiee CYpOBBIX U XOJOJHBIX
YCJIOBUSIX MPOXKUBAECT UX OOUTATENh, TeM OoJibliie Yy Hero snudui. OOliee npaBuio
COCTOUT B TOM, UTO MHU(PU3 YBETUIMUBAETCS B pa3Mepax y MO3BOHOYHBIX C IOra Ha CEBEp
WM OoT 3kBaropa Kk noirocam (Tan D. X., 2018).

Camas 6oJbIas MUIIKOBHUIHAS JKeJe3a Oblia 3aUKCUPOBaHA Y HOBOPOKIEHHBIX
IOKHOTIOJIIPHBIX THOJICHEH, 00BEM KOTOpOM 3aHMMaeT A0 s TOJOBHOTO MO3ra
JKUBOTHOTrO. YUTO Kacaercsa moAed, HAa OCHOBAHMU JAHHBIX MArHUTHO-PE30HAHCHOMU
TomMorpadud ¥ TAaTOJIOTOAHATOMUYECKOTO UCCJIEIOBAHMS, HOPMAJIbHBIE pa3Mepbl
snudu3a cocTaBisAOT 10 12 MM B JIMHY, 3-8 MM B IIMPUHY U 4 MM B TOJIIIMHY, €€ BEC
paBeH ot 0,1 1o 0,18 r (Konosanora H. A., 2019). Cpenuuit 00bem coctaBisier 94,2 +
40,65 mm 3 (Raghuprasad M. S., 2018). O6bem srndu3za, Takxe, Kak 1 00beM T'OJIOBHOTO
MoO3ra y My>X4MH Oosbliie, ueM y sxeHiuH (Han Q., 2018).

Ha ocHoBaHMM JaHHBIX KOMMBIOTEPHOW TOoMorpaduu, ObUIO IMOKa3aHO, YTO
UMeeTcs mpsMas 3aBUCUMOCTh YMEHBIICHHS oObema J3muduza ¢ BO3PACTOM U
YBEJIMYEHUSI TIPOIIEHTA €T0 KaJbIIMHAIIUY, IPUYEM HauOOJIBIIHI MPOIEHT 00heMa U JI0JIH

KaJIBITUHAIIMKA TIPUX0auTcs Ha Bo3pacT 60-69 ner (Beker-Acay M., 2016). IIpu sTom,
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MaKCUMaJIbHBIH 00BEM JKeNle3bl ObLT OOHApY)XEH B BO3pacTHOW rpymnme 46-65 ner
(Gheban B. A., 2021).

Bbb110 yCTaHOBJIEHO, UTO 00BEM HIMIIKOBUAHON KEJI€3bl MOXKET U3MEHSATHCS MpU
pa3IMYHBIX HEBPOJOTHYECKUX M TICUXHUYECKHX 3a00JIEBaHUAX, HYTO CBS3BIBAIOT C
HapyIllIEeHHEM CHHTEe3a MEJIAaTOHMHA M CepoTOHMHA. Hampumep, B HcCClieOBaHUU
T.Takahashi u coaBTOpOB, OBLIO JOKa3aHO JOCTOBEPHOE YMEHBIICHHE O0BeMa
HIUMITKOBUIHOM KeJie3bl y TalueHTOB ¢ HannureM muzodpennn (Takahashi T., 2019).

B »TOM uccienoBanuu ¢ moMoIiblo MAarHUTHO-PE30HAHCHOU TOMOTpauu U3ydaiu
o0beM smudu3a y 64 nanueHToB ¢ MepBbIM 3MU300M mu3odpeHnu, y 40 mauueHToB ¢
XPOHUYECKUMH TPOSBICHUSAMH, y 22 YEJIOBEK C NMCUXUICCKUM COCTOSSHHEM W3 TPYTIIIBI
pucka Uy 84 3110pOBBIX JIt0JIel U3 KOHTPOJIBHOM rpymibl. B monepeyHoM cpaBHEHUHU BCe
TPU TPYNIBI C KIMHUYCCKUMH TPOSBICHUSIMHA HMEIH 3HAYUTEIIBHO MEHBIIHA 00BheM
’MHU(puU3a 0 CPABHEHUIO C TPYIIION 310pOBOT0 KOHTPOJIS.

Taxoke aBTOpBI MPEANOIOKUIU, YTO MEHBIIAs 10 00BEMY HIMIIKOBUIAHAS JKeje3a
MOJKET OBITh MapKEpPOM BEPOSITHOCTH Pa3BUTHs MN30(DPEHUHN W, BO3MOXHO, OTpa)KaeT
PaHHIOI0 aHOMAJIMIO pa3BUTHs HEPBHOU cucTemsbl (BastosJr M. A. V., 2019; Takahashi T.,
2019). B apyroMm ucciaeioBaHMM 3TUMHU K€ aBTOpaMU ObLJIO MOKAa3aHO, YTO, 00BEM
HIUIITKOBUIHOMN JKeJIe3bl U PACIIPOCTPAHEHHOCTh KUCT B TPYIIAX MAIMEHTOB C TSHKEIBIM
JIETIPECCUBHBIM ~ JIMU30JIOM M  PEKYPPEHTHBIM  JICTIPECCUBHBIM  PACCTPONCTBOM
CYIIECTBEHHO HE OTIIMYAIMCH OT TAKOBBIX B KOHTPOJIBHOM IPyTIIE 30POBBIX JroAeH. Tem
HE MeHee, 00BhEeM IUIIKOBUIHON Kesie3bl ObLT 3HAYUTEIHHO MEHbIIIE B MOJATPYIIIE C
TSOKENBIM ~ OMU30J0M  HEMENAHXOJUYEeCKOW  JCTPEcCHH, YeM B  MOATPYIIe
MEJIaHXOJIMYEeCKON aenpeccuu. HHTepecHO, 4YTO 00BEM IIMIIKOBUIHOW IKEJe3bl
OTpHUIIATEIHLHO KOPPEIUPOBa ¢ TsokecThio 3a0oneBanust (Takahashi T., 2020).

B npyrom uccrnenoBanuu ObL1 OIIEHEH 00beM MUHEATBHOM JKeIe3bl y MalieHTOB C
Oomne3Hpi0 AunblreliMepa, MAIMEHTOB C JITKUMU KOTHUTUBHBIMH HapyIICHUSIMH,
3IOPOBBIX KOHTPOJBHBIX CYOBEKTOB M COIMOCTaBJIEH C pPe3yJbTaTaMW KOTHUTHUBHBIX
TECTOB U 00BbEMaMU MaPEHXUMBI ToJIOBHOTO Mo3ra (Matsuoka T., 2018). belio nmoka3zaHo,
YTO y MAaIMEHTOB ¢ O0Je3HbI0 AublreliMepa OOBEM MIMIIKOBUIHOW >KEJIe3bl OBLI

AOCTOBCPHO MCHBIIC, a TAKKC YTO YMCHLBIICHHC o0BeMa HIHHJKOBHJIHOﬁ KEIIC3bI
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KOpPpEIUpyeT CO CHIKEHWEM KOTHUTHUBHBIX (yHKmmii. Takum o0pa3om, m3MepeHue
o0BbeMa MIUIIIKOBUIHOU KEJIEe3bI MOKET OBIThH TIOJIE3HO IS TPOTHO3UPOBAHUS CHIKCHUS
KOTHUTHUBHBIX (DYHKIIMH y marMeHToB ¢ OoJsie3Hb Anblreiimepa (Matsuoka T., 2018).
Takast ke xoppensaius Oblla OOHApyKEHa Yy TAIlUEHTOB C ayTH3MOM, ICHX03aMH U
00CeCCUBHO-KOMITYJIbCUBHBIM PAacCTPOMCTBOM JIMYHOCTH B CPABHEHHUM CO 3/I0POBBIMU
noopoBosbiiamu (Atmaca M., 2019; Maruani A., 2019; Gorgili F. F., 2021; Takahashi
T., 2021). Takxe ObUIO MOKA3aHO, YTO YPOBEHb AKTHUBHOCTHU LIMIIKOBUIHOM KEJIE3bI
JIOCTOBEPHO CHIIKAETCA Yy JIOJIEH, COBEPIIMBIINX CYMIINI, HA OCHOBAHUU MTOCMEPTHOTO
BCKPBITHUS U OLIEHKU YpOBHA MenaToHuHa B JiukBope (KurtulusDereli A., 2018).

B npyrom uccnegoBanuu, ObLIO TI0Ka3aHO, YTO OOBEM IIUIIKOBUIHOM JKeJie3bl HE
CBs3aH ¢ HaiMuueM y marueHTa snuiencuu (Bosnjak J., 2018; Atmaca M., 2019). B
JUTEpAType TaKKE OMMCAHBI CIy4Yau areHe3uu Smudu3a, Kak CIydaiHOW HAaXOJKH MPH
MOCMEPTHOM BCKPBITMM, YTO CBS3BIBAIOT ¢ MyTamuedt reHa PAX6, KkoTopblit
npenacrasisger coboit pakrop Tpanckpunimu (Cox M. A, 2017).

Kpome Toro, coobmiaercs, 4To 00beM MIMIIKOBUIHON KEJe3bl HIKE Y MAIIUEHTOB
c Oecconnuneit (Mahlberg R., 2009; Bumb J. M., 2014), cungpomom neduimra
BHUMaHus u runepaktuBHoctu (CIBI') (Bumb J. M., 2016) u oxupenuem (Grosshans
M., 2016). UmeroTcs nanHble O poiu »nudu3a B OCYIIECTBICHHUH KOTHUTHBHBIX
dbynkuumii. Hanmpumep, B uccnenoBanuu batoynu n Cucaxtu Obliia BBIIBUHYTA THIIOTE3a
O TOM, YTO 3MH(U3 UTPAET POJb B YEITOBEUCCKON MaMATH, YTO TPeOyeT MAIbHEHUIIEro
uzydyenus (Batouli S. A. H., 2019).

B nutepatype ommcaHo, 4TO CYHIECTBYIOT (DaKTOphI BO3JICUCTBUS Ha OO0BEM U
COCTOSIHUE UIMIIKOBUAHOW Xkene3bl. KopeHckuMHu ydeHbIMH OBLUIO IOKa3aHO, YTO
MEHbIIIee 3HAYeHHE 00beMa MIMIIKOBUIHON JKelie3bl ObLIO CBSI3aHO C 00Jiee BBICOKHM
COBOKYITHBIM MOTpeOIcHuEM Ko(e B TeUEHHE BCEH KU3HHU. Y YaCTHUKU HCCIICIOBAHMS,
KOTOpBIe MOTpeOIsIu Kode B TeueHue 6osee 60 gariek B roj, IMEIN CHIDKEHHE 00beMa
xene3bl mpuMepHo Ha 20%, yeM y mrojiel, KoTopbie moTpedsun kode Mmenee 60 gariek
B roa. Takke 00beM s r3a ormocpeoBall CBsI3b MEXKIy MOTPeOIeHIEM KOJe B TCUCHHE

Bcell ku3HM d(PPekTuBHOCTHIO U KadecTBOM cHa (Park J., 2018).
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JpyruM mpuMEpOM SIBIISIETCSI UCCIIEIOBAHME HA KpbICaX, MPU KOTOPOM ObLIO
MPOJIEMOHCTPUPOBAHO, YTO JueTra 0e3 QTopa crocoOCTBOBaia mposmdepanuu
MMHEAJIOUTOB U POCTY IIUIITKOBUJIHOM KeJe3bl y CTAPhIX )KUBOTHBIX, a JIeUeHHUE PTOPOM
MOAABIISIIIO POCT XkKeje3. DTU JaHHbIE CBUACTEILCTBYIOT O TOM, YTO MUIIEBOM (PTOp
MOXET OBITh BPEIHBIM JIJIs MIUIIKOBUAHOM kene3nl (Mrvelj A., 2020).

1.3. MesiaToHuH H ero GyHKIUU

MenaToHHH — OCHOBHOM TOPMOH, BEIpa0aThIBaeMbIi SMTH(DH30M, CHHTE3UPYETCS U3
aMUHOKHUCIOTHI L-Tpunrodana, npeBpaiiasch B CEpOTOHUH WIH S-THAPOKCUTPANITAMUH,
nanee B N-alleTUiI-5-ruApoKcUTpuntaMud. CKOpoCTh 00pa30BaHUsI MEIATOHUHA 3aBUCUT
OT AaKTUBHOCTH JBYX (epMeHTOB: cepoToHUH-N-anetmwitpancepassl (AANAT) B
MeHbIlleH  cTeneHu, Tpunrtodanruapokcunazsl  (TPH),  kortoperit  sBisercs
MUTOXOHApHAIbHBIM (GepmenToM. TPH cymectByer B nByx wu3odopmax. TPHI
oOHapyXUBaeTCs B INHUIIKOBHUIHOW JKele3e M KUIeYHuKe, Torma kak TPH2
AKCTIPECCUPYETCS] MCKIIOUMUTENIBHO B ToJIoBHOM Mo3re (Sakowski S. A., 2006).
MenaTtonuH, BbIpa0aThbIBa€Mblid IIUIIKOBUIHOM  JKEJI€30M, BBICBOOOXKIAETCS B
HUPKYJSIIUI0 U MOJYy4YaeT JOCTYH K PA3IUYHBIM JKHUJKOCTSIM, TKAaHSIM M KJIETOYHBIM
koMmnapTMeHTaM. CaM rOpMOH HE HAKaIIMBAETCA B IIUITKOBUIHOM xese3e, Mpoduib ero
YPOBHEW B IUIa3M€ OTPAKaCT AKTUBHOCTh NHHEAIBHOW Keyie3bl. M3BecTHO, 4TO
BbIpa0aThIBAEMbIN JKENIe301 MEJATOHMH BBIJEISETCS YaCTUYHO B KPOBSHOE PYCIIO,
YAaCTUYHO TIPSIMO B JIMKBOP, UYTO TNOATBEpXkAaeT OoJiee BBICOKUN YpOBEHBb €ro
KOHIIGHTpAIlMu TpH JAa0OpAaTOPHOM aHallk3e, YeM B JAPYruX (PU3HOJOTHYECKUX
KUJKOCTSIX (KpOBb, ciitoHa, Mova) (Reiter R. J., 2014).

HeomnpoBepxuMble 10Ka3aTelIbCTBA IMOJITBEPXKIAIOT ATOT CEKPETOPHBIA MYTh.
AHATOMUYECKH B CTPYKTYpPE KEJIE€3bl UMEIOTCS KaHAJbIIbl, KOTOPHIE HEMOCPEACTBEHHO
OTKPBIBAIOTCS B CIIMHHOMO3TOBYIO KHJKOCTh TpeThero skemynaouka (Krsti¢ R., 1975;
Reiter R. J., 2014). YuuteiBas, 4To B OpraHu3Me MOMHMO 3MHUPU3a UMEIOTCS IPYrue
WCTOYHUKU BBIPAOOTKA MEJIATOHMHA, CUUTACTCS, YTO MEJIATOHWH, BHIPAOOTAaHHBINA B
sanuduse, UAET UCKIIOUYUTEIHHO HA HYXIbl TOJIOBHOTO MO3ra, OCOOCHHO MPHU OCTPHIX

COCTOSAHHUAX.
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[leyens ae3aktuBupyet Oosnee 90% HUPKYIHPYIOMIETO MeTaTOHUHA. MenaToHuH
CHavyaJla TUAPOKCHWIMPYETCS B TMOJOXKEHHMH 6 TNEYeHOYHBbIM IUTOXpoMoM P450,
npeumyiectseHHo uzopopmoit CYP1A2 (Ma X., 2005). 3arem 6-rufipoKCUMEIaTOHUH
KOHBIOTUPYETCS C Cylb(paTOM U, B MEHBIIEH CTENECHH, C TIIIOKYPOHOBOW KHCIOTOU, U
oOpasyroruecs KOHBIOraThl BIBOJATCS ¢ Modor (Ma X., 2005; Skene D. J., 2006).
OdeHb HEOOJBIIOE KOJUYECTBO CBOOOAHOTO O-THAPOKCUMENATOHWHA BBIBOJAMUTCS B
HEM3MEHEHHOM BHUJE ¢ MOUoi. Dkckperusi aMT6 ¢ Mool TouHO OTpakaeT MpouIb
MeJIaTOHMHA B TUIa3ME M YaCTO UCIOJIb3YETCs JIJIsl OLIEHKU PUTMa MeJIaTOHUHA, 0COOCHHO
y uenoBeka (Arendt J., 1995).

[Ipu poxaeHun ypoBEeHb MEJATOHMHA B KPOBU IIJIOJA TMPAKTHUYECKU HE
ONpENIEINAETCS, €AMHCTBEHHBIN MCTOYHUK MEJIATOHHWHA Yy IUIOJA — YEPE3 IJIALEHTapHOE
KpoBoOOpallleHre. YPOBHU MEIaTOHWHA B IMyNOBUHHOM KPOBOTOKE IUIOAA OTPAKAIOT
JTHEBHYIO U HOUHYIO Pa3HUILy, HaOJII0JJaeMyI0 B KPOBOTOKE MaTtepu. PUTM MenaroHuHa
pOSIBIISIETCS] MpuMepHO depe3 2—3 Mecana xu3Hu (Kennaway D. J.,1992), ero ypoBHu
HKCIIOHEHIIMAJBbHO BO3pacTalOT A0 MHKa Yy JeTed mpemyOepTaTHOro BoO3pacTa.
KoHlleHTpanus MenaToOHWHA y JETel CBsi3aHa CO CTaAUsIMU IOJOBOTO CO3PEBAHMS IO
Tannepy (Waldhauser F., 1984). Ilociie 3Toro mpoucxXxoauT HEYKJIOHHOE CHUKEHHE,
JIOCTUTAIOIIEE CPEIHUX KOHLEHTPALMM B3POCIbIX B MO3JHEM MOJPOCTKOBOM BO3pacCTe
(Wetterberg L., 1999). 3nauenus crabunbHbl A0 35-40 5eT, mocjae 4Yero cieayer
CHIDKEHHME aMIUIUTYIbl PUTMA MEJATOHWHA W CHIDKEHUE YPOBHEM C BO3pacTOM, 4UTO
MPUBOIUT K (PparMEeHTUPOBAHHBIM MOJICIISIM CHA U O0pCcTBOBaHUS. Y Jtojiei ctapiie 90
JIET YPOBHU MEJATOHWHA COCTaBJISIOT MeHee 20% OT KOHUEHTpAMid MOJOMBIX JIIOAEH
(Scholtens R. M.,2016). CHmxeHue BbIpaOOTKH MEJIATOHHWHA C BO3PACTOM OOBSCHSIETCS
pa3HbIMM  TNPUYMHAMM:  KaJblIMHO3  IIWIIKOBUIAHOM  JKENe3bl,  HapyIICHHE
HOPAJIPCHEPTUYECKON HMHHEPBALIMKM JKEJIe3bl M CIOCOOHOCTH OOHApy)XUBaTh CBET
(xaTapakTa).

@OyHKIUHA METATOHUHA:

["'opMOH MenaTOHUH MPUCYTCTBYET MPAKTUUECKU BO BCEX OpraHU3Max IiaHeTsl. U
OH SIBJISIETCSI OJTHAUM M3 CaMbIX 3BOJIIOIIMOHHO KOHCEPBATUBHBIX BELIECTB-PETYISITOPOB.

E,ZII/IHCTBCHHBIM HCTOYHHUKOM  MCJIIATOHHMHA Yy J'IIO)ICI\/'I, BBIITOJIHAIOIICTO  POJIb
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doToperynsTopa UUPKAAUAHHBIX OMOPUTMOB BCErOo OpraHusma, spisercs snudui. Ho
MEJIaTOHUH BBIPAOATHIBAETCS HE TOJBKO B AMH(U3E, €ro CUHTE3 0OHAPYXKEH MOYTH BO
Bcex opranax. OH oOHapy»KeH B ceTyaTKe ria3a, >Keay104YHO-KUIIIEUHOM TPaKTe, TUMYCE,
UMMYHHBIX KJIETKaX, CepJIle, MOJIOBbIX XKelle3ax, aHTpalbHbIX (posunkynax. JlelicTBue
HKCTpaANMHEATLHOrO MEJIaTOHUHA, KaK MPaBUIIO, ayTo- W/ win napakpuHHoe (Pamomnopt
C.1.,2009). O6bem ero mpoyKIUU BapbuPyeT B 3aBUCUMOCTH OT opraHa. CUUTAIOT, YTO
CUHTE3 JKCTpPalNMHEAIbHOTO MEJATOHMHA Yy BBICHIMX IIO3BOHOYHBIX HE HMMEET
CaMOCTOATENbHON (POTONEPHUOTUYHOCTH — OHA 33JAETCSI MEJIATOHUHOM, CUHTE3UPYEMbIM
B anuuse.

KitoueBast posiib MeaTOHMHA B OPraHU3ME CBSA3aHA C TE€M, YTO NEPHOJUKE €ro
IPOAYKLUMH TOJYUHEHBI BCE DHAOTEHHBIE PUTMBI OpraHu3Ma. OCHOBHBIE CTPYKTYpBI
PEryJsIuY LUPKAJIHBIX PUTMOB JIOKAIU3YIOTCS B pa3JIMYHBIX 00nacTsax mo3ra. Cekpenus
MEJaTOHMHA  OJHOBPEMEHHO  PETYJIHMPYETCS  CYNPAaxXUa3MAaTHUYECKUM  SIAPOM
TUIoTajaMyca, T€HEPUPYIOIIUM 3HIOTE€HHBIN [IUPKaAUaHHBIA PUTM C HEpUOAoM 23-25
4acoB, M BHEIIHUM pPHUTMOM CBE€T—-T€MHOTAa, HMEIOIMIMM mepuoa 24 daca u
KOPPEKTUPYIOIIMM 3HJIOTCHHBIE PUTMBl OTHOCHUTEIBHO PHUTMOB BHEIIHEH Cpeabl
(Panonopt C. 1.,2009). JansHeimas peaau3anus peryasiTOpHbIX XpOHOOHOIOTHYECKUX
IIPOLIECCOB OCYLIECTBISIETCS YEPE3 BOBJICUEHUE B 3TOT MPOLECC NAPABEHTPUKYJISIPHOTO
Aapa TUIOTalaMmyca, OT KOTOpOro MpPOBOASAIIME NYTH HAYT K 3nudusy, rae
OCYUIECTBJISIETCSI CUHTE3 M MPOAYKIIMS MEJIaTOHUHA — TJIABHOTO (DakTOpa ryMOpasibHON
peryisliud IUKIa COH-OOAPCTBOBAaHME M OJHOTO M3 KIIOYEBBIX (PaKTOPOB,
onpeaenssrommx anantauionasie Bo3MoxHOCTH [{HC u Bcero opranusma. M3mMeHeHus
NPOAYKUUHA MEJIATOHWHA, CTPOro CIEIYIOUIUE 3a U3MEHEHHMSIMU MPOJIOJKUTEIIBHOCTH
CBETOBOT'O M TEMHOI'O BPEMEHH CYTOK, BBI3BIBAIOT CYTOYHBIE U CE30HHBIE IIEPECTPONKH B
OpraHU3Me YeJIOBEKa U )KMBOTHBIX.

O4eBUIHO, YTO BBICOKAs IMPEACTABICHHOCTh MEJATOHMHA HA HBOJIIOLMOHHOM U
OpPraHHOM YpOBHE 03HAYaeT €ro BbICOKOE (PYyHKLIHOHAIBHOE Pa3sHOOOpa3ue U y4acTHUE B
peryisiiud MHOTUX OMOXMMHYECKHUX MPOLECCOB OpraHu3Ma. buonormdyeckue puTMbI
SBIISIIOTCS YHUBEPCAIbHBIM U HEOOXOAMMBIM HHCTPYMEHTOM aJalTallid OpraHu3Ma K

OKpYXalollled Ccpele U OXBaThIBAIOT BCE TMPOSIBICHUS JKUBOTO OT (DYHKIIMIA
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CyOKJIETOYHBIX CTPYKTYp, KIJIETOK, TKaHEH, OPTraHOB JIO CIOXKHBIX IMOBEICHYCCKUX
peaKunil OpraHnu3Ma, NOMyJISIIAM, SIKOJTOTHYECKUX CUCTEM.

Crnektp 2(pdekToB MeIaTOHWHA B OpPTaHM3ME YEJIOBEKa YPE3BBIUAMHO MIMPOK. B
OTJINYME OT MHOTUX TOPMOHOB €T0 JICMCTBUE HA KJIETOYHBIE CTPYKTYPBI 3aBUCHT KaK OT
KOHIICHTPAIIMX B KPOBOTOKE MJIM OKOJIOKJIETOYHOM IPOCTPAHCTBE, TaK U OT UCXOJHOTO
COCTOSIHUS KJIETKH, Ha KOTOPYIO OCYIIECTBIISICTCS BO3JeHCTBUE. DTH (DAKTHI ITO3BOJISIFOT
CUMTATh MEJATOHWH YHUBEPCAJIbHBIM SHJIOTCHHBIM aJanTepoM, MOAAEPKUBAIOIINM
OajaHC opraHu3Ma Ha ONPEACIICHHOM YPOBHE U KOPPUTHPYIOIIMM H3MEHECHHUS B
FOMEOCTa3e€ B COOTBETCTBMM C HM3MEHCHUSIMH OKPYKAIOWIEH CpeAbl U JOKAIbHBIMU
BO31ECHCTBUSIMU.

OyHKIMY MeJaTOHWHA B OPTaHU3ME BKIIFOYAIOT B ceOsI:

1. Perynsinuio upKagHbIX U CE30HHBIX PUTMOB;

. Perynsnmio mcuxosMoImoHaaIbHON U KOTHUTUBHOM Cephl;

. AHTI/IOKCHIIaHTHOG, Heﬁpo- U I'CPOIIPOTCKTUBHOC I[CﬁCTBPIG;

2
3
4. UmMyHOMOIyIMpYIOIIIEE JCHCTBUE;

5. Bereroctabunusupyroiee 1eHCTBUE;

6. OHKOITPOTEKTOPHOE ICHCTBUE;

7. YHUBEPCAIIBHOE CTPECC-NIPOTEKTOPHOE JICUCTBUE.

Huskuil ypoBeHb MEIIATOHMHA y CTapblX JKUBOTHBIX M MOXKWIBIX JHOJEH (IO
CPaBHEHHMIO C MOJIOJIBIMH) IMO3BOJISIET MpEAIoyiararb, 4T0 HOpPMaIU3alMs JUHAMUKU
MEJIATOHWHA B OPraHU3ME MOYKET KOMIIEHCUPOBATh MPOLECCHI, CBSI3aHHBIE CO CTAPEHUEM.

YyactTue MeJIaTOHMHA B CE30HHBIX MEPECTPOMKAX JKUBBIX OPraHU3MOB 10
MOCJICTHETO BPEMEHM TIIATEIbHO HW3Y4YAJIOCh Y MXHUBOTHBIX B CBSI3U C HMX CTPOrOM
CE30HHOW PUTMHUKOW Pa3MHOXKEHUS, MUTpALUil, CMEHbl MeXa M 3uMHed crosuku. C
KJIMHUYECKOM TOYKH 3PEHUSI OCHOBOIOJIAramollas poJib MEJIATOHMHA B CE30HHBIX
MepeCcTPOiKax Ype3BbIYaiHO Ba)KHA ISl HOHUMAHUS MPUYMH U MEXAHU3MOB CE€30HHBIX
00OCTpEHMII XPOHUYECKH MPOTEKAIOMIMX 3a00JIEBaHUI BHYTPEHHUX OPTraHOB, a TaKkKe
NCUXUYecKux Oosie3Hel. Ha HacTosiliemM sTarne MHOTOYMCICHHBIMH HCCIICIOBAHUSIMU

IMOATBCPIKACHO, YTO IJIaBHAA POJIb B MCXAHH3MC CC30HHBLIX IICPCCTPOCK OpraHu3Ma

YCJIOBCKA IIPUHAMJICKHUT CTpOro CJICAYIOIMUM 3a Q)OTOHCPHO)IOM HN3MCHCHUAM
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npoaykiuu menatonnHa (Sadeghniiat-Haghighi K, 2008). Hanuuune ce3oHHO#M puTMHUKH
NPOIYKUMH MEJATOHUHA SIBIISETCA HEOOXOIUMBIM YCIOBHUSAM 340POBbS YEJIOBEUYECKOTO
opranusma. [loaTBepklieHHeM 3TOMY SBISIIOTCS (DAaKThl Y4YallleHUs JIETPECCUBHOIO
COCTOSIHUM M aJKOIrOJIU3Ma y JIMI C HAPYLIEHHOW CE30HHOM PUTMHUKOW CEKpELUH
MeJIaTOHMHA TPU MEPEMENICHUH U3 CPEHUX IIHMPOT Ha paboTy B YCIOBUS KpaHETO
Cesepa (Tan D.X., 1993), a Takxe (akT OTCYTCTBHSI CE30HHOW PUTMHUKHU MPOJYKIIHH
MEJIaTOHWHA Yy TAIlMeHTOB CO 3JI0Ka4eCTBEHHBIMU HOBooOpaszoBanmsimu (Reiter R. J.,
2002).

Takum oOpa3oM, MeEJATOHUH MPEACTaBIseT CcOOOM TOPMOH, OO0JaJaroNIUl
VHUKQJIbHBIMU aJIallTUBHBIMUA BO3MOXXHOCTAMHM. HapyiieHue ero mnpoayKIuu, Kak
KOJMYECTBEHHO, TaK M €ro puTMa BBIPAOOTKHU SIBISETCA ITyCKOBBIM MOMEHTOM,
OPUBOMASIIMM HAa HAYalbHBIX 3Tanax K JIECHHXPOHO3Y, 3a KOTOPBIM CIIEyeT
BO3HMKHOBEHHE oOpraHudeckoil martojiorud. CrenoBaTesbHO, caM (DaKT HapyHICHUS
MPOAYKIIMM MEJIIATOHWUHA MOXET SBIATHCS MPUYMHONM BO3HUKHOBEHHUS PA3ITUYHBIX
3a00J1eBaHUM.

AHTHOKCUJIaHTHBIE€ CBOMCTBA MEJIATOHMHA:

Takue cBOICTBa MeJIaTOHUHA, KaK CIIOCOOHOCTh aKTUBHO MOTJIOLIATH CBOOOHBIE
pajuviKaigbl M TPOSBIATH AHTHOKCHJIAHTHBIE CBOWCTBA ObUIM OOHApY>KEHBI TOJIHKO B
nocinenuee aecstuierne (Reiter R. J., 2000). B mocnennue 10-12 et nosBUIOCK MHOTO
paboT, KacalIIMUXCs CIHOCOOHOCTH MEJIATOHMHA, HEMOCPEACTBEHHO HEWTPaINu30BaTh
cBOOO/IHbIE paAJMKaIbl M POJCTBEHHBIE TOKCHUYECKHE BEIIECTBA, M HX BpPEIHOE
BO3JICHCTBHE HAa KIIETKM M TKaHW OopraHu3ma. MeTaOoJuThl MENAaTOHMHA, KaK M cam
TOPMOH, CIOCOOHBI HEUTpaIu30BaTh akTUBHbBIE (OpMbI Kuciaopona. JlaHHblil addexT
MEJIATOHWHA U €r0 METaOOJUTOB HA3BIBACTCS AaHTHOKCHIAHTHBIM KAaCKaJOM, KOTOPHIA
MO3BOJISIET MEJNATOHMHY M €ro MeTaboJuTaM MOTrJIOLATh AOMOJIHUTENbHBIE PaJIuKaIbl
CBEpX TOTrO, YTO MOKET HEHTpanu30BaTh TOJBKO MEIATOHHUH. DTOT METaOOIMYeCKUN
KacKa/Jl MO3BOJISIET MEJIATOHUHY MOTJIOMIATh Psii PAIUKATIOB B OTJIMYHE OT KIACCUYECKHUX
AHTUOKCUIAHTOB, JUIsl KOTOPHIX COOTHOIIEHHE KOJIWYECTBA MOTJOTUTENS K KOJIUYECTBY
HEHUTpaIM30BaHHBIX pagukanoB 00bdHO cocTaBisieT 1:1 (Cuzzocrea S., 2001).

MenaToHUH B IESITEIHLHOCTH CEPACUHO-COCYAUCTON CUCTEMBI:
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Hannune mupkaavaHHOW PUTMHUKU apTEPHAIBHOTO M LIEHTPAIBHOTO BEHO3HOTO
nasnenus y monen (Panonopra C. 1.,2009) cBuieTenscTBYET 00 y4acTUH MENATOHUHA
U B perymsauuu QyHKUUNA CepJeYHO-COCYIUCTON CHUCTEMBbI. B MOJIb3y 3TOr0 rOBOPUT
Tak)Ke TMPUCYTCTBUE PEUENTOPOB K MEIATOHHHY B MBIIIEYHOM CJIO€ W SHIOTEIHH
COCY/IOB.

O4eBUHO, YTO BIUSHUE MEJIATOHMHA HA COCYJIUCTBHI TOHYC HEOAHO3HAYHO U
3aBHCUT OT HCXOJHOTO COCTOSIHHUS COCYIOB. MeXaHU3Mbl, MOCPEACTBOM KOTOPBIX
MEJIaTOHMH OKa3bIBAET BJIMSHUE HA COCYIUCTHIN TOHYC, BKIIOUYAIOT B C€0s: CBA3BIBAHUE
MEJTaTOHMHA ¢ COOCTBEHHBIMH PEIENTOPAMHU TJIAIKOMBIIICUHBIX KJIETOK U IHAOTENHUS
COCYJIOB, BO3JIEUCTBUE Ha ajipeHeprudeckue u nentuaeprudeckue (BUIL u cyOcranius
P) oxoHuaHus nepuBacKyJIspHBIX HEPBOB, BO3/ICHCTBUE HA aJIpEHEPTUUECKUE PELENTOPBI
WIA BTOPUYHBIE MECCEH/KEPHl B IEMH aJpPEHEPTHMUECKON CTUMYINSAIMHA MBIIIEYHOTO
COKpalIeHHsI, OJIOKUPOBAHUE CEPOTOHMHEPTrHUECKONM CTUMYJIALMU TJIaJKOMBIIIEYHOTO
COKpalleHMs, HWHTUOMpOBaHUE CceKpeuuun ceporoHnHa crpykrtypamu HHC wu
TPOMOOLIUTaMH, Ba30MPECCHHA TUTIOTAIAMYCOM M HOPaIpeHATNHA HAITOYCTYHHKAMHU.

C y4eToM NpOOKCUJAHTHBIX U aHTUOKCUJAHTHBIX 3()(PEKTOB MeEIaTOHUHA, POJIb
CHIDKEHHUSI €r0 MPOAYKIIMH B MAaTOTEHETUYECKHX MEXaHM3MaX aTepOCKIEPOTHYECKOTO
MOpaKEHHUS apTepuil B HAacCTosIIIIee Bpems akTuBHO obcyxaaetcs (Pamonopt C. U., 2006).
Ha coBpemMeHHOM »3Tane HE BbI3bIBAET COMHEHMH, UYTO HapyLIEHHE NPOAYKIIMU
MEJIaTOHMHA MOXET WIrpaTh 3HAYMMYI0O pOJb B TATOTEHETHYECKUX MEXaHU3Max
BO3HMKHOBEHHUSI KOpOHapHOW maTtosiorur. OO0 ATOM CBHUACTEIHLCTBYIOT Kak d(PQeKTh
caMoOro  MEJNAaTOHWHA, TaK W  KIMHWYECKHE  HWCCIEAOBaHHSA, B  KOTOPBIX
POJIEMOHCTPUPOBAHO CHHXKEHHE €ro HOUHOM npoaykuuu y 6oasHbX UBC.

Menaronun u 3a6oaeBanus [ITHC:

HenocraTtok BbIpaOOTKM MeENAaTOHMHA SIBISETCS MATOTEHETHYECKUM (PaKTOPOM
BO3PAacTHOTO yXyILICHUS 11epeOpOBACKYISIPHON reMOTMHAMUKN U MOXKET OTPEIeNIAThCS
ocnabjieHMeM  aHTHOKCHJAHTHBIX,  HEHPOpPEreHEepaTUBHBIX,  AHTHUTOKCUYECKHUX,
UMMYHOTPOITHBIX W psAla APYTUX CBOWMCTB, HA KOTOPBIX Oa3UpyeTcs €ro 3amiuTHas

byHKIHS.
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B nacrosmiee Bpemsi nokazaHo, uto Oose3Hb llapkuHCOHA ABISETCS TUIMUYHBIM
XPOHOIIATOJIOTUYECKUM (DEHOMEHOM, KOTOPBIA TECHO CBsI3aH C JE30praHu3allieid, B
MIEPBYIO OYEpElb, CYTOYHOTO MEpHOan3Ma. J[0Ka3aTenbCTBOM JAHHOIO YTBEPKACHUS
CITy>KaT IIUPKaJIHbIe KoJeOaHusl B TMHAMUKE KIIMHHYECKUX CUMIITOMOB CaMoii 00JIe3HU U
BO3MOXKHOCTh €€ 00OCTPEHHSI PK30T€HHBIMU U HHAOTEHHBIMHU (DAaKTOpaMu AUIPUTMUHU.
Paznuunble HapylIeHUsT HOYHOTO CHA Yy OOJIbHBIX ¢ OoJie3HbI0 [lapKuHCOHA SBISIOTCS
em€ OJHUM BECKUM apryMEHTOM B MOJIb3Y XPOHOIMATOJIOTUH 3TOr0 pouecca. CyTouHble
GdaroKTyaluu, 3aBHUCSIIME, B TOM 4YHCJI€ WU OT BHEIIHEro (oromepuoanusma, mpu
AKCTpAMpPaMUJIHON MATOJOTUU BBISBISIOTCS HE TOJBKO B IBUTATEIbHBIX HAPYUICHUSX,
HO M B COCTOSSHUM BEreTaTHBHOW HEPBHOW CHUCTEMbI, LMKJIA COH-0OJpPCTBOBAHHUE,
3pUTENIbHON (YHKIMH, a TakXke OTBETa Ha Tepanuio JA0()aMHUHOMUMETHYECKUMHU
cpencTBamu. B 4acTHOCTH, ABUTATENIbHBIE PACCTPONCTBA YCUIIMBAIOTCS YACTO B BEUEPHEE
BpeMs. BpICKa3aHO IPEAIonoKeHne, 4To MM0JI0CaToe TEI0, CYyNPaxua3MaTHIECKUe a1pa
u onupu3 B HOPME  MPEACTaBISAIOT  cOOOW  (YHKUIMOHAJIBHO  €IMHBIM
XpPOHOOHMOJOTUYECKUNA OJIOK, AKTUBHO YYACTBYIOIIMK B OpraHU3aldd CYTOYHBIX
KoneOaHuil mnoBeneHus. COOTBETCTBYIOIIME HApYUICHHUs AESITEIbHOCTH YKa3aHHOIO
0JIoka B LEJIOM M OTAEIbHBIX €ro KOMIIOHEHTOB BOBJIEKAIOTCA B (OopMUpOBaHUE
nUpKaguaHHo mu3putmun npu  Oonesnu [lapkuHcona. OCHOBHOW — CBSI3yrOIIEH
IPUYMHONM TAKOro BIMSHUSA MOXKET CIYXKUTh HEJOCTATOYHOCTh CHUHANTHYECKOrO
nopamuHa. M3BeCTHO, YTO HApALY C APYTMMH HelpomeauaTopaMu (HOpagpeHAINHOM,
CEpOTOHMHOM) AO(aMUH TECHO CBSI3aH C MOAJEPKaHUEM YPOBHsS OOJIPCTBOBAHUSA U
KOHTPOJIEM 32 UUPKAJIUAHHON PUTMHUKON U CHOM. CHHTE3, HAKOIUIEHUE, pa3pylIeHNUE U
oOpaTHbId 3axBaT J0(paMHUHA, OOHAPYKUBAIOT CYTOYHBIM NEPUOIU3M U MPAMYIO
3aBUCUMOCTB OT COCTOSIHHSI BHEIIIHEN OCBEILIEHHOCTH.

Bb110 BBISIBIICHO, YTO HAPYLIEHUS IUPKAIHOTO pUTMA U MOJIaBJIEHUE HOYHOTO ITMKa
MeJIaTOHMHA HaOJI0JaeTCs BO BpeMsl aKTUBHOW (Da3bl KJIACTEPHOM TOJIOBHOW OOJH, B
TeHEpalUK MPUCTYIIOB KOTOPOM MOTYT UIPaTh POJb HUCXOASIIME OMUOMIECPIHYECKUE

MexaHu3MblI B anuduse u runoranamyce (Buture A., 2016).
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1.4. Kucra 3nu¢puza

KucTel mmnkoBUAHON Kene3bl, 0 JaHHBIM JINTEPATYPhI, BhISBIAIOTCA B 25-40%
CJIy4aeB MpH MPOBEJICHUU MarHUTHO-pe3oHaHcHoM ToMorpaduu (El Damaty A, 2019).
[Ipy mnaTroI0roaHaTOMHUYECKOM UCCIEAOBAHUM YAaCTOTa KUCT MHUHEAIBHOU JKEJe3bl
nocturaetr 40% (Cauley K. A., 2009).

BonbImIMHCTBO KUCT OOHApYKMBAeTCs B O0JACTSAX IIMO3a, @ HEKOTOPhIE U3 HUX
MOKPBITHI TAPEHXUMATO3HBIM WJIH STIEHIUMHBIM 3nuTeiieM. OOBIYHO KUCTHI COCTOST U3
TpEX CJI0EB: cJIoi (hUOpOKoIIIareHa CHaApPYKH, CJION MapeHXUMbI IIUIIKOBUIHOMN JKeJe3bl,
KOTOPBIA MOXET UMETh OTJOKEHHUS KaJblHs, U CIOW THUIOLEIUIIOISPHON TIIMAIbHON
TKaHU, BHYTPU KOTOPOTO TAK)KE MOKET HAXOAUTHCA TEMOCHUICPUH U BKIIFOUCHUS KaIbIUS
(Abpamos U. T., 2017; Gokce E., 2018).

OnHako HEKOTOPBIE KUCTHI OKA3bIBAIOTCSI HE BBICTIIAHBI TVIMAIILHBIM ITUTEIUEM, a
CKOpee OKPY>KEHBbI IIHAIIbHBIM PYOIIOM, YTO 3aCTaBJSIET MPEATON0XKUTh, YTO KHUCTHI
BO3HMKAIOT 3a CUET MIIEeMHUYECKHX mporeccoB B ocTpoBkax riauu (Choy W., 2011).
Haxoaku MUKPOCKONIUYECKUX KUCT MPU ayTOICHUU BBI3BAIIU MPEIOI0KEHHE, UTO OoJiee
KPYIHBIE KUCTHI MOTYT BO3HHKaTh, KOrja Oojiee MeJNKUEe KHUCThl ciauBaroTcs (Al-
Holou W. N., 2009).

Teopuil pa3BUTHS KUCT HECKOJIBKO, HO /IO CHX IOP HUKTO TOYHO HE MOXKET
OOBSCHUTh TPUYMHY HMX BO3HHUKHOBEHHUsA. Cpeau BO3MOXXHBIX TMPUYUH BBIIETSIOT
He3apallleHue JTUBEPTUKYJIA ITUITKOBUIHOTO TeJla BO BpeMsl SMOpPHOTEeHE3a, BTOPUUHBIN
XapakTep pa3BUTHUS KUCTHI HA (HOHE JAeTeHEepaIlu, UIIIEMUYECKUX U3MEHEHMH, TTTMCTHON
WHBa3uu, kpopouznusinus (Adpamos U. T., 2017).

Ha ocHoBe reHernyeckoro wuccienoBaHusi, npoBereHHoro B 2021 roamy, Obul
OMpENIeJIEH CHUCOK MyTanuid B 15 reHax, KOTOpble B OCHOBHOM YYacTBYIOT B
AMUTEHETUYECKON PEryysiui pa3BUTHS dMU(U3a, 4TO JaeT MOHUMAHHUE BO3MOXKHOTO
TEHETUYECKOT0 TPOUCXOKIAEHHUS pa3BUThs KUCTHI (Yan Y., 2021).

CtpykTypHas kiaccuukanus KHCTO3HOW TpaHcpopMmanuu smnudusza Obuia
MPEJIOKEHA TPYINOW aBTOPOB HAa OCHOBaHMM 257 MP-uccienoBanuil o pasMepam u
Mopdororun kuct 3mudusa y aereir ot 0 mo 5 mer (Sirin S, 2016). Knaccuduxarus

BKJIIOUMIIAa B ce0s pazaenenue Ha S rpynm: 0 — Kuctel Her, 1 — Enunnynas kucra, 2 —
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MynpTHKHCTO3HAS MIMIIKOBUIHAS kene3za (0e3 yBenuueHus), 3 — MynbTUKHUCTO3HAsS
IIMIITKOBHUIHAS JKelie3a (C yBelaudeHueM 0e3 cMelleHus kpas), 4 — MyJlbTUKHCTO3HAS
HIMIIKOBUAHAS Kene3a (C yBeIMYeHHEeM M cMmelleHueM Kkpas). [lpu stom kaxknas u3
TpymM, Takke ObLIa pa3zesieHa mo pa3Mepam KUCThL: a <5 MM, b 6-9 mm, ¢ >10 mm.

OOBIYHO KHCTO3HAsI JereHepaiusi snuduza uMeeT OECCUMIITOMHOE TEUCHHUE.
Oco0eHHO Tpu HEOOJBIIUX pa3Mepax KUCThI MeHee 10MM, MpU KOTOPBIX HET
BO3JICHCTBUSI Ha OKPY>KAIOIIUE CTPYKTYpPhI, TAKUE, KAaK HAMPUMEP, CAABICHHE KPBIIIU
CPEIHETO MO3ra C pazBUTHEM cuHApoMa llapuHo, a Takke IPU3HAKOB OKKIFO3UOHHOMN
ruapouedanuu. OQHaAKO Takhe MAIMEHThl HEPEIKO MPEAbIBIAIOT KaJIOObl HAa YacThie
TOJIOBHBIE OOJIM, TOITHOTY, TOJOBOKPY>KEHUS, MOBBIIICHHYIO TPEBOXKHOCTb, MPOOIEMBI
CO CHOM M 3achlliaHueM. Tak, Hampumep, B MWIOTHOM uccieaoBanuu DelRosso L. M. u
COaBTOPOB OBLIO MOKA3aHO, YTO JETH C KUCTaMU IIUIIKOBUIHOM KeJIe3bl HA OCHOBAHUU
neTckol mikanel HapymieHuit cHa (SDSC) HaOpanu 3Ha4uTENbHO 00Jiee BBICOKHE OaLIbI
[0 TTOKAa3aTeNsIM YpE3MEPHON COHJIMBOCTH M HApYIICHUN Hayana U MOAJACPKaHUS CHA,
YyeM J[IB€ KOHTPOJIbHbIC TIpynmbl. bamibl B 3TUX ABYX 00JacTAX JOCTOBEPHO
KOPPEIUPOBAIH C pa3MEPOM KUCTBI. ABTOPBI YTBEPKAAIOT, YTO HEKOTOPHIE KUCTHI MOTYT
BBI3BIBATh YBEJIWYEHUE >KEJE3bl, 00YCIOBICHHOE MApEHXUMATO3HBIMU KJIETKaMH. JTH
M3MEHEHHSI CTPYKTYpbl MOTYT BHOCUTH BKJAJ B MPOLECC YBEIWYEHHOW MPOAYKIUU
menatonnHa (DelRosso L. M., 2018).

KD Takke MOryr mpuBOAUTHL K OCTPBIM COCTOSIHUSIM, M Jaxke ¢araabHbIM
nocieacTBusaM. Anoruiekcuss KO onucana B nureparype M HaCUMUTHIBAET HA JAHHBIN
MOMEHT BPEMEHHM OKOJIO IIECTH CJIy4aeB, MPUYEM KakK y B3POCIbIX, TaK U Yy JAeTel. Y
JKEHIIUHBI S56-TU JIET BBISIBICHHOE OCJOXXKHEeHHEe TeueHuss KD xapakTepu3oBanoch
BBIPKEHHOM T'OJIOBHOM 0OJIBIO U PBOTOM, KOTOPOE Y1aJIOCh KYITUPOBATh KOHCEPBATHUBHO.
B Teuenue ganpHelero 15-neTHero HabM0ACHUS pEeLMANBA Mpoliecca He TPOUCXOIUIIO0
(Kim E.,2020).

Hpyroii ciy4daii pa3Butus anoruiekcud KO y BocbMUIETHEN 1€BOUYKH 3aKOHUYHIIOCH
MIPOBEJICHUEM ONEPATUBHOIO BMEIIATEIbCTBA 10 MOBOAY yaaideHus kuctol (Goehner D.,
2020), ogHaKoO peUUIUB Pa3BUTHUS KUCTHI MPOU3OIIIEI yepe3 3 Mecsiia Mocjae Onepanuu.

Rosario Barranco u coaBTopbl onucalivd Kypbe3HbIH Cllydail BHE3AITHON CMEPTH BO BPEMsI


https://pubmed.ncbi.nlm.nih.gov/?term=Barranco+R&cauthor_id=29570483
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MOJIOBOTO ~ aKTa »>KEHIMHbI 45 1ner wu3-3a (darajabHOW KapIuOpecnupaToOpHOil
HEJIOCTATOYHOCTH B PE3YJIbTATE CAABIICHUS CPETHETO MO3Tra U3-3a HEOITYXOJIEBOU KHUCTHI
IIUIITKOBHUIHOM >kene3nl (Barranco R., 2018).

MHoTrHe aBTOPBI MBITAIOTCS OOBSICHUTH TATOTEHE3 HEBPOJIOTHICCKUX TPOSBICHUN
y MAalMeHTOB MpH HAJIWYUM HEOKKJIIO3UpYIOleH KUCThl. Tak, B JuTeparype ObLia
BBIJIBUHYTA TEOPHUS, YTO HEOKKITIO3UPYIOIIUE KUCTBHI MOTYT CAABINBATh ITyOUHHBIE BEHbI
TOJIOBHOTO MO3Ta (BHYTPEHHSIA IIepeOpaibHasi BeHa, BeHa Po3enrans, Bena ["ayiena), 4to
MOXET BBI3bIBATH CUMIITOMBI LIEHTpaJibHOW BeHo3HoM runepteHsun (Eide P. K., 2016;
Milton C. K., 2020). Kpome TOro, KpynHble KHUCTbl HIMIIKOBUJHOW >K€Je3bl 0Oe3
MIPU3HAKOB OKKJIIO3UH, IEMOHCTPUPYIOT CHUYKEHHBIM TOK CIUHHOMO3TOBOW KUJKOCTH
gyepes Bojonporoa Mo3ra (Bezuidenhout A. F., 2018).

Ha ocnHoBanuu o00630pa autepatypbl 0 KD BBISICHEHO, YTO 10 CHUX MOp HE
CYLIECTBYET  IMOJHOCTBIO  ONPEACIICHHBIX  IOKa3aHUM  JJIs  XUPYPruuecKoro
BMEIIATENbCTBA MPU HaMYMU KUCTHI. Kiaccuueckoe mpencraBieHUE HEHPOXUPYPIoOB
FOBOPUT O TOM, YTO OMepalus IOKa3aHa MalMeHTaM, KOTOPbI€ MOMHUMO OOIIMX
CUMIITOMOB B BHJIC€ TOJIOBHBIX O0OJIeH, TOJOBOKPYXXEHUsS, HAPYIIEHUW CHA, HUMEIOT
MPU3HAKU  OKKJIO3UOHHOM  rujapoledainy, TPU3HAKA CHABJICHUS  IUJIACTUHKU
YETBEPOXOJMHUS U 3apETUCTPUPOBAHHBINA MPOJOJIKEHHBIM POCT KUCTHI M0 PE3yJIbTaTaM
MPT. Onnako uccnenoBanue El Damaty A. mokasano, 9To MpoBEJICHHBIC OTICPAIUH 10
AKCTPAKIIMU KUCTHI 43 manuenTaMm 0e3 MpU3HaKOB OKKJIFO3MOHHOW Tuapouedainu namu
MOJIOKUTEINIbHBIA PE3yJIbTaT, B BUAE PA3PEIICHHS] CUMITOMOB U MOBBIIICHHUS] KaueCTBa
JKU3HU Ha ocHOBaHMM Yukarckoi mkossl pe3yiabratoB Kuapu (El Damaty A., 2019).

Eide P.K. u coaBT. B cCBOeM HCCJIEAOBAHUU TMOJIYUYUIIU TE K€ JaHHbBIC, a TAKKe
npeanojaoxkuiau, uro KD mMoxer cmaBnuBath TIIyOOKHE mepeOpasibHbie BEHBI, YTO Yy
HEKOTOPBIX JIFOAECH MOXET BBI3BATh CUHIPOM ILEHTPAJIbHOM BEHO3HOW THUIIEPTECH3UMU.
Heckonbko paboT, OMUCHIBAIOMINX YAAJICHHE HEOKKIo3upyromiein KD, KoHcTaTupyroT
CTOMKOE WCUE3HOBEHHE TMPEIOTNEPANMOHHBIX HECTEeIM(PUISCKUX CHUMITOMOB U
OTCYTCTBHE pEIMMBA B MOCIEONEPALIMOHHOM Tepuojie He MeHee 12 mecsueB y 93%
MalMeHTOB, YTO KOCBEHHO moATBepxkmaer 13Ty Teoputo (Eide P. K., 2017;

Mijovsky M.,2018; Koziarski A., 2019; Pitskhelauri D. 1., 2019; Milton C. K., 2020).
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[IpoTHBOIONIOKHOTO MHEHUS MpUAEPKUBaIOTCA Storey M. W coaBTOpbI, Ha
ocHoBaHMH onbITa 10-1eTHero HabmrOAeHu 3a maruenTamu ¢ KD ObUIO MOKa3aHo, 4To
KHCTa pa3MepoM MeHee 19 MM He TpeOyeT XHpypruyeckoro BMeENIATEIbCTBA.
bonpmacTBo KD ocraBanuch HEM3MEHHBIMM B paMKaX HECKOJIBKHX MPOBEICHHBIX
UCCJIEIOBAHUM MO0 pe3ysbTaTaM MarHUTHO-PE30HAHCHOW TOMOIrpauu, MO3TOMY
pytuHHOE HaOmoaeHue 3a KO He siBnsieTcs He0OXOAMMBIM MPU OTCYTCTBUM HEOOBIYHBIX
PAMOJIOTUYECKUX XApPaKTEPUCTUK WU CBS3aHHBIX KIMHUYECKUX CHUMIITOMOB 10
MHeHuto aBTopoB (Gokce E., 2018; Storey M., 2020; Tanaka T., 2021).

1.5. JlyueBasi AMarHOCTHKA KUCTHI dIIU(puU3a

IIpu npoenenun kommbtoTepHo Tomorpadpun (KT) KO obOnapyxuBarorcs
ciydaitHo. Ha KOMITBIOTEpHBIX TOMOTpaMMax OHU UMEIOT OKPYTIyH (opMy, YETKHE,
POBHBIE KOHTYpPBI M TUIIOJEHCHOE cojiepxkuMoe. B HekoTopsix ciydasx (30%) moxer
ObITh BUJHO THUIEPACHCHOE COJIEP)KMMOE WJIM TMOBBIIICHHAs TUIOTHOCTh CTEHKH,
MPEACTABICHHbIE JUOO TEeMOPPAaru4eCcKUM COJEPKUMBIM, JMOO KajdblupUKaTaMu
(Gaillard F., 2010; Berhouma M., 2015).

[Tpu MPT KD BBITTISAAAT KaKk OKPYTJIbIE WM OBOMIHBIE 00pa30BaHUs C IrIaAKUMU
KpassMd M YE€TKO OYEPUYCHHBIMU KOHTYypaMH, KOTOpPbIC Jyullle BUJIHBI B CaruTTaJbHOU
MJIOCKOCTH.

OnuHOYHas OJJHOKaMEPHAsk KUCTa UMEET IIaJIKUE CTEHKH U COACPIKUT KUAKOCTb,
kotopasi B 90% ciyuaeB uMeeT n3oMHTeHCUBHbIM MP-curnan k nukBopy (Gaillard F.,
2010; Jussila M. P., 2017; Gokce E., 2018), B 10% caydaeB CHUTHaJI M30 WM CJIETKa
TUNIEPUHTEHCUBHBIN, YTO CBSI3aHO C cojepkaHueM Oenka. Takoil Tum Tpedyer
nuddepeHnanIbHON AUArHOCTUKA C ATUMHYHBIMM KHCTO3HBIMU OOpa3OBaHUSIMH,
OMYXOJISIMA 3apOJBIIIEBBIX KJIETOK M MNapeHXMMATO3HBIMU OMYXOJSMH MHHEATbHON
xenesbl (Gheban B. A., 2019; Storey M., 2020).

K3 MoxeTr ObITh OJHOKaMEpHON WJIM MHOTOKaMEpHOUW CTpyKTypoi. Hamwmuwme
BHYTPEHHHUX TEPETOPOJOK MOXKET OBITh TPYAHO OIICHHTH C TMOMOIIBI0 OOBIYHBIX MP-
MOCJIe0BaTEILHOCTEN, HO, KOT/Ia BBITIOIHSIOTCS CTICIIUATU3UPOBAHHBIE TOHKOCPE30BhIC
MOCJIEIOBATEILHOCTH C BBICOKMM pa3pelieHreM, Takue kak TpexmepHas (3D) OpicTpas

MOCJIEIOBATENBHOCTh C HCMOdb30BaHueM cbopa naHHbIX (SSFP/FIESTA) wmu 3D
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UMITYJIBCHAS TIOCTIEI0BATEIbHOCTh, OOHAPYKUBAETCA, YTO OOJIbIIAs YACTh KUCT MOXKET
MMETh OJIHY WJIM HECKOJbKO BHYTpeHHUX neperoposiok (Lacroix-Boudhrioua V., 2011;
Gokce E., 2018).

MP-xapakrepuctukamu THIHYHON KD SBIISIOTCS TONILMHA CTEHKU HE 00Jiee 2 MM,
YETKHE POBHBIE KOHTYPbl BHYTPEHHEN M HAPYKHOM CTEHOK, pABHOMEPHOE HAKOILJICHUE
CTEHKOM KHUCTBl NpPH BBEICHHM KOHTPACTHOTO IIpenapara, a TaKXKe OTCYTCTBHUE
BO3JIeCTBUSI Ha okpyxarmue cTpykTypsl (Lensing F. D.; 2015). K coxanenuto, He
cymectByeT 100% yeTkoro criocoba nudepeHnpoBaTh KUCTHI MMHEATBHOM KeJIe3bl OT
HOBOOOpA30BaHUM, BO3HUKAIOIIMX B HTOM 00JaCTH, TaKUX Kak MUHEOLMTOMBI,
NUHE00JIaCTOMBI, TepMUHOMBI Wiu 3penble Tepatombl (Al-Holou W. N., 2010).
Henepudepuueckoe konTpactHoe ycwienne K03, Hammume y3eIKkoB B CTPYKType
CUMTAETCA AaTUNHWYHBIMU TPOSBICHUAMH U KoppemupyeT ¢ 70%-HOM dYacToTOu
3JI0Ka4€CTBEHHBIX HOBOOOpa3oBanuii (Starke R. M.; 2017).

B Hacrosiiee Bpems (yHKUHMOHaNbHbIE MeToaukun MPT Hamum cBoe mmpokoe
NPUMEHEHUE B KIMHUYECKOW MPAKTHKE JJISl M3YUYEHUsS Pa3IMYHBIX BHJIOB IMMATOJOTUI
TOJIOBHOT'O MO3Tr'a, TAKUX Kak MHU30(peHus, snuiencus, 6one3ns [lapkuHcoHa 1 MHOTUX
npyrux (Yasuda C. L., 2010; Kobayakawa M., 2017; Nemoto K., 2017). B nepByto
ouepeib, B HCCIIEIOBAHUAX UcTob3yeTcss MP-mopdomerpus u dynkunonansuas MPT
IIOKOSI.

MP-Bokcenb-6azupoBanHas mopdomerpus (VBM — voxel-based morphometry)
SBJIIETCS IIMPOKO MCIIONb3YEMbIM METOJOM O0pabOTKH HEUPOBU3yaTU3aLMOHHBIX
UCCJIEI0BAHNM, OCHOBAHHBIM Ha BBICOKON KOHTPACTHOCTH M300paKEHUI MEXIY CEphIM
1 OebIM BEIIECTBOM I'OJIOBHOTO MO3Ta U IepedpocnuHaibHOM KuakocThio (TpydaHos,
I'.E., 2013; Nemoto K., 2017). Ilocne cOopa gaHHBIX IPOBOJAMTCS CETMEHTAIUS OCIOro
U TapuUeiUisiius Ceporo BEHIeCTBA M3 IMPOCTPAHCTBEHHO  HOPMAJIM30BAHHBIX
n300pakeHui. BRIMOMHAIOTCS mapaMeTpruuecKue CTaTUCTUYECKHUE TECThI M0 BOKCEIISM,
KOTOpbIE CPaBHHUBAIOT CIVIaKEHHBIE M300pa)KeHMsI CEporo BEIIecTBa W3 JBYX TPYIIII
(Ashburner J., 2000).

MP-MopdomeTpurs HCTIONB3YETCSI B HAYYHBIX LETSAX I U3y4eHUsI 0COOCHHOCTEN

CTPOEHHUS TOJOBHOTO MO3ra y pa3jIMUHbIX Ipynn HaceleHus. Mmerorcs cooOieHus o



36

TOM, YTO OOIHME XapaKTePUCTUKH MO3ra, TaKue Kak paszmep, ¢hopma, pernoHAIbHBIE
00BEMBI U TOJIOKEHUE CTPYKTYP, PA3TMUYAIOTCS y Pa3HBIX pac M MOMYJSAIHAA M3-3a UX
pa3IMYHBIX (PEHOTUIUYECKHUX, TEHETUYECKUX, IKOJIOTMUYEeCKUX (aKTOpoB U (HaKTOpOB
pazButusa (Chiang M. C., 2012; Bhalerao G. V.,2018). Ha ocHoBe nannbix MP-
MOP(QOMETPUN  YCIOBHO-3/I0POBBIX JIMI[ CO3/Ial0TCS TaK Ha3bIBacMble I11a0JIOHbI
TOJIOBHOT'O MO3Ta JIsl KOHKPETHBIX NOMysiui. Tak, HanpuMep, U3BECTHBI IA0IOHBI JIJIs
maaneHueB (Altaye M.,2008), nmereit (Xie W., 2015) u moxuiaoro HaceleHUs
(Grabner G. R., 2006), a Taoke 115 KOPEHCKOil, KUTAHCKOil 1 sSmoHCKo#t nomyismuii (Lee
J. S., 2005; Quallo M. M., 2010; Liang P., 2015).

Hanusie MP-MoppomeTpun TakkKe HCHOJIB3YIOTCS JUIsl HU3y4eHHs OOBEMOB
smu(ur3a U ero CBS3M C APYTUMH ydacTKaMu roJIOBHOTO Mo3ra. [ pynmoii uccienoparenei
U3 IIEHTpa MOJICKYJSPHOW M KJIETOYHOM Bu3yaim3auuu TerepaHa Obul cO3/[aH aTiiac-
mabsoH »snudu3a Ha OCHOBAaHUU TOCTIPOIECCUHTOBOM 00pabOTKUM TOHKUX T1-
B3BEIICHHBIX M300pakeHuit 152 Monoasix jdrogedt B Bozpacte ot 20 no 35 ner. Otu
JTAHHBIE MOTYT OBITh MCIIOJIb30BAHBI JJI CPABHUTEIHLHOTO aHAJIN3a C IPYTUMH pacaMu U
MOMYJISIUSAMH, YTO TMO3BOJISIET PACHIUPSTH 3HAHUS O (DYHKIIMH, PA3BUTHU U CTPYKTYpE
yesnoBeyeckoro mo3ra (Razavi F., 2021).

Ha ocHoBe MopQoMeTpuyecKux [aHHBIX OBUIM TaKX e CHIeTaHbl BBIBOABI O
JUHEHHOM CHUXEHUM 0ObeMa IIWIIKOBUIHOW >KEeJIe3bl C BO3PACTOM, YTO IMOKA3aJio0
CXOJICTBO ¢ TIpoduieM cTapeHusi OOJBIIMHCTBA JIPYTUX CTPYKTYp TOJIOBHOTO MO3ra
(Sisakhti M., 2022). C uenbto u3y4deHUs CTPYKTYypbl U (GYHKIMK TaOeHybl (saep
AMUTallaMyca), KOTOPhI€ YYaCTBYIOT B II€JIOM PsJie MOBEACHUYECKUX PEaKIUi, BKIHOYas
COH, cTpecc U 00Jib, Takke ObutM ucnosib3oBanbl MP-BBM u MPT (Lawson R. P.,
2013).

Ha ocnoBe pannbix MP-mopdomeTrpun Oblla Takke IOKa3aHa B3aUMOCBS3b
CHIU)KEHHOTO O00BheMa HIUIITKOBUIHOM JKeJie3bl CO CHUKEHHBIM YPOBHEM MEJATOHHWHA U
HAJIMYMEM Y TAIMEHTa PAacCTPOMCTB ayTtuctudeckoro cmekrpa (Maruani A., 2019).
OpmHako JaHHBIX, TOCBAIICHHBIX U3YYEHUIO MOP()OMETPUHU BEIIECTBA TOJIOBHOTO MO3ra y

JIUI] C pa3IMYHBIMU BapUaHTaMU CTpOEHUs dnudu3a, B IUTEpaType HE MPEICTABICHO.
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OyHKITMOHAIBPHAS MarHUTHO-PE30HAHCHAsT TOMOTpadusi mponuia JOJITHH IyTh,
Ha4ynHAas OT n300peTeHus B KoHIlE 20 Beka, /ajee B BUAEC HKCIIEPUMEHTAITLHOTO METOa
U Tepeluia B pa3psll MPaKTUYECKU-TPUKIAAHOTO, KOTOPHIH MO3BOJIIET KapTUPOBATh
GyHKIIMOHATBFHO 3HAYMMBbIE 30HbI ToJIoBHOTO Mo3ra (bemnses, A., 2014; Gore J. C., 2019;
AmnanbeBa, H.I., 2019).

MeToabl KOJIMYECTBEHHON OIEHKH MPOCTPAHCTBEHHON U BPEMEHHOW aKTUBHOCTU
Mo3ra OBICTPO pa3BUBAJIMCh C MOMEHTA MEPBBIX JEMOHCTpauuid Toro, 410 MPT MoxkHO
UCITIOJIb30BATh JIJISl U3MEPEHUS MOAYJISIIMU TKAHEBOT'O KOHTPACTA, 3aBUCAILETO OT YPOBHS
kuciopoaa B kpou (BOLD) (Kwong K. K., 1992). Ognoit u3 Hanbosee 3HAYMMBIX
MIPUKJIATHBIX BO3MOXKHOCTEH SIBISETCS (PYHKITMOHATBPHOE KAPTUPOBAHHUE PEUCBHIX 30H Ha
ATame NpeloNepaliiOHHON MOATOTOBKM y OOJIBHBIX C OIYyXOJSIMUA TOJIOBHOTO MO3ra
(Canmomatuna T. A., 2019).

OynkiuonanbHass MPT nokost (pMPTn) (anra.: Resting state fMRI) nmo3Bosnsier
OILICHUTh CETh MMACCUBHOTO PEKUMa pabOTHI TOJIOBHOTO MO3Ta, KOTOPKIN ObLIT MPEII0KEH
Biswal et al. B 1995 roay (Biswal B., 1995). UcnbityemoMy BO BpeMmsi IPOBEICHUS
uccienoBanusi B ommuue ot crangaptHoro GMPT, korma HE0OOXOAMMO BBITIOHSTH
oTpe/IeICHHBIC 3aaHMs, TIPEAMUCHIBACTCS JICKATh CIIOKOWHO U HU O YeM He IymMaTh. 3a
MOCJICTHUE J[BA JECATUIICTUS OBLIO TMPUHSITO HECKOJbKO METOJOB W TapajurM Jis
WCIIOJIb30BAHUSI U MHTEPIPETAMU JAaHHBIX O KOJIEOAHUSX MO3Ta B COCTOSTHUHM TOKOSI
(Yang J., 2020). B 10 Bpems kak BOLD-koHTpacTHble H300pa)K€HUS SIBIISAIOTCS
KOCBEHHBIMHU MOKa3aTeIsIMU HEUPOHHOW aKTUBHOCTH, ceTu Resting State — fMRI moryT
MPEIOCTABUTh TOJIE3HYI0 WH(POPMAIMI0O O MaKpOCKOIMWYECKONW OpraHU3alMH CHCTEM
HEHPOHHON 00pabOTKH.

OTOT OBICTPO PA3BUBAIONIUICSA THUI HCCIENOBaHUA (DYHKIIMOHAIBHBIX CBSI3EH
BKJIFOYACT B ce0s M3yUYCHHE TPYIIIOBBIX Pa3IMYUil B CTPYKTYPE CETH MO3Ta, CBSI3aHHBIX
C KakuM-uOo 3a00JIeBaHUEM M COCTOSIHUEM, YTO CTajo BO3MOXHBIM Ojarojaps
OTHOCHTEIBFHOM MpocTOoTe cOopa MaHHBIX U3 60mbmux BeI0Oopok (O'Connor E. E., 2019).
Cnenyer oTMETUTh, 4UTO Tpu aHaim3e curHaina Resting State — fMRI uHTepec
MPEACTABISIOT TOJNbKO Kojebanusi B mpomexyTtke 0,01-0,1 T'm, To ecThb TOIBKO

HuszkouactoTHeie (Jletsrun A. 1O., 2004). IlocpeactBom 00paOOTKH MOIYYEHHBIX
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BPEMEHHBIX MOCEA0BATEIILHOCTEN BRIYUCISIIOT KOY(DPHUITUEHT KOPPEITSIHI BPEMEHHBIX
Y YaCTOTHBIX XapaKTEPUCTHK MEXITY BCEMHU UMEIOIIUMUCS BOKCEISIMHU.

C nomoisto Mmetona ¢MPT Ob110 MOKa3aHO U I0KA3aHO HAJIMYUE CETeHl MOKOs,
CpeIy KOTOPBIX BBIJCISAIOT CETh MACCUBHOTO peXUMa paboThl To10BHOTO Mo3ra (DMN),
CETU UCHOJHUTEIBHOTO KOHTPOJIS, CETh BBISBIICHHUS 3HAUUMOCTH, CECHCOMOTOPHAs CETh,
CIIyXOBas Ce€Tb, MEJuajbHas, JaTepaJibHas W 3aTbUIOYHAsi 3pUTEIbHAs CETH,
Mo3keukoBas cetb (bykkuesa T. A., 2019).

Kaxnas u3 cereil BkiItoyaeT B ceOsi 00JacTH KOPbI TOJOBHOIO MO3ra, MEXIY
KOTOPBIMU UMeeTcsl (DYHKIMOHANbHAsA, & HE aHATOMUYECKasi KOHHEKTUBHOCTb. PMPTn
UCIIOJIB3YETCSl B MCCIIEJOBAHUM W3MEHEHHII KOHHEKTMBHOCTH OTIEIBHBIX Y4YaCTKOB
TOJIOBHOTO MO3Ta MPHU PaA3IUYHBIX HEBPOJIOTHYECKUX W TCUXUYECKUX 3a00JICBaAHUSX,
Takux Kak Oone3nb Anbureiimepa (KurtulusDereli A., 2018; Tanaka T., 2021),
mm3odpenust (Milton C. K., 2020), tpaBmbl rosoBHoro Mosra (Koziarski A., 2019), a
Tak)Ke B MpejonepanoHHoM kapTupoBanuu (Majovsky M., 2018; Milton C. K., 2020).

Jlo HacTosIero BpEeMEHU CpaBHUTEIbHBIM aHanu3 JaHHbIX GMPTn y rpymn
3JI0pPOBBIX JTOOPOBOJIBIIEB, Pa3ACICHHBIX HA OCHOBAaHUU MOP(OIOrHUECKOr0 CTPOCHHUS
snu¢usa, npoBeaeH He ObUl. llepcreKTUBHBIM MNPEACTABISETCS H3YYEHUE POJIU U
BIIMSIHUE MOP(OIOrMYECKOro CTPOEHUs 3Mu(du3a Ha KOHHEKTUBHOCTh OTAEIBHBIX 30H
rOJIOBHOIO MO3Ta B COCTaBE PA3JIMYHBIX CETEHl MOKOS, YYUThIBAs “TE€HETUYECKYIO
Teoputo pa3sutus KO.

Takum 00pazom, HECMOTpPsi Ha MHOTOBEKOBYIO HCTOPUIO H3y4deHHUs smnudusa,
OCTAIOTCSl 10 KOHLIA HE PACKPBITBIMU €ro (DyHKIHMH B OopraHu3Me. HakorjaeHHBIN OnbIT
nokaspiBaeT, 4ro KD ABISIOTCS OOCTATOYHO YACTOW CIy4YalHOW HAXOIKOM IpHU
nposeneHnn MPT ronoBHOro mosra kak B3pOCHbIX, TaK U AeTei. YEeTKO OTHECTH 3TO
COCTOSIHUE€ K HOpPME WJIM MAaTOJOTHMU [0 CUX MOp HE YyAaeTcs, KaK U OINpeAesUTh
BO3MOYKHBIE KJIMHUYECKUE KOPPETATHI.

[To nanaeiM KT u MPT snudwu3 npereprneBaeT ¢ BO3pacToM JereHEpaTUBHBIC
U3MEHEHHS, U BO3MOXKHO CBS3aHHOE C 3TUM CHI)KEHHE BBIPAOOTKM MEJATOHHHA M

Pa3BUTHEM JECUHXPOHO30B Y MOKUIBIX. OTKPBITHI HEKOTOPHIE (DAKTOPHI, BIUSIONTUE HA
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YCKOpEHHE JIETeHepaTUBHBIX U3MEHEHM AN (HU3a, TaKhe Kak U30bITOYHOE TOTpeOIeHEe
kode.

PacnipocTpaHeHHOCTh OECCHUMIITOMHBIX KHUCT Y B3pOCIHBIX, KaK I0Ka3alo
uccinenosanne MPT, coctaBisier okono 23%, a UX pa3BUTHE HOCUT 10OPOKaueCTBEHHBIH
xapakrep (Pu Y., 2007). OgHako uccienoBaHUs MOKA3bIBAIOT, YTO JaK€ KMCThl MEHEE
10MM MOryT cTarb BO3MOYKHOM NPUYMHOW Pa3BUTHS OIPENEICHHBIX CHUMITOMOB Y
nanueHTa. Jlo cuX mop He YCTAaHOBJIEHAa POJb HEOKKMo3upyroomux KO B pa3Butuun
TOJIOBHBIX 00Jeil U a)(PEeKTUBHBIX PACCTPOMCTB, OAHAKO HalJeHa KOPpEsus 00beMa
au(ur3a U HAIUYUS KUCTHI C Pa3BUTUEM MHOTUX HEBPOJOTMYECKHX U MCUXUYECKUX
3a00J1eBaHUM.

Jlji moucKka OTBETOB HA MHOTHME OTKPBIThIE BOMPOCHI ObLIO BBINOJIHEHA JaHHAsS
Hay4dHas padoTa C IPUMEHEHUEM JTyUEBBIX, ICUXOJOTMYECKUX U HEUPOTICUXOJIOTUYECKUX

MCTOJHUK, a TAKXKC OMOXUMUYECKUX HCCHCIIOB&HHﬁ.
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['JIABA 2. MATEPUAJIBI U METO/IbI UCCJIEJOBAHU A

2.1. O0masi XapakTepuCcTHKA 00C/1eI0BAHHBIX NMAIIMEHTOB

Paborta BeimosHeHa B peHTreHosiorundeckoM otnenenun OI'BY «HanuonanbHbIl
MEIULIMHCKAM MCCIEAOBATENbCKUM 1EeHTp uM. B.M. bextepeBa» MuHucTepcTBa
3npaBooxpanHenuss P®. B Hacrosmee umccienOBaHHME BKIIOYEHBl  PE3YJIbTAThI
oOcnenoBanust 156 310pOBBIX TOOPOBOJBIEB, MPOXOIAIINX OIMpPEIEICHHBIC STarbl
uccnenoBanus ¢ 2017 r. mo 2022 r. VI3 HUX HE BOIIUIM B OCHOBHYIO BBIOOPKY 7 YEIIOBEK
N0 pa3InyHbIM npuuuHaMm: y 1 mobpoosbia npu npoBeaeHur MPT Obuin HalineHbI
MPU3HAKU TOpa)KeHUs OeNoro BeIIecTBa TOJOBHOIO MO3ra JAEMHUEIMHU3UPYIOIIETO
Xapakrepa, 1 4emoBeK HCKIIOYEH MO UTOTaM ICHXOJOTHMYECKOTO TECTUPOBaHUA, y 1
yesoBeKa ObLIO HAlJIEHO BHYTPUUYEPETHOE BHEMO3roBOEe 00pa3oBaHue (MEHUHTHOMA), 4
YeJIOBeKa MCKIIIOYEHBI M0 TEXHUYECKUM MPUYMHAM. B mepecuere B UTOrOBYIO BEIOOPKY
Bouutu 149 venosek: 62 (41,6%) myxunn u 87 (58,4%) sxeHuuH B Bo3pacte oT 18 10 70
net. Bce n1oOpoBosiblibl ObUTM pa3fesieHbl Ha TPYMNIBI B COOTBETCTBUM C BO3PAacCTOM U

nosioM. Pe3ynbTaTel npeacTaBieHsl H Pucynke 3.
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Pucynok 3 — Pacnpeesienue 310pOBbIX 100pOBOJIbIIEB BO3PACTY
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Kputepusimu BKJIIOUEHHSI B UCCIEIOBAHUS SIBIISUIUCH CJICNYIOIIME MapameTphl:
Bo3pacT oT 18 mo 70 ser, moamucanue JOOPOBOJILHOTO WH(DOPMUPOBAHHOTO COTJIACHS
JUIsL ydacTusi B HCCIIEJOBAHUU, OTCYTCTBHE B aHaMHE3€ JIIOOBIX HEBPOJIOTMUYECKUX U
MCUXWYECKUX 3a00JICBaHUN, OHKOJOTMYECKUX 3a00J€BaHUM, TpaBM TOJOBHOTO U
CIUHHOTO MO3Ta, MHO>KECTBEHHBIX HAPKO30B, OTCYTCTBHUE COMAaTHUYECKUX 3a00JIeBaHUi! B
CTaJuK 000CTPEHUSI.

Kputepusimu HEBKJIIOYEHHUS B MCCIEAOBaHUME CTalM OTKa3 OT MOJMHCAHUS
J0OpPOBOJILHOTO HMH(MOPMUPOBAHHOTO COTJIACHsl, HAJIMYME€ B aHaMHE3€ MOBTOPHBIX
HApPKO30B, TSKEJIOW TMIEPTOHUUECKON OOJIE3HU, TXKEIBIX TPABM T'OJIOBBI, 0OMOPOKOB,
CyJIOpOT, OHKOJIOTHYECKUX 3a00JieBaHui. Takxke BasKHBIM (haKTOPOM SIBJISUIOCH YKa3aHUE
B aHAMHE3€ HA JICUCHHE B MPOILLIOM AHTHUJICTIPECCAHTAMHU, AHTHUKOHBYJIbCAHTAMU U
JPYTUMH TICUXOTPOIHBIMU TpenapaTaMH.

KputepusiMu HCKIIIOUEHUS W3 HCCIEIOBAHMS CTAIM OTKa3 NalUEeHTa OT
JManbHEHIIero ydactus Ha JtoOOM €ro 3Tare, BBISBICHUE MPU SKCIEPUMEHTAIBHO-
MICUXOJIOTUYECKOM  OOCJICIOBAaHMM  JIaHHBIX 33 AaKTyaJIbHYI TICHUXOMATOJIOTHIO
(TpeBOXHOE/IEPECCUBHOE PACCTPONCTBO), MPU3HAKKA OPTaHUYECKOTO MOBPEXKICHUS
TOJIOBHOT'O MO3ra 1o maHusiM MPT.

[Ipu BKIOYEHUH JOOPOBOJBIEB B HCCIEIOBAHUE BBIMOIHUINCH TpeOOBaHUS
MEXIYHAPOJHBIX M OTEUECTBEHHBIX OPraHoB B cdepe OpraHu3alud HayYHBIX
UCCIICIOBAHUM U COOJIIOJIEHUS] ATUYECKUX HOPM: HH(POPMHUPOBAHHOCTH M COTJIacue
oOcreryeMoro Ha MpPOBEJCHHE OO0CJIeAOBaHUS B IIOJHOM OO0beME M oOOecredeHHue
koHpuaeHuuanbHoctn  ([exmnapamuss  BcemupHoit  MemMIIMHCKOW — accolpaiuu
«ITUYECKUE MPUHITUIIBI TPOBEICHUSI HAYYHBIX MEUIIMHCKUX UCCIIEI0BAaHUN C yUacTHEM
yenoBekay ¢ nomnpaBkamu 2000 r., r. XenbcuHky; «lIpaBuna KIMHUYECKOW MPAKTUKU B
Poccuniickont ®enepaunn», yreepxkacHubie [Ipukazom Munszgpasa PO ot 19.06.2003 r.
Ne 266).

UccnenoBanne mpoBEACHO C Pa3pEeIICHUsS JIOKATbHOTO ATUYECKOTO KOMHUTETA
OI'bY «HMUIL ITH um. B. M. bextepeBa» (mpotokos Ne 8 ot 21.07.2020 1.).

2.2. MeToabl HCCIe10BAHUS

HccnenoBanue nanueHTOB ITPOU3BOANITIOCH B HCCKOJIBKO OTAIIOB!:
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1) Coop oOmux MeauKo-aeMorpapuuaeckux CBeICHH 0 T0OPOBOJIBbIAX

2) OneHka cOMaTHYECKOTO U HEBPOJIOTHYECKOIO cTaTyca 100pOBOJIbIIEB

[lanimentam OBUT TPOBENEH COMATHUYECKUH OCMOTp, BKJIIOYAIOUIUN OLIEHKY
ocHOBHBIX BHUTaIbHBIX GyHKmmi (AJl, YCC, YJ). I[IpoBenenrne HEBPOJIOTHYIESCKOTO
OCMOTpa U OlLIEHKAa HEBPOJOTUYECKOTO CTATyCa BBITIOIHSIIACH HEBPOJIOTOM.

3) DKcnepuMEeHTaTbHO-TICUX0JIOTHYECKOe 00CIeI0BaHne

JlanHoe oOcrienoBaHHe TMPOBOJWIOCH JJsi OLEHKH adQexTuBHON cdepsl,
HMOIIMOHAJILHOTO COCTOSIHUSI W JIMYHOCTHBIX XapaKTEPUCTUK HCIBITYeMbIX. bbLIo
UCIIOJIb30BAHO PACHIMPEHHOE aHKETUPOBAHUE B BUJE CAMOOIPOCHHUKOB, BKIIIOYAIOIIEE:
1) aHKeTy JTUYHOCTHBIX XapaKTEPUCTUK, 2) onpocHUK Crnuideprepa (THEB); 3) MHIEKC
obmero (xopomiero) camouyBcTBus/BO3 (Bapuant 1999r.); 4) mkamy COHJIMBOCTH
DnBoprta; 5) rocnuTanbHylo mKany TpeBoru u aenpeccuu (HADS); 6) ncuxonornueckuit
onpocHUK TuaHOCTH «bonbmas narepka» (BigFive).

4) Heliponcuxogoruyeckoe oOcienoBaHue, BKJIIOYAIOLIEE: 1) TECT
WHTEJJIEKTyallbHOrOo mnoTeHnuana (Mogudukamus JI. U. Baccepmana u gap.), 2)
MOAU(PUITUPOBAHHAS nudposas KOpPPEKTYypHas mpoba (MouduKams
JI. Y. Baccepmana), 3) TecT 3puTenbHOro yaep:xkanusi A. bentona, 4) AnneHopykckas
KOTHUTHUBHAS ITKaJa, 5) TECT CIOBECHO-I[BeTOBOM HHTEepdeperiuu CTtpya.

TecT UWHTEIEKTyaJIbHOTO TIOTEHIIMANa B TepepaboTaHHONW MoauduKanuu
npodeccopa JI. U. Baccepmana (Baccepman JI. M., 2018) Obu1 ucmosib30BaH IS
OTIpeJICIICHHs] YPOBHS HEBEPOATHHOTO MHTEIUICKTYAIbHOTO PA3BUTHS UCCIIETYEMBIX.

Tect beHTOHAa TPUMEHSETCS B HCCICAOBAHUSAX TIPHU TOJO3PCHHHM HA HAIWYUE
OpraHWYECKUX TMOBpEXIAEHUA Mo3ra. B nmaHHOM wucciaenoBaHun TecT beHTOHa
UCITIOJIB3YETCSI B KaUeCTBE HEHPOIICUXOJIOTUYECKOT0 MHCTPYMEHTA, HAMPaBICHHOTO HA
M3YYEHUE KPATKOBPEMEHHOMW 3PUTEIBLHON NaMSTH.

MoaudurupoBannas 1udpoBast KOppeKTypHas mpoda, KoTopas ObuTa mpeIIoKeHa
B. H. AwmaryHu, B [JaHHOM HCCIEIOBaHWUM WCIOJB3YeTCd B MepepadOTaHHOU
MOAU(PUKALIMH nabopaTtopuei KITMHUYECKOH TICUXOJIOTUH WHCTUTYTA
uM. B. M. Bextepesa (Baccepman JI. ., 1997). OTa MeTonrKka HampaBjieHa Ha U3yYEHHE

HMHANBUAYAJIbHBIX ocoOeHHOoCTEN ITPOU3BOJIbBHOI'O BHUMAHUS, TAKHUX KaK YCTOﬁQHBOCTL u
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KOHIIEHTpaIUsi, 0COOCHHOCTh TEMIIa JESTEIbHOCTH, «BpadaThIBA€MOCTh» B 3adaHue. B
KayeCTBE OLEHKU CMOTPUTCS MHJEKC YTOMJISIEMOCTH TIO BpPEMEHHU BBINOJHEHUS
METOJMKHA B CEKyHJaX M I0 KOJUYECTBY OLIMOOK — (PYHKIIMOHAJIbHAs aCHUMMETpPHUs
BHUMaHUs, a TaKke ero ociabieHus Mo NpPUYMHE CHIDKEHHS paboTOCTIOCOOHOCTH,
K0JI€0aHUSAX U TPYAHOCTH MPOU3BOJIBHON KOHIIEHTPAIIM BHUMAHUS.

Taxxe Obla Mcnonb30BaHa AJACHOPYKCKash KOTHUTUBHAS ILIKaJIa, PEAJIOKEHHAs
aBTopamu J. Hodges u G. Berrios u BamuausupoBanHas — O. C. Jlepun, A. FO. JlaBpoB u
npyrue (MBanen H. H., 2012). ITo okoHYaHMM METOJIMK HAa aCUMMETPHIO, UCTIBITYEMbIE
nepexoawnu Kk meronuke ApnneHOpykckas KormutuBHas Illkana — Addenbrooke’s
Cognitive Examination — ACE-R (AI). Meroaguka AKII npeanonaraer
KOMIUIEKCHYIO OLIEHKY KOTHUTUBHBIX (PYHKLHH, YTO COOTBETCTBYET MSATHU IIKaJIaM:
BHUMAaHUE, MaMsTh, OETIIOCTh, A3bIK, 3110 — 3puTenbHO-IpoCcTpaHCTBEHHAS QYHKIUS. 3a
Ka)K70€ TPaBUIIbHO BHITIOJHEHHOE 3aJJaHUE CTAaBUIIMCh OalljIbl, IO CyMME KOTOPBIX Jlajee
UM MOACYET M uHTepnperauus. AnneHOpykckas KorHuTuBHas IIKana sBISETCA
3¢ (GEeKTUBHBIM HEHPONICHUXOJIOTHYECKAM CKPUHUHTOBBIM HHCTPYMEHTOM TEPBHUYHOM
JUArHOCTUKHU JIETKUX KOTHUTHUBHBIX HapyIIEHUH B YCIOBHAX OOIIEH METUIIMHCKOU
MPAKTHKH.

Tect Ctpyna, paspaborannsiii Ctpynom J[.P. (Bonsd H. B., 2007), npennasnauen
JUI. TMarHOCTUKU THUOKOCTHM M PUTMAHOCTH KOTHUTUBHOIO KOHTPOJS, IMOKa3aTels
BepOanbHOCTH, ero BBen JI. BpoBepmMan. KOrHUTUBHBIA CTWIb XapakTEepU3yeT
CyOBEKTUBHBIE TPYIHOCTH B CHOco0ax mepepadoTku MHGOPMAIMK B CHUTYallUH
KOTHUTHBHOTO KOH(MJIMKTA: €CIM 3TO THOKUIT KOTHUTUBHBIN KOHTPOJIb, TO 3TO JIETKOCTh
nepexojia OT BepOaNbHBIX (DYHKIMH K CEHCOPHO-TIEPLENTUBHBIM B CHJIy MX BBICOKOM
CTEIICHU aBTOMATHU3alllM, & PUTHAHBINA — TPYAHOCTH B MEPEX0Je OT OJHUX (PyHKUUN K
JIPYTUM B CHJTYy HU3KOW CTETICHH WX aBTOMAaTHU3allUH.

[Tokazarens BepOanpHOCTH B HHTEpIIpeTaliu bposepMana — Mmepa aBToMaTH3auU
NO3HABaTENbHBIX (YHKIMHA. BpicOkMe 3HaueHMsI TOKa3aTels CBUACTEIBCTBYIOT O
npeoOialaHui  CIOBECHOro  crmocoba mepepadoTK  MHPOpMalMU, CEHCOPHO-

HepHeHTHBHBIfI crroco0 COOTBCTCTBYCT HU3KUM I1OKA3aTCJISIM.
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5) UccnenoBanue ypoBHSI METATOHHHA B CIIFOHE MeToI0M DA

B knuHMYeckoil MpakTUKE MalleHTaM C COJUIHBIMU U KHCTO3HO-COJIMIHBIMU
o0pa30BaHUSIMH MK (PU3A BHINOIHIETCS JabopaTopHas JUarHoctuka ais quddepenunn
tumna onyxoyu. CnenupudecKuMu MapKepaMd T€PMHUHOTEHHBIX OIMyXOJICH, a UMEHHO
TePMUHOM U XOPUOKApIIMHOM 3Mudu3a, SBISETCS BBHICOKAsS JKCIPECCUS B CHIBOPOTKE
KPOBU M CIMHHOMO3TOBOM >KMJIKOCTH TaKUX OHKOIPOTEMHOB, KaK aib(a-(peTonpoTent,
0eTa-XOPUOHUYECKUI TOHAJOTPOIIUH YEIOBEKa, JaKTATACTUIPOTeHa3a U IuialleHTapHas
niesioyHas pocdaraza. B cBoro ouepeb, mapeHXMMaTO3HbIE OMYX0JIU ANUdU3a U JpyTrue
THUIIBI SABJISIIOTCS] OTPULIATENIBHBIMU JJIs1 3TUX OHKOoMapkepoB (Favero G., 2021).

VY nmnpencraBieHHOM B JTaHHOM UCCJIEAOBAaHWU BBIOOPKE TMAIMEHTOB OBLIN
BBISIBJICHBI pa3IMYHbIC TUIBI KUCTO3HOM TpaHchopmaiuu snudusa, 6e3 MP-npusznakon
Haauyus  0oOpa3oBaHMM U KakoW-MMOO  crnenudUUecKkod  HEBPOJIOTHYECKOU
cUMITOMATUKU. [1alueHThl, y KOTOPBIX OBLIN BBISBJIECHBI KPYITHbIE MHOTOKAMEPHBIE UITH
OJIHOKaMEpHBIE KHUCTBI, HAXOJATCA TMOJ JUIMTEIbHBIM HaOItoJIeHneM, 0e3 MpPHU3HAKOB
HaJM4usl TPOJIOJKEHHOTO pocTa. [loaToMy manueHTam U3 MpeaCcTaBiICHHOW BBIOOPKH,
pa3lieNICHHBIX MO TUITY KUCTO3HOM JereHepaluy Ha 3 Tpynibl, ObUT IPOU3BEACH aHAIN3
CJIFOHBI Ha MEJIATOHUH C IIEJIbIO0 OMPEICIICHUs] BO3MOXKHOTO BJIUSHUS TUIA KUCTO3HOM
TpaHchopMalii Ha BBIPAOOTKY MenaToHuHa. OmpeneneHne MeJaTOHWHA B CIIOHE
CBA3aHO C PACTYIIUM JUArHOCTUYECKUM TOTCHIIMAJIIOM JTOT0 OHOJOTUYECKOTO
MaTtepualia u MpeuMyIiecTBaMu ero coopa. BeIOOp CitOHBI BMECTO CHIBOPOTKH UM MOYH
MOATBEPKIACTCS HEMHBA3MBHOCTHIO 3a00pa M OTHOCHUTENHHO BBICOKOW MPOCTOTOM
uccnenoBanusi. Kpome Toro, ypoBeHb CIIOHBI OTPAXKaeT CEKPETOPHBIN MPOPUIHL HOUHOTO
put™a menaronnsa (Rzepka-Migut B., 2020).

6) KommiiekcHasi ~MarHUTHO-pE30HAaHCHass ToMorpadusi, C TpPUMEHEHUEM
npulieabHOM mocnenoBareabHocTy SSFP Ha mnuHeanbHyro o001acth, MP-Bokcenb-
0asupoBanHoit Moppomerpun (MP-BBEM) wu wuccnenoBanme  (QyHKIIMOHATBEHOMN
aKTUBHOCTH MO3Ta B COCTOSTHUH TOKO0s (GMPTm).

2.3. Meroauka cOopa aHAIM3a CIIOHBI HA MEJIATOHUH
Jlyist onpenienieHust YpoBHSI MEJIaTOHUHA B OPTaHU3ME MOTYT OBITh MCTIOJIB30BaHbI

Pa3INYHBIC OHOJIOTMYECKHE KNAKOCTU: KPOBb, CJITOHA U JIMKBOP. AHanu3 CIIOHBI — 3TO
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MPOCTOM M HEWHBA3WBHBIM METOJ OINpEAEICHUsS] YPOBHS MENaTOHUHA, MPOBEICHUE
KOTOPOTO HE BBI3BIBAET OCOOCHHOTO TUCKOMGOpTa y HCClleyeMoro. [ 'pyIie manueHToB
13 0011el BEIOOPKU OBLIT MPOBE/ICH TAaHHBIN aHAINU3 B KIMHUYEeCKoM mabopatopuu OI'BY
HMMUI] ncuxuatpuum u HeBposiorun uM. B. M. bextepeBa. I'pynmna cocraBnsna 74
4esioBeKa, UX KOTOpbIX 30 4enoBeK HE MMENHM CTPYKTYPHBIX M3MEHEHUN CTPYKTYpHI
smuduza u 44 yenoseka ObUIM C Pa3IMYHBIMU BUJAAMH KUCTO3HOM TpaHchopmanmu (U3
Hux 18 yenosek ¢ kpymnHoit kuctoi (3 u 4 Grade no knaccudukanuu Sirin S., 2016)).

JUist caadu aHaliM3a UCHBITYEMbIM HEOOXOAMMO ObLIO COOMIOAaTh CIEAYIOIINE
YCIJIOBHSL:

1)3a 3 nHa 1o cObopa CIIOHBI MPEKPATUTH MPUEM MPEenapaTroB, COACPKAIIMX
MenaToHuH: Menakcen, Menapena, [lupkaaus.

2) B ciyyae npuema npOTUBOBOCIIATUTEILHBIX M CHOTBOPHBIX MpenaparoB, OeTa-
0JIOKaTOPOB, aHTHUICTIPECCAHTOB U OJIOKATOPOB KAJBIIMEBBIX KAHAJIOB CJIEYET COOOIIUTH
00 3TOM Bpauy, Ha3HAYMBIIIEMY HUCCIICIOBAaHUE.

3) UccnenoBanne peKOMEHIYETCsl MPOBOAUTH Ha (DOHE €CTECTBEHHOrO IHMKJIA
«COH-00JIPCTBOBAHUEY.

4) 3a CyTKHU U B TE€UEHHE BCEro Meprojia cOopa CIIOHBI UCKIIIOUUTh YIIOTpeOIeHNE
Ko(enHa, aJKoros, SMOIMOHATIBHBIC U (PU3UYECKHE HATPY3KH.

5) 3a onuH yac 10 c6opa CIIIOHBI HE KYPUTh.

6) KennaMm cieayeT MNpOXOAWTh HCCIEAOBaHUE B mepuoi ¢ 7 mo 14 neHb
MEHCTPYaJIbHOIO LIUKJIA.

COop cIIOHBI MPOXOJUIT MPU COOIOJICHUM HECKOJIBKUX YyclioBHMl. Bpemsi cOopa
cimtonbl puxoauiaock Ha 02:00-03:00 yaca Houu. McmbiTyeMbiM HEOOXOAUMO OBLIO
MIPOCHYTHCS MO OYTUIHHUKY, TaK KAaK IMEHHO Ha 3TO BPEeMsI TPUXOUTCS MUK BHIPAOOTKH
MenatoHuHa. [Tocne mpoOyxaeHust He0OX0IMMO OBLIIO TPOMOJIOCKATh POT BOJION U Yepe3
10 MUHYT IPUCTYTIUTH K cOOpY CItoHBL. COOP CITIOHBI PEKOMEHI0BAJIOCHh MMPOBOIUTH TIPH
MIPUTITYIIEHHOM OCBEIIIEHUH, MUHUMAJIbHBIM 00bEMOM HE MeHee | MJI B paHee BhIJJTaHHYIO
CTEpWIBHYIO TPAHCIOPTHYIO MPOOUPKY dYepe3 TpyOouKy, HE Kacasch rybamu camou
npobupku. [locne sToro mpoOupKy HEOOXOaUMO OBUIO 3aBEpHYTH B (DONBTY U Cpazy

MOMECTUTh B MOPO3UJIbHYIO KaMepy XojoauibHuka. HeoOxonmumasi Temmeparypa
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xpanenus -17...-23°C. TpancnopTupoBKy NpoOUPKHU CO CIIOHOW B HAILy Jab0paTopuio
HEOOXOMMO OBUIO OCYHIECTBUTH B 3aMOPOKEHHOM COCTOSIHUU YTPOM, B JE€Hb cOOpa.
TpaHcnopTUpOBKa OCYILIECTBISIACH MAllMEHTaMH B TEpMOcaxX ¢ KyOMKaMu JibJa WM
3aBEpPHYThIE B IMPEIBAPUTEIIBHO 3aMOPOKEHHBIE XJajamnakeTbl. [logoOHBIM 00pazom
coOpaHHble 00pa3ibl B YCIOBUSIX KIMHMYECKOW J1abOpaTopuu MOMEIald B
MOPO3WJIBHYIO Kamepy W 3aMmopaxkuBanu Ha MuHyc 20 rpamycoB. HemocpeacTBeHHO
nepea 1abopaTOpHBIMH HCCIICAOBAHUSIMU OOpa3Ibl OTTAWBAIN, TEPEMEIIMBAIA Ha
BopTekce u 1nentpudyrupopanu 10 mua npu 2000-3000 g va nentpudyre Eppendorf
5702 (I'epmanus) aJist yaaneHust TBepAbIX yacTuil. O0pasiibl UCIOJIb30BAIN OJTHOKPATHO.

Jlist onpeniesieHusl KOJMYECTBA MEJIATOHMHA B CIIOHE MALIMEHTOB MCIOJIb30BAIH
Habop pearentoB pupmbl TECAN Kat. Noe RE 54041 (IlIBefitiapusi), B OCHOBE KOTOPOTO
JICKUT METOJ] KOHKYPEHTHOr0o UMMyHOGepMeHTHOTO aHainu3a. CyTh METO/Ia COCTOUT B
KOHKYPEHIIUU MEX]y OMOTHHWIMPOBAHHBIM M HEOMOTHMHWIIMPOBAHHBIM aHTUTECHOM 3a
OTPAaHUYEHHOE  KOJMYECTBO  CAaWTOB  CBS3bIBAaHUS  aHTUTEN.  KoamdyecTBo
OMOTWJIMHUPOBAHHOTO  AQHTUTEHA,  CBS3aBIIErOCS C  AHTUTENIaMH,  OOpaTHO
MPOTMOPIIMOHANIEHO KOHIICHTPAllMU MeJaToHWHA (aHanuTa) B oOpasie. Korma cucrema
JIOCTUTAET pPaBHOBECHS, CBOOOJHBIA OWOTHHUIMPOBAHHBIA AHTUTCH  YJAJIseTCs
MPOMBIBAHUEM, a KOJUYECTBO OMOTHHUJIMTPOBAHHOTO MEJATOHMHA, CBS3aBIIETOCS C
aHTUTEIIAMH, OIIPEACIISIETCS C KCII0JIb30BAHUEM CTPENTOBUANH-TIEPOKCH1a3bl B KAUECTBE
Mapkepa 1 TMb B kadectBe cyOcTpara. KonuuecTBeHHOE OMpeIesieHHEe HEU3BECTHBIX
KOHIICHTpAIlMil MeJIaTOHWHA B HCCIEAYEeMbIX 00pa3lax JOCTUTAETCS MPU CPABHEHUU
(epMEeHTaTUBHON aKTUBHOCTU 00pa3lOB ¢ KAIMOPOBOYHOM KPUBOM, MOCTPOCHHOU MPHU
MCMOJIb30BaHWU CTaHAAPTOB. B KaXI0W MOCTAHOBKE MCIOIB30BaIN 2 KOHTPOJBHBIX
Marepuaga ¢ HU3KOM M BBICOKOM KOHUEHTpAUMeW MEJIIATOHWHA, M0 KOTOPOU CYyIWIH O
KaueCTBE MPOXOXKACHUS METOUKH. KOHTpOIM BXOIUIIM B COCTaB HAabopa.

Hns  nganHoro WDA-meroma WCHOMB30BAIM — CIEAyIOee 000pyI0BaHUE:
tepmoterikep nmmyHoranmetasid PST HL Plus; Bomep aBromatnyeckuii EL x 50. B
KaueCTBE CYMTHIBAIOIIETO YCTPOMCTBA CIIYKHUJI aBTOMaTUYecKuil (GoTtomMerp s
MuKporuiadimeroB u crpurnoB Biotek ELx800, crmocoOHBIN CYMTHIBATH ONTHYECKYIO

mwioTHOoCcTh mnipu 450 HM (pedepentHas muHa BoHBI 600-650 HM). JlaHHBIC
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oOpalaTpiBasii, MPHUMEHSSI CHEHAIbHYI0 MporpamMmy obcueta JlaOTponuke MDA.
[ToydeHHBIC 3HAUEHWS B TT/MJI TIEPEBOIMIN B cucteMmy Si ¢ kodddummentom 4,3.
JlaHHbIEe IPEJCTABISUIM B €IMHUIIAX TTMOJIb/ L.

2.4. Metoauka npoBeAeHUsI KOMILIEKCHOH MATHMTHO-PE30HAHCHOM TOMOrpaduu

Bcem nobOpoBosbiiam ObuIO  BhIMOIHEHO MP-nccnenoBanue Ha MarHUTHOM
tomorpadge Toshiba ExelartVantage ¢ wmarnutHOM wHaykiuen 1.5 Tecma. MP-
CKaHHPOBAHUE NPOXOJUJIIO B 2 ATAra.

Ha py6exe 2017-2019 r. BeiOOpKa 370pOBBIX JT0OPOBOJIBIEB, cocTosIas u3 101
yejoBeKa, Obula coOpaHa B OOIIYI0 TE€HACPHO-BO3PACTHYIO 0a3y W 3amaTeHTOBaHA
(matent Ne2021621983). B paMkax mepBOro 3tama 3THM JHIAM ObUIO TPOU3BEAECHO
CKaHMpOBaHUE MO MPOTOKOIY, BKItouaromero B ceds: Sg T2, 3D-MPRAGE (3D T1
nocieaoBaTeabHOCTh), GMPT (BOLD-nocnenoBaTenbHOCTh B COCTOSSHUM TIOKOS MPH
BBIKJIIOYEHHOM CBeTe). TexHuuecKue mapameTpbl UMIYJIbCHBIX MOCIEI0BATEIbHOCTEN
npencranieHsl B Tabnuue 1.

Taboamua 1 — Texanyeckne nmapamMeTpbl HMIYJIbCHBIX MOCJIEI0BATEILHOCTE

NmnynecHas | TR TE FoV KomuuectBo | Tommuua | Flip | Bpems
IIOCJIEI0BATE
Cpe30B cpesa
JBHOCTD
Sag T2 4300 | 105 [25.0 20 5.6 90 |1:48
Ax TI1- 12 5 25.6 150 1 20 19:32
MPRAGE
Ax BOLD 3000 [40.0 |25.6 34 4.0 70 19:00
IIpumeuanune: Sag — carurtranbHasg; Ax — akcuanbHasg; T1-MPRAGE -

Magnetization Prepared — Rapid Gradient Echo - 3D umnynbcHast mociaenoBaTeIbHOCTb
C TpeIBapUTEIbHBIM HaMarHMYMBAaHWEM WHBEPCHOHHBIX MMITynbcoB; BOLD — blood
oxygenation level dependent imaging — wu300pakeHHe, 3aBUCHMOE OT YPOBHS
okcureHaru KpoBu; TR — time of repetition — Bpemst moBTopenus; TE — time echo —
Bpems 3x0; FoV — field of view; Flip — yron moBopora ocu mpotoHa Bojopoja Mpu

paarOo9aCTOTHOM UMITYJIBCC.
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Hanee na pyoexe 2020-2021 r. mpoxoauia BTOPOW 3Tarm, B paMKaX HBIHEIIHETO
UCCIIEIOBaHMsI, B KOTOPOM HAa OCHOBAHHH YK€ COOpaHHON Hay4yHOU 0a3bl JaHHBIX ObLIa
7000CIeI0BaHa YacTh MAlMEHTOB 110 HOBOMY pa3pabOTaHHOMY IMpPOTOKONy. Takxke B
HETO BOIILTH HOBBIE JHMIIa ¢ HamnyueM KpynHoit KO (muamerpom 6onee 10mm), koTopas
Obu1a BBIsIBJIEHA HAa paHHUX MP-nccienoBaHusiX WM BBISBIEHHBIE B IIpoLECCE pabOThI
OTJEJICHUs1 Ha aMOynaTopHOM npueme. Beero 48 uenosek.

B HOBBII  pa3pabOTaHHBIA  MPOTOKOJ  BOLLIM  TaKHE€  WMITYJIbCHbBIE
nocienoBatenbHocTu: Sg T2, Ax FLAIR, Ax T2, Ax HEMO, DWI, T1-MPRAGE, fMRI.
HccnenoBanre ObUIO TakKe JOMOJIHEHO BBITOJHEHHEM MPULIETIBHON CaruTTAIbHON
cpenunHoi SSFP UII, yTo mMo3BOJIMIO AETATILHO OLIEHUTH Pa3Mephl U CTPOEHUE AU (r3a
(Tabmuma 2).

Tabamnua 2 — Texanyeckne napaMeTpbl HMIYJIbCHBIX MOCJI€I0BATEILHOCTEH

NmnynecHas | TR TE FoV | KomnyectBo | Tommuua | Flip | Bpems
rocJeI0BaTen
Cpe30B cpes3a
BHOCTh
Sag T2 4300 | 105 | 25.0 20 5.6 90 1:48
Ax T2 HEMO | 857,9 | 25.0 | 24.0 23 5.0 25 2:25
Ax Tl- 12 5 25.6 150 1 20 9:32
MPRAGE
Ax T2 7704,11105.0 | 24.0 36 3.0 90 3:13
Ax FLAIR | 10000 [ 105.0| 25.0 33 4.0 90 4:10
Ax BOLD 3000 | 40.0 | 25.6 34 4.0 70 9:00
Sag SSFP 10,0 5.0 | 225 32 1.0 70 1:49
DWI 5900 | 100.0| 25.0 20 6.0 90 0:36

[Ipumeuanue: Sag — carurranpHas; Ax — akcuanbHas; HEMO — T2*-weighted

gradient echo — mocnenoBaTenbHOCTh TIpagueHTHOro 3xo-curHana; T1-MPRAGE —



49

Magnetization Prepared — Rapid Gradient Echo - 3D umnynbcHast mociaenoBaTeIbHOCTb
C TpeIBapUTEIIbHBIM HaMarHMYMBAaHUEM WHBEPCHOHHBIX uMIyibcoB; FLAIR — fluid
attenuated inversion recover — MOCIEIOBATEILHOCTh HHBEPCHUS-BOCCTAHOBIICHUE C
THHBIM BpemeneM uaBepcun; BOLD — blood oxygenation level dependen timaging —
M300paKeHHE 3aBUCUMOE OT YypoBHsS okcureHauuu KpoBu; SSFP — steady-state free
precession — UMITYJIbCHAS MOCJIEI0BATENLHOCTh BBICOKOTO Pa3pelieHHts], TOCPEICTBOM
cunbHOTO T2-B3BemenHoro 3D rpaguenTHoro 3xa; DWI — diffusion weighted imagine -
nrddy3noHHO-B3BeICHHBIE H300pakeHus; TR — time of repetition — BpeMsi MOBTOpPEHUS;
TE — time echo — Bpems 3xo0; FoV — field of view; Flip — yron moBopota ocu npotoHa
BOJOPO/IA MPHU PAITMOYACTOTHOM UMITYJIBCE.

DWI u mnoctpoeHHble Ha HMX OCHOBE KapThl H3MEpSAEMOro Kod3(pQuiieHTa
pectpukiuu auddy3un (ADC) ObuM BKIIOYEHBI B TPOTOKOJ KakK CTaHJIapTHas
IIOCJIEIOBATEIBHOCTD IIPU HUCCIEAOBAaHUM BEIlleCTBa IOJIOBHOTO mo3ra. Kpome Ttoro, B
paMKax MpOBOAMMOIO HCCIIEA0BaHUs ObuIa MpoBepeHa Teopusi, BeliBUHYyTast P. K. Eide
U CO aBTOpaMHM, OINMCAaHHAs paHee B JIUTEPATypHOM 0030pe, YTO BBISIBJICHHBIE Yy
NOOPOBOJIBLIEB HEOKKIIIO3UPYIOLIUE KHUCThl MOTYT CAABJIMBATh TJIyOMHHBIE BEHBI
rOJIOBHOT'O MO3Ta (BHYTPEHHSA IiepeOpalibHas BeHa, BeHa Po3eHTars, BeHa ["asiena) u kak
CJIEJICTBUE BbI3bIBATh CUMITOMBI LIEHTPAJIbHOW BEHO3HOM TMIEPTEH3UHU, MPOSBICHUEM
KOTOPOTO SIBJIIIOTCS MPU3HAKU MHTEPCTUIIUAIIBHOTO OTEKA TalaMyCOB.

JUist yTOYHEHUSI Hajdu4usl BO3MOXKHOTO MHTEPCTULMAIBHOTO OTeKa Oblia
ucnosnb3oBanbl kKaptel WKJ[ (ADC), mocTpoeHHbIlE Ha OCHOBaHUU H300paKCHUI
muddysun ¢ b-pakropom 0 u 1000. B mpeaBapuTenbHO OINpeaeIeHHBIX 007acTsIX
rOJIOBHOT'O MO3Ta C 00erX CTOPOH onpeaessuin oTHomeHue ADC, KoTopoe mpeACcTaBIseT
coboit otHomeHue ycpeaneHHoro ADC u3 cTaHmapTH3WpPOBaHHOW 00JIacTH WHTEpeca
(ROI), B xauecTtBe KOTOPOro ObUIM BBIOpaHbI TallaMychl, K ycpeaHeHHomy ADC wu3
CTaHJIaPTU3UPOBAHHON 00JIACTH MHTEpECa B LIEHTPAJIbHOM O€JI0M BELIECTBE MOIyIIapus
C Ka710i cTOpoHBI. [[ms1 aToro Ha padoueit craniiuu AW Server kommannu GE Obutn
OTIIEJIbHO TOCUMTaHbl cpeaHuil KorpduumeHt pectpukuuu Aupdy3un Ha ypOBHE
tanamycoB (Thalamus ADC average) u Ha ypOBHE LIEHTPAJIbHBIX OTIEJIOB OEIOro

BemectBa (white matter ADC average) (MAEHTHYHBIE YYaCTKH BBICTaBISUIMCH C



50

nomombio pyuakmuu otpakenus ROI) (Pucynok 4). Ha ocHOBaHMHM COOTHOIIEHUS STUX

nokazareneir (Thalamus ADC average/ white matter ADC average) Obl1 paccuuTan

tagamuueckuid ko3¢ punuent (Talamic ADC Ratio).

Pucynok 4 — IIpumep nsmepenus nokaszareuas Talamic ADC Ratio

[TocnenoBarensHocTh SSFP  Obuta mpuIlebHO BBICTABIIEHA HAa ypPOBEHb
nuHeanbHOM oOnactu. ['maBHbIM mpenmyliectTBeHHOM SSFP sBisercss cnocoOHOCTH
TE€HEPUPOBATh CUJIBHBII CUTHAJI B TKaHAX, KOTOPBIA HMMEET BBICOKOE COOTHOLIEHUE
T2/T1, Hampumep, JHKBOP UM JKUpOBas TKaHb, B TOM 4YHUCJIE€ U KUCTOBHJIHAS
TpaHchopmanus snupuza. C NOMOLIBI0 AAHHOW MOCIEIOBATEIIBHOCTH MOXHO 0OoJjiee
JIETAJIbHO MOKHO PacCMOTPETh CTPYKTYpY 3MH(H3a, cenaTh 601ee TOUHbIE U3MEPEHUs
pa3MepoB KHUCThI, pPAaCCMOTPETh OCOOEHHOCTH €€ CTeHKM. C MOMOIIbI 3TOH
IIOCJIEA0BATEILHOCTH B CATUTTAJIBHOW IUIOCKOCTH U3MEPSUICS NEpeaHE3a HUN pa3Mep
KHCTBI.

Taxxe ObLT pacCUMTaH TIACTUHYATO-BAJIMKO-KUCTO3HBIN Kod(puuueHT (tectum-
splenium-cyst ratio), KOTOPBII SIBJSICTCS COOTHOIICHUEM TOJIIIMHBI KUCTHI M Hanbosee
KOPOTKOM TUCTAHIIMU MEXK Y IUNTACTUHKOW YETBEPOXOJIMUS U BAIMKOM MO30JIMCTOTO TEJa
B UJICHTHUYHOMN CPEIMHHO-CaruTTaIbHOMN MJIOCKOCTH, T.€. 00a 3T PacCTOSHUS U3MEPSIIH

BJIOJIb OJTHOU JINHUU B OJTHOM CpPE3€, KaK MoKa3aHo Ha Pucynke 5.
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Kpome Toro, npu Hannunu KD oneHuBanace CTeneHb KOMIIPECCUU IIACTUHKU
YeTBEPOXOJIMHUSI, KOTOopas ObUla KiacCH(PHUIMpPOBaHA KaK OTCYTCTBHUE, YMEPEHHAs WIIH

3HauMTeNbHag. Taxke Oblia IMPOU3BCACHA OLICHKAa CTCHO3a BOAOIIPOBOJA, KPHUTCPUCM

KOTOpOTO OBLI B34T pa3mep 1.5 MM u MeHee.

Pucynok 5 — Ilpumep usmepenuii y nanuenrta ¢ kpynioi KJ. 1-usmepenue
HIMPHUHBI IPOCBETA BOAONPOBOAA. 2-TOJNIINHA KUCThI, 3- PACCTOSIHHE OT BAJIMKA
MO30JIMCTOr0 TeJIa 10 IJIACTUHKHU 4YeTBepoxomus. Takke BU3yaJIn3upyercs
CIJIA’KEHHOCTh KOHTYPOB TEKTAJIbHOM IVIACTUHKH, YTO CBUAETEILCTBYET B MOJIb3Yy
YMepPEeHHOI KOMIIPecCHu

Ha ocHoBanum paccunTaHHbIX Tamamuueckoro kosg¢uuuenta (Talamic ADC
Ratio) u miacTuHYaTO-BAIMKO-KUCTO3HOTO KO3 duiimenta (tectum-splenium-cyst ratio),
MalueHTaM ¢ pa3IMuHbIMU 10 pazMepaM KD Oblia mpucBoeHa kareropus ot 1 10 4, 4To
OTpaXkaeT CTENEeHb PUCKA IIEHTPATLHON BEHO3HOM TunepTeH3uu (mo kinaccudukaimu P.
K. FEide). Kareropun Ha OCHOBaHMM YHCJOBBIX 3Hauye€HUM KOIDHPUITMEHTOB

npencranieHsl B Tabnuie 3.
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Ta6auua 3 — Crenenb BbIpakeHHOCTH MP-IpHM3HAKOB HEHTPAJIBbHON BEHO3HOM

TUNepTeH3un

Kareropuu MP-mapkepsl HEHTPaIbHOM BEHO3HOU
TUTIEPTCH3UU

Kareropus 1 (Grade 1) Tectum-splenium-cyst ratio< 0.9
Talamic ADC Ratio< 1.01

Kareropus 2 (Grade 2) Tectum-splenium-cyst ratio >0.9
Talamic ADC Ratio< 1.01

Kareropus 3 (Grade 3) Tectum-splenium-cyst ratio< 0.9
Talamic ADC Ratio >1.01

Kareropus 4 (Grade 4) Tectum-splenium-cyst ratio > 0.9
Talamic ADC Ratio >1.01

Ha ocnoBe npoBenenHoro MP-ucciieioBanusi Bce MalueHThl ObUTN pa3iesieHbl Ha
5 Tpynm MO BBISBIEHHBIM CTPYKTYPHBIM HM3MEHEHHUSM Jnudu3za Ha OCHOBE
npemioxkeHHon knaccudukarmu (Sirin S, 2016). Kaxxnomy manueHTy ObI7I0 BBICTABICHO
ycioBHOe 1U(PpoOykBeHHOE 0003HaueHue, B kotopoM nudpa or 0 10 4 obo3Havaa
MOP(OJIOTUYECKHUIM BapuaHT CTPOeHUs dnudu3a (KucTel HeT — 0, emMHuYHas KucTa — 1,
MYJIbTUKMCTO3HAasl IIUMIIKOBUHAs >keine3a (0e3 yBeaudeHus)) — 2, MYJIbTUKUCTO3Has
HIMIIKOBUAHAS JKelie3a (C yBeIMYEHUEM 0e3 CMelleHus Kpas) — 3, MyJbTUKUCTO3HAs
IIMIITKOBUAHAS JKelle3a (C yBEIMYCHHEM M cMelleHueM kpas) — 4), a Oyksa (a, b, ¢)
pa3mepsbl KUcThl — (a (<5 M), b (69 Mm), ¢ (=10 mm). Hanmpumep, 2a, 3¢, 4b u Tak nanee.
[IpuMepbl JaHHBIX U3MEHEHUI TIpeCTaBIeHbI HAa PUcyHKe 6.

[Tokazarenb cmenieHUs Kpasi OIEHUBAJICS B aKCHUAJbHOM IIJIOCKOCTH, Ha
nocnenoarenbHoCcTAX SSFP UII m 3D-MPRAGE. J[laHHbBI KpUTEpUM CUHATAICA

ITOJOXXUTCIIBbHBIM, KOT' 1a KD BbIXO/IWJIA 3a KOHTYPHI KCJIC3bI U BJIaBAJIACh B OKPYXKAIOIICC
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JIMKBOPHOC IIPOCTPAHCTBO, UJIM, KOTAAd KUCTA paciiojaraiachb I1o Hepn(beppm KCJIC3hbI U,
XOTs OBI C OOHOI'0 Kpas KUCTbl HC BU3YyaJIM3UPOBAJIACH IMOJIOCKA TKAHU HIHIHKOBHI[HOﬁ

KCIIC3hI.

r A

PucyHnok 6 — Pa3iimunblie THIIBI CTPOeHHMs KUCTHI dnpu3a no xanusim MPT (A,
Bb,B,I' - SSFP — UI11, [I - TI-MPRAGE). A - Het kuctbl — (0 (maguent H. (AK
Ne28357, 2018), b - Exmnnunast kucra — 1 (manuent K. (AK Ne25673, 2017), B -
MyJabTHKHCTO3HAA IIMIIKOBU/IHAS KeJjie3a (0e3 yBesanvenus) — 2 (mauueHt C. (AK
Ne34522,2021), I' - MyJabTHKHCTO3HAS IINIIKOBU/IHAS JKeJjie3a (¢ yBeJudYeHueM
0e3 cmemenns kpasi)- 3 (manuentka /I, (AK Ne34561, 2021), /I - MyabTUKHCTO3HAS
IIMIIKOBU/IHAS KeJjle3a (C yBeJIM4eHHeM U cMenleHneM kpas) — 4 (manueHtka M.
(AK Ne28369, 2018)
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2.5. MeTtoauka nmocTnpoLecCMHIOBOM 00padOTKHN TaHHBIX MATHUTHO-PE30HAHCHOM
Moppomerpuu

OOpaboTKy NOJYyYEeHHBIX MJAHHBIX Ha OCHOBAHMHU MociiefoBareiabHoctd T1-
MPRAGE (3D T1 mocnemnoBaTelbHOCT) BHIMONHSIN B Tporpamme FreeSurfer v.6.0,
IpeIBapUTEIbHO MPOU3BENs KOHBepTauuioo AaHHbIX U3 gopmata DICOM B ¢dopmar
NIFTI, xoTophbIii TpeaHa3HAYEH JJIs MOCTIIPOIIECCUHOTOBOM 00pab0oTKU UH(POPMAITUH.

FreeSurfer npencrasmsier coGoii HabOp NpPOrpaMMHBIX MAKETOB, KOTOPHIE
MO3BOJISIIOT OLIEHUTH [TOIKOPKOBBIE HEPBHBIE CTPYKTYPBI, @ TAK)KE KOPY TOJIOBHOTO MO3ra
KaK BHYTPEHHEH, TAK M IHAJbHOM MOBEPXHOCTH. Kpome TOro, sta mporpamma JIaer
BO3MOKHOCTbh U3MEPUTH TOJUIMHY KOPbI PAa3IMYHBIX PETUOHOB, TUIONIAAN TOBEPXHOCTH
U 00beMa KOpPBI, @ TAK)KE MPOBECTU CPABHUTEIIbHBINA aHAIN3 MEXKY I'pPyHIaMH.

B ocHOBY napuempoBaHus KOPbl 1 CETMEHTALIMH MOAKOPKOBBIX CTPYKTYP JIETIN
JIBa atTjaca, KOTOpbIe UCTIONB3YyIOTCs B riporpamme FreeSurfer: arnac Desikan-Killiany u
atnac Destrieux, conepxamuii 6osiee menkue pparmentsl. B atnace Desikan-Killiany
U3BWIMHA ONpEIEsSeTCs Kak 00JIaCTh KOpPbl, OrpPAHWMYEHHAs OCHOBAHUSMHU JIBYX
coceqHUX OOpo31, TO €CTh M3BMJIMHA BKIIIOYAET 4YacTb KOPbI, BU3YaIM3UPYEMYIO Ha
NUaJbHOM TOBEPXHOCTM MO3ra BMECT€ C OCHOBAaHUSIMU COCEIHUX O0po3f,
OTPaHUYHUBAIOLIUX 3Ty 00JIACTb.

B atnace Destrieux u3BUinHa BKJIIOYAET TOJIBKO YaCTh KOPBI, BU3YyAIU3UPYEMYIO
Ha MUaJbHON MOBEPXHOCTH MO3Ta. OCHOBAHMS MPUMBIKAIOUIMX 00pO3/]1 K U3BUIMHAM HE
oTHOCATCs. PasHulla Bu3yaln3allMM 1O JAHHBIM DPa3HBIX aTJIacOB NPEJCTaBJI€HAa Ha
Pucynke 7.

[locne mnpenBapuUTenbHON CyOTpakMM KOCTHBIX CTPYKTYp Oblia BBINOJIHEHA
pa3MeTKa UCXOJIHBIX JaHHBIX cOorjacHo npoctpaHcTBy MontrealNeurological Institute —
MNI305. Onenka NpuUHAAJIEKHOCTH TOYEK K O€IOMYy BEIIECTBY MPOU3BOIAMIACH HA
OCHOBAHMH UX PACIHOJIOKEHHUS B 3TOM ITPOCTPAHCTBE, a TAK)KE MHTEHCUBHOCTH CHTHaja
OT 3TUX U COCEAHUX TOYEK.

Janee 3Tv TOUKM ObUTH KJIacCU(UIMPOBaHbI HA O€JI0e BEUIECTBO U CTPYKTYPHI, HE
sBIstolMecs: OenbiM BemlecTBOM. [lociie MonMy4eHHBIX NaHHBIX O OEJIoM BELIECTBE

MPOU3BOJIMIIACH CYOTpaKkiMs €ro o0beMa, Mocje 4Yero Obula MOJydeHa MOBEPXHOCTH



55

KOpBbI, oOpaieHHas k 6enomy BemecTBy. [locnenyroiee yaanenue BOKcenei B MPOESKINH

1epeOpPOCIUHAIBHON JKUIKOCTH TO3BOJISUIO BU3YAIH3UPOBATh MUATBHYIO MOBEPXHOCTD

MoOa3ra.

Pucynok 7 — CpaBuenue atiacoB Desikan-Killiany (ciieBa) u Destrieux(cnpasa). B
atiace Desikan-Killiany u3BHJIMHBI ONIpeAe/IAI0OTCHA KaK 00J1aCTh KOPBI,
OrpaHMYEeHHAs] OCHOBAHMSIMHM JIBYX COCEIHUX 00PO3/1, TO €CTh M3BUJIMHA BKJIIOYAET
4acTh KOPbl, BU3YAJTM3UPYEMYI0 HA MHAJIbHON MOBEPXHOCTH MO3ra BMeCTe C
CHOBAHUSIMH COCEAHMX 00PO3]1, OrPAHUYHMBAIOLIMX 3Ty 00JiacThb. B aTiace
Destrieux. H3BWJINHA BKJIIOYAET TOJbKO YACTh KOPbI, BU3YAJIU3HUPYEMYIO HA
NUAJIbHON MOBEPXHOCTH MO3ra. OCHOBAHUS NPUMBIKAKIIUX 00P03] K U3BUJIMHAM
He OTHOCHATCSH

Takum o0pa3oM OblIa MOJydeHa OObEMHAs MOJENb KOpPbl TOJIOBHOTO MO3Ta,
MO3BOJISIONIAs] TIPOU3BECTH OLIEHKY TOJIIIMHBI KOPBI U IUIOINIAlb TTOBEPXHOCTH B JIFO0OM
Touke. [Ipoliecc cerMeHTaly MOJAKOPKOBBIX CTPYKTYp OBLIT MPOU3BENIEH B HECKOJIBKO
sTanoB: ahguuHas peructpanus ¢ npocrpanctBoM MNI305, nanee HauanbHass 00beMHas
MapKHUPOBKA, BBICOKOPA3MEpPHOE HEIMHEWHOEe OOBEMHOE BBIPABHHUBAHHE IO aTiiacy
MNI305 n okOoHUYaTebHAs MapKUPOBKA.

[Tomy4yeHHBIE TaHHBIC, 3aBEPIIAIOIINE ATAIBI TIAPIICISIINN U CETMEHTAITUH, ObLIN
OCHOBAaHbl Ha JIaHHBIX TPEJCTaBIEHHBIX ariacoB. Kaxmplii pa3paboTaHHBIN aTiiac

COCTOUT M3 ATAJTOHHBLIX 3HAYCHUU JJIsA K&)K)IOﬁ TOYKH, KOTOPBIC OBLIM OTHECEHBI K
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OenmoMmy, cepoMy BELIECTBY WM LEPEOPOCTIMHATIBHONW >KUIKOCTH, OCHOBAaHHBIE Ha
pacyere TpeX THUIOB BEPOATHOCTEH. 3aBepLIAlONIMM 3TallOM CTaJIO CO3/JaHHE KapT
TOJIILMHBI, 00b€Ma U KPUBU3HBI, KOTOPhIE HEOOXOIMMBI JJIsl aHAIN3a [IOBEPXHOCTU KOPBHI.

UToOBl TPOU3BECTH TPYIIIOBON aHAIN3, JAHHBIC TTOMEIIAIMCh B €IUHBINH HA0Op
JTAHHBIX ¥ TIEPECUUTHIBATIUCH B ATAJOHHBIN 11a0JI0OH, YTOOBI JAHHBIE KaXJIOTO CyObhEeKTa
MMEJIA OJUHAKOBBIE TapaMeETPHI.

JUiss moWcKa KJIAacTepOB KOPPEJSIMU MEXAY TpYIIaMH CpaBHEHUs Obuia
npuMeHeHa 0000IeHHas TuHelHHas Mojelb. [lonpaBky Ha MHOKECTBEHHYIO MPOBEPKY
TUITOTE3 BBIMOJIHSIIN IIPYU IIOMOIIY KOPPEKIHUH KIIACTEPOB € Ucnonab3oBanueM p=0.05 s
kiactepoB, p=0.001 mist mopora BepIIUH.

2.6. MeToauka 00padoTku naHHbIX QyHKuMoHAJAbHOH MPT nokos

OcHoBy ¢ysknuonansHoit MPT noxkost coctaBnssier BOLD- nocnieoBatenbHOCTD,
KOTOpasi OCHOBAaHa Ha pa3HULE MO3rOBOTO KPOBOTOKA B PAa3JIMUHBIX PETHOHAX FOJIOBHOTO
MO3ra JUIs ONpPEACNICHHs €ro akTHBHOCTH. B OTBET Ha aKkTHUBALMIO ONPEIEIECHHOIO
ydacTKa KOpbI TOJOBHOIO MO3ra BO (PpPaKIuu KPOBH JIOKAJIBHO PaCHOJIOKEHHBIX
KalWUIApOB TPOUCXOAUT TMAJCHHE YPOBHSA OKCUT€HHMPOBAHHOIO TIEMOIVIOOMHA U
MOBBIIICHUE YPOBHA YIJIEKHUCIIOro ra3a u je3okcuremorioouna. Ha ¢pyHnamMmentanbHoi
pa3HUIE TapaMarHUTHBIX CBOMCTB OKCH- M J€30KCHTeMoryioomHa ocHoBana BOLD-
NOCJIEIOBATEIBHOCTb.

Hannsie pMPTn Mexay IByMs HCCIEyeMbIMU Tpynnamu Oblid 00paboTaHbl B
nporpamme CONN-TOOLBOX - kpoccrinaThopMEHHOTO TPOrpaMMHOTO 00eCTieYeHUs
Ha ocHoBe Matlab, mpegnasHaueHHOTO mJi1 OOpaOOTKH, OTOOpaKEHUS W aHaIM3a
byHKUHOHANBHBIX cBA3ed B coctosHud 1okos. CONN-TOOLBOX Bkitouaer
MHOKECTBO HMHCTPYMEHTOB [UIsl aHanu3a (yHKIUMOHAJIBHOW CBSI3aHHOCTH: aHalu3
KOppesiliuid Ha OCHOBe HadalbHbIX 3HaueHuid (SBC), anHanu3 (QyHKIMOHATBHON
cBszanHocTH obOmnacteit mHTepeca (ROI-to-ROI), rpynmoBoil aHanm3 HE3aBUCUMBIX
komrioHeHTOB (ICA), ananmu3 auHamuyeckux KomrmoHeHTOB (dyn-ICA), awnamu3
0000111eHHOT0 ncuxodusnonornyeckoro zaumozeiictsus (GPPL), ananus BHyTpeHHE N
cBsa3aHHOCTH  (IC), KOMIUIEKCHBIII HMHCTPYMEHT KOPPEKIMU JBUTATEIbHBIX U

¢dbusznonornyeckux apredaktoB (CompCor) u napyrue. B Hamelt pabote ObuUH
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WCITOJIb30BaHbl 2 MHCTPYMEHTA: aHAJIN3 KOPPESLUMKA Ha OCHOBE HAYaJbHBIX 3HAYEHUI
(SBC) u aHanu3 (QyHKIMOHAIBHOW CBSI3aHHOCTH 3apaHee BBIOpAHHBIX oOOJacTen
untepeca (ROI-to-ROI).

[IpenBapuTenbHbIi 3Tan 00pabOTKH JAHHBIX BKJIIOYAN B ce0s HECKOJIBKO ATAIOB:
UMIIOPT H300pakeHUl B TporpamMmy, ¢ yKazaHueM BpemeHu mnoBTopeHus BOLD-
CUTHAJIA, yJaJeHUE HEeXKeNaTeIbHbIX IIYMOB U MOTCHIIMAIIBHO UCKaXKaIOIMUX 3P (HEKTOB
OT JBWXEHUS, JbIXaHWS, CEpALEOMEeHHs] W IyJbcaluu JukBopa. llociie mpoBeneHus
MpeIBapUTENbHBIX ATAloB 00pabOTKM ObLTa MpOM3BEJEHA OllIEHKA (PYHKIIMOHAIBHBIX
CBA3€H TOJIOBHOIO MO3Ta M CPaBHEHHME OCHOBHOW M KOHTPOJIBHOW TIpyII. AHAJINA3
KOppeJsilMiA Ha OCHOBE HAuyaJbHBIX 3HAYEHUW TMPOBOAWIM C CO3JaHUEM KapT
cBsi3aHHOCTH (SBS), kKoTOpble HArisAgHO JEMOHCTPUPYIOT YPOBEHb (YHKIMOHAJIBHOU
CBA3aHHOCTH MEKJ1y TOUKOM B MO3TY M KaKJIBIM BOKCEJNIEM BO BpeMeHHOM psny BOLD n
BBIUMCISUIM  KakK IpeoOpa3oBaHHble 1o Dumiepy JaByMepHble KO3((OULIHUEHTHI
KOPPEJSILIAA MEXKY STUMH BOKCEIISIMH.

ITokazarenu QyHkMOHaNBbHON cBsi3HOCTU oOOsacTeit uHTepeca (ROI-to-ROI)
XapaKkTepu3yeT B3aUMOCBSI3b MEXKIY BCEMH IapaMu o0OyiacTeil MHTepeca B 3apaHee
OIpEETIeHHOM Habope peruoHoB. OnpeneneHue 3TUX MoKa3aTeneil COOTBETCTBYET TOM
YK€ OpraHU3ali{ U CBOMCTBAM, 4TO U Y MEP CBSI3HOCTH HA OCHOBE HAYaJIbHBIX 3HAYCHUH,
HO Mo3BoJisieT n3bexkarh acummMerpuu SBC Mexny HadanbHbiMu 3HaueHusiMu (ROI) u
LEJIEBbBIMU BOKCEJISIMH. MaTpHIlbl CBSI3HOCTU OTPaXarOT YPOBEHb (DYHKIIMOHAIBLHON
CBSI3M MEXJy KaXKJI0¥ mapoit o0acTeil HHTepeca.

JIist mpoBeieHHsI MEXTPYNIOBOTO aHaIM3a PE3YJbTATOB BCEX METOAMK aHaIU3a
(yHKUHMOHATIBHBIX CBSA3€H MNpUMEHsUIach OOOOIIeHHas JiMHeWHass Mozenb. s
UCKITI0YeHUSI 3 (HeKTa MHOKECTBEHHBIX CPAaBHEHUI MTPOBOAMIIACH KOPPEKIUS KIIaCTEPOB
¢ p <0.05 nis xknacrepa u p <0.001 gs Bokcens.

2.7. CraTucTu4eckuii aHaIu3

CrarucTryeckuii  aHalnM3  JAHHBIX  NPOBOAMWIICA C  HMCIOJIb30BAaHUEM
cratuctruaeckoro nakera IBM SPSS Statistics v.19.

JUisi cpaBHEHMs CpE€OHUX B JBYX Ipynmax B CIy4asX HOPMaJIbHOCTH

pacrpeiesieHrs BHIOOPOK UCIOIb30BaIcs KpuTepuid CThIOJIEHTa, B IPOTUBHOM CJIy4yae —



58

kpurepuii ManHa-Yutau. HopManbHOCTH pacnpeneneHHus yYCTaHABIMBAJIACH IO
kpurepuro Llanupo-Ynika.

[Ipu cpaBHEHHMH cpeaHUX B TPEX TPYINNaxX MNPUMEHSIICS OJHO(PAKTOPHBIA WU
IBYX(aKTOPHBIN AUCIIEPCUOHHBIN aHAU3, OJHOPOJAHOCTh JAUCIIEPCHI MPOBEPSIACH TIO
kputeputo JIuBeHa. B ciydasx OTHOPOJIHOCTH AUCIIEPCUM UCTIOJIB30BAINCH F-Kputepui
Y KPUTEPUIL MHOKECTBEHHOT'O CpaBHEHHUS ThIOKH.

B cnyyasx HEOTHOPOJHOCTH JHUCHEPCUM, IPU YCIOBUU PAaBEHCTBA YMCIECHHOCTH
IPYIII, WCIOJb30BAaHbl KPUTEPUNA Y3II4a U MHOXKECTBEHHOE CPAaBHEHHE MO KPUTEPHIO
TamxelHa, €CJIM K€ W YACIICHHOCTH TPy HE COBIIAIANIN, a TAKXKE JUIS aHAJIU3a MEAUAH
PaHrOBBIX MPU3HAKOB, NMpUMEHsUICS Kputepuh Kpackena-Yomnuca, ¢ mocienyronmm
npuUMeHEeHueM Kputepus ManHa-YUTHH ¢ nonpaBkoi boneppoHu a1 cpaBHEHUS map
KJIACCOB.

J171st cpaBHEHMSI BBIOOPOYHBIX YAaCTOT B TPYMIaxX UCIOJIb30BaCs z-kputepuid. [1pu
YHCJIe CPAaBHUBAEMBIX TPy OoJjiee IBYX, TaK ke MpUMEHsIach nonpaska boudepponu.

[Ipu ananm3e CBSI3U UCIOIB30BAICS KO3PhUIIMEHT Koppensauuu CrnupMeHa, Tak
KaK pacupeieseHus] IPU3HAKOB HE SBJSNINCh HOPMAJIbHBIMU.

OCHOBHBIMHU UHCTPYMEHTAMU CTaTUCTUYECKOTO aHanusa
HEHPOBU3YAIM3AIMOHHBIX  HMCCJIEOBAHUNW OBUIM TMaKeThl CHEIUATU3UPOBAHHOTO
nporpammHuoro odecniedenus: FreeSurfer u CONN-TOOLBOX.

B nporpamme FreeSurfer, mocie noaroToBku JaHHBIX JUIsl TPYNIIOBOTO aHAIU3A,
BCE€ UHJIMBUyaJIbHbIE CTPYKTYpPHBIE KapThl JOOPOBOJIBbLIEB OOBEAUHSIIOTCS B OIUH HA0Op
JAHHBIX, HAKJIAAbIBasACh JApyr Ha JApyra ciosamu. Jlamee coOpaHHbIE JTaHHBIE
NepeUCKPETU3NPYIOTCS B 11abnoH fsavarage, KOTOpBIM HAXOAMTCS B MPOCTPAHCTBE
MNI. Jlanee c moMoIIpI0 TPOrpaMMbl IPUMEHSIETCST 00111ast JIMHEHHAsT MOJIEIb, KOTOpast
B aBTOMATHYECKOM pEXUME BBIJAET pe3yJbTaT B BUAEC H300paKEHUU, Ha KOTOPBIX
OTMEYeHa KapTa p-3HauyeHHUI Ha MOJIeIM TOJIOBHOTO Mo3ra. Jlanee, uToObl yOeAUTHCS, 4TO
pe3yNbTaThl HE SBISIOTCS JIOKHOIOJIOXKHUTEIbHBIMHA, ObLJIa HCIOJB30BaHa (opma

KOPPECKIHNHN MHOKXCCTBCHHBIX BHB,I'IGHI/II\/'I, HN3BCCTHAA KaK KJIaCTCpHAA KOPPCKIMA.
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Anamu3 B CONN-TOOLBOX mno3BosisieT nenaTh BBIBOABI O CBOMCTBax Ipymil,
000011as pe3yapTaThl HAOIIOACHUI CYOBEKTOB B HMCCIEAOBAHUHU, MCIOJB3YS OOIIYIO
JIMHENHYIO MOJIEIIb.

OOmast nuHEHHash MOJENb ONpeAeseT MHOTOMEPHYIO JTMHEHHYIO CBSI3b MEXKIY
HabopoM OO BSICHSIOITNX/HE3aBUCUMBIX nokasaresuen X u HabopoM
pe3yJbTaTOB/3aBUCUMBIX TOKa3areneld Y. B kontekcre MP-ananuza (yHKIIMOHATIBLHOMN
CBSI3HOCTH TEpEMEHHasl pe3ysbTaTa y [n] 0ObIYHO MpUHKUMAET POpPMY BEKTOPa-CTPOKH,
KOAMPYIOIIETO 3HaYeHUs (PyHKLIMOHAIBHOM CBA3HOCTH, 3allICAHHBIE Y N-T0 CyOBEKTa B
UCCJIEIOBAHMM B OJHOM WJIM HECKOJBKHX JKCIIEPUMEHTAJIbHBIX YCIOBUSX, U
oOBsCHAIONIAs MepeMeHHas X [n] OylneT BEeKTOPOM-CTPOKOW, KOIUPYIOIIEH OAHY WU
HECKOJIBKO TPYIIOBBIX, MOBEACHUECKUX WM JEMOTpapUUEcKUX IEPEeMEHHbIX MJis
OJIHOTO U TOTO K€ CyOBheKTa.

MeToabl CTaTUCTUYECKOTO aHAIM3a Ha YPOBHE KJIACTEPOB MOXHO pa3/IeiuTh Ha
nBe OOJIbLIME TPYIIBL: aHAJIW3 Ha OCHOBE BOKCEJNIEH M aHAJIU3 HAa OCHOBE BBHIOOpA 30HBI
untepeca (ROI-to-ROI). Ananu3 @yukuumonanbHoi aktuBamuu (GMPT wumm xapr
CBSI3HOCTH JAET €AUHYIO CTATUCTUYECKYIO IaPAMETPUUECKYIO KAPTy C OJHUM 3HAYECHUEM
T nmm F o kaXaoro BOKCENE Ha ATOM KapTe, XapaKTepU3YHOUIUM HHTEPECYHOLIUN

s dexT (Hampumep, pa3HUILY B CBI3HOCTU MEXKIY JBYMS IPyIIIaMiu) B KaKJIOM MECTE.
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I'JTIABA 3. PE3VJIbTATBI UCCJIIEJJOBAHUA

3.1. Pe3yabTaTbl KOMIUIEKCHOH MATHUTHO-PE30HAHCHOM TOMOrpadun
3.1.1 CranagaptHoe MP-uccienopanue
149 noGposonbiieB nponutn ctangaptHoe MPT uccnenoBanue. Y 70 u3 Hux

samudu3 umen oosryHoe crpoenue (Pucynok 8). Cpegnss TonmmHa >nudu3a cocTaBuIa

4,131£0,23 mm.

Pucynok 8 — MP-u300paxenue naunenra K. (AK Ne 32556, 2020), T2-BU, B
CArMTTAJBbHON MJIOCKOCTH C HOPMAJIBHBIM CTPOCHUEM M (u3a (YKa3aH CTPEJIKOil)

VY 79 — BeIsIBNIEHA KUCTO3HAS TpaHchopmalus pa3uaHoro xapakrepa (PucyHok 9).

B rpymne ¢ kucroii menee 10Mm TommuHa smupu3a coctaBuna 4,7110,33mmM, a ¢

KpYIHBIMU KucTtami - 8,1942.07 mm.
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: 0.55 (coi) i , e Ex:Oct 17 1

SD/FIESTA-C

Pucynok 9 - MP-u3o0paxkenus nanuenrta /I., (AK Ne 34557, 2021), SSFP-UIIL, B
CArMTTAJbHON MJI0CKOCTH ¢ KucToi MmeHee 10mMm (A) m manuenTa L., (AK Ne
34876, 2021), SSFP-UII, B caruTrajJbHOM ILIOCKOCTHU ¢ KUCTOM 00J1ee 10mm (B)
(YKa3aHbI CTPeJIKaAMM)
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Ha ocHoBe panee mpencraBinennoi kinaccudukaruu (Sirin S, 2016), Bce manueHTs 10
JAHHBIM CTaHmapTHOTO MP-ncciaenoBanwms ObUTH pa3IesieHbl Ha 5 TPYII B 3aBUCUMOCTH
OT CTPYKTYPHBIX U3MeHeHuM snudu3za (Tabauna 4).

Taoauna 4 — Pacnipeesienne NanueHTOB M0 CTPYKTYPHBLIM U3MEHEHUAM dNupu3a

CtpyKTypHBIE
M3MEHEHHUS a (<5 m)
anudu3a

b (6-9 ST Yucno Pacnpenenenue no
MM) MAIMCHTOB OJTy, eIl

M- 33

Kucrtsl Het - 0 - - - 70 (47%) - 37

Ennanunas o 0) i -
KHcTa - 1 24 (16,1%) (1,4%) 0 26 (17,5%)

MynbTUKUCTO3H

ast
1 M- 12
0 o
mumkoBuaHas |25 (16,7%) (0.68%) 0 26 (17,5%) x - 14
Kenesa (0e3

YBEIUYEHHUS) - 2

MynbTUKUCTO3H
ast
IITUIITKOBUHAS
xKenesa (¢
YBEIIMYEHUEM
0e3 cMereHus
Kpas) - 3

2 (1,3%) |3(2%) |4 (2,68%)| 9 (6%)

MynbTUKUCTO3H
ast
IIUIIKOBUAHAS

xKenesa (c 0 6 (4%) | 12 (8%) | 18 (12%)
YBEIIMYEHNUEM U
CMEILEHUEM
Kpas) - 4

N3 Tabmuipl 4 ciieqyeT, 4To BCe 00CIeI0BaHHbBIE TOOPOBOJIBIIBI MO pe3yJbTaTaM
MPT pazpenunucek Ha 2 npuMepHO paBHble rpynnsl: 70 (47%) yenoBek 06€3 NMPU3HAKOB

MOP(OJOTUYECKUX U3MEHEHHI CTPYKTYpHI antuduza u 79 (53%) ¢ HanuuueM pa3audaHbIX
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BapHAHTOB KHUCTO3HOW TpaHcgopmaiuu, u3 Kotopbix 26 (17,5%) umenu eTuHUYHYIO
KHCTY B CTPYKTYpE MU (]u3a, CTOIBKO K€ MYyJIbTHKUCTO3HYIO IINITKOBUAHYIO JKee3y 06e3
MPU3HAKOB ee yBennueHus. 9 (6%) yenoBek uMeau MyJIbTUKUCTO3HYIO HIMIIKOBUIHYIO
XKene3y ¢ MpU3HAKaMH YBEJIMYCHHS €€ pa3MepoB W 0e3 cMmemeHus kpas u 18 (12%)
YeJIOBEK MYJIbTUKHUCTO3HYIO HIMIIKOBUIHYIO KeJe3y C MpU3HAKaMU YBEJIMYEHHUS e€e
pa3MepoB U CMELICHUEM Kpasi.

[Ipu npoBeneHnn ABYX(AKTOPHOTO JUCIEPCHOHHOTO aHalu3a OTMEYaeTcs
CTaTUCTUYECKHU 3HAYMMas pa3HUIIA [0 CPEAHEMY BO3PACTY MEXIy JuiiamMu 0e3 KUCThI (0)
Y MYJIbTUKHACTO3HOM HIUIIKOBUHOM 5KeJIe301 C MPU3HAKAMHU €€ YBEJIIMYEHUS U CMELICHUS
kpast (4) (p=0,042).

JIuiia U3 mocieqHe rpymnmbl ObUIM MOJIOKE — HMX CPEJHHUI BO3pacT COCTaBUII
334+3.4 ronma, B cpaBHeHHM C nepBod — 45+1,7 roma. B rpynne ¢ MynbTUKUCTO3HOU
HIMIIKOBUTHOM JK€JI€301 C yBEIMUEHUEM U 0€3 cMeleHus Kpast (3) cpelHuil Bo3pacT ObL1
TaK)Ke JOCTATOYHO MOoJoAoN 33+55er, 0lHAKO 3a CYET MaJIoro KOJIMYECTBA YEJIOBEK B
Tpynre CTaTUCTUYECKU 3HAYUMOTO PA3IUYHs C IPYTUMH TPYMIIAMU BBISBICHO HE OBLIO
(Tabmuma 5).

Binusinue mosia Ha TUN KUCTHI Tak»Ke BbIsIBIeHO He Obuio (p=0,840), a Takke
COUYETaHME MPU3HAKOB 110J1a ¥ BApHUaHTa KUCThI HE BBISIBUIIO BIMSIHUS Ha CPEIHHM BO3pacT
(p=0,838).

Tadoauna 5 — CpaBHeHHe TPyNI O CPeAHEMY BO3PACTy

Tum kucTe Cpennuit BO3pacT B Ipynie, p-3HAYCHHE
M=+m

0 M - 45+13,1; % - 45+16,2; poa= 0,042
obm45+1,7 B ocranbHbIX rpynmax

1 M - 33+11,8; x - 37+14,3; p>0,05
o0 35+3,2

2 M - 40+13,3; 5 - 43+16,1;
o0m42+2,8
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M - 37+27; % - 30+£10,3;
0o0m33+5

M - 32+12; x - 36+£10;
o6m33+3.4

JlomomHUTENBHO ObUTM OOCHENOBaHbI juma ¢ KpymHoi KO 6onee 10 MM mo
MPOTOKOJNy, BKIIOYaBmeMy Takke SSFP HMII B caruTTrajbHOM TUIOCKOCTH ISt
NPUICIBHOTO  YTOYHCGHHMS ~ XapakTepa  CTPYKTYPHBIX  HW3MEHEHWU  snudwusa.

[TpeumymecTBa n3o00paxeHusi, moidydeHnbie ¢ momorisio SSFP U, npencrasnens Ha

Pucynxe 10.

Pucynok 10 — MP-u300paxeHnusi roioBHOro mosra. CpaBHenue aApyxmepHoii T2-
HII B caruTTaibHOI IJI0CKOCTH (A) M TPEeXMEPHOM UMILYJIbCHOM
nociaenoBarejbHocTH SSFP-UII B carutranbHoi 1 akcuanabHoil miiockoctu (b, B)
y oaHoro u Toro ;e nauuenra I'., (AK Ne34748, 2021). Ha uzoopaxenun (A) kucra
NMPeACTABJISAETCH OJHOKAMEPHOIi, 0[ITHAKO HA TPeXMepHoii nocjenoBareabHocTu (b,
B) K9 oka3biBaeTcsi MHOTOKaMepPHOM U 00Jb1IMX pa3MepoB. Coaep:kumMoe OaHOM
KaMepbl MMeeT HECKOJIbKO CHUKeHHbIN MP-cUMrHaJI, 4YTO rOBOPUT O NOBBIIIEHHOM
coaepkanum Oeika. J[aHHYI0 MHOTOKAMEPHYI0 KHCTY MOKHO OTHECTH K
aTUNMYHOH. OnucaHHbIe U3MEHEHUsI YKa3aHbI CTPeJIKAMHU

[Tpu 5TOM y 8 uccnenyeMbIX NepBOHAYAIbHAS TPAKTOBKA U3MEHEHUN «OJMHOYHAS

KHCTa arm(bma» Obl1a 3aMeHeHa Ha MYJIBbTUKUCTO3HBIC U3MCHCHUA.
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Taxxe ObUT JAOMOJHUTENBHO OLICHEH KPUTEPHUH CMEIICHUs Kpas MpU KpyHmHOU

kucre (Pucynox 11).

b

Pucynok 11 — MP-u3o0paxenusi roioHoro mosra, SSFP-UII, akcnanbHas
IVIOCKOCTh. BapuaHThl KMCTO3HOM TPaHchopManuu 0e3 CMeleH!sl Kpas y
nanuenta JI. (AK Ne32234, 2020) (A) u co cmemenueM kpasi y nanuenra A. (AK
Ne32256, 2020) (b) (yka3aHbI CTPeEJIKAMM)
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B nanpHelieM, OpueHTHUPYSICh HAa W3MEHEHHS], BBISBICHHBIE MPHU MPUILETbHOM
nccienosannu Ha ocHoBaHuu SSFP UII, DWI-UII Onim B34TH JaHHBIE 48 YenoBeK U3
BTOPOIO 3Tarna Habopa IaHHbIX I OLICHKU HAJIWMYusl Y HUX MP-naTTepHOB IIEeHTpaJIbHON
BCHO3HOW THIMEPTCH3UU M OIECHKH BIMSHHUS CTPOSHUS dMHU(U3a HA OKPYKAIOIINE €To
CTPYKTYpBHI.

JIoOpOBOJIBIIBI OBLIM YCIOBHO Pa3feiieHbl HA 3 paBHBIC MO KOJMYECTBY UYEIOBEK
TPYIITIBI ¢ yY€TOM pa3Mepa KUCTBI: TiepBas Tpynma 0e3 KUCTBI, BTOPast - C MEJIKOW KHCTON
(menee 10 MM) WM METKOKHCTO3HOM JIeTreHepaliiell U TPEThs - C KpYITHOUM KUCTOM OoJiee
10 MM (Tabaura 6).

B rpynme ¢ kpynHbIMU Kuctamu, u3 16 yenosek y 11 Obia BeICTaBII€HA KaTErOpuUs
4c, rne 4 — 3TO MyJIbTUKUCTO3HAs IIMIIKOBUIHAS JKEJI€3a C YBEIMUYECHUEM Pa3MEpPOB U
CMEILEHUEM Kpasl.

5 dyenoBekam ObUTa MPHUCBOEHA KaTeropusi 3¢, rae 3 — 3TO MYJbTUKUCTO3HAsS
HIMIIKOBUIHAS JKelie3a C YBEJIMUCHUEM pa3MEPOB U 0€3 CMEIIEHUS Kpas.

B rpynmne ¢ Menkumu Kuctamu, u3 16 yenoBek - 9Tu Obula MpUCBOEHA CTENEHb la,
6 JyemoBekaM - 2a, 1 yenoBeky - 4b.

[Ipy npoBeneHUM IUCIIEPCHOHHOIO aHaIM3a MEXAYy TpeMmsl Trpynmnamu ObUIo
BBISIBJICHO, YTO TpyMMa JUI[ ¢ KPyNHBIMH KucTamu 3Hauumo (pi3 = 0,025) momnoxe
rpynmsl 0e3 NPU3HAKOB HATMYKS KUCTHI, HO MPU ATOM 3HAYMMO HE OTIMYAETCS OT JIMI] C
MenKod kuctod. CpemHHil BO3pacT MAalMEHTOB ¢ KPYHHBIMH KUCTaMu ObLI Haubosee
momaonoii - 30,81+10,8 ser.

Kpome Toro, cpennss TonmmuHa snuMdusza B rpynmne Jdll C KPYMHOW KUCTOU
coctaBuiia 8,19+2,07, B cpaBHEHHH € JTUIIaMU ¢ MeJKon kucTtoit (4,55+1,03) u 6€3 KucThbl
(4,14+£0,78), dro oOKa3ajJoCh CTAaTHUCTHYECCKH 3HauuMo Oombme (p;3 = 0,0004,
P23= 0,0004)

Te e COOTHOIICHUS OJYYUIIUCh U MPU OLIEHKE 3HAYMMOCTH Pa3JIMUuUsl CPEIHETO
pacCTOSIHUS OT BAJIMKA MO30JIUCTOTO TEJa O TEKTAIBHOM MJIACTUHKYU B KXKI0W U3 TPYMII.
Cpennee 3HaueHUE B IPYyIIIE C KPYIMHBIMU KuCcTamMu coctaBuiio — 10,39+1,6, uto 3Haummo

oombie (p; 3= 0,002, p23=0,0004) B cpaBHEHHUH C IPYTUMU TPYIIAMHU.
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Ta6auua 6 — BoisaBiaenubie MPT n3MeHenusi y NalfHeHTOB ¢ Pa3JIHYHBIMHA

BapuanTamu K29

[lokazarenn

be3 KD

C menkoit
K3
(MeHee
10mm)

C kpynHoii
K3 (6onee
10mm)

F-xpurepnii

P-3HAUCHUC

KonnuecTBO
MalMeHTOB,
yen

16

16

16

Cpennuit
BO3pACT, JIET

42.5+14,2

35,88+11,
3

30,81+10,8

3,703

pia= 0,025

Cpennsis
TOJIIIMHA
samudurza, MM

4,14+0,78

4,55+1,03

8,19+2,07

40,008

P13= 0,0004
P23= 0,0004

Cpennee
paccTosiHue
OT BaJIMKa
MO30JIUCTOTO
Teaa 10
TEKTaJILHOU
IUIACTUHKH,
MM

8,4+1,4

7,96+1,7

10,39+1,6

11,130

p13= 0,002
P23= 0,0004

[Ipu3Haku
CTEHO032
BOJONIPOBOJIA,
yen

<0,05

p13<0,05; p23

[IpusHaku
CIaBJICHUS
TEKTAJILHOM
IJIACTUHKHU,
yen

p> 0,05

Hun Y OAHOIO M3 MAaOWCHTOB HE OBIJIO BBISIBIICHO IIPU3HAKOB OKKJIFO3MOHHOM

ruzipouedaanum, 0OHAKO y 8 UEJIOBEK ONPEEISUICS HEKPUTUYHBINA CTEHO3 BOJOIPOBOIA

(1.5 mM u menee). Kpome Toro, manyieHTsI ¢ 4 KaTeropueil UMeu caMblid y3KUH TPOCBET
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Bogomnposoaa (1,1-1,2 mm) (Pucynok 12). Y omHOTO YenoBeka ObUTH BHISIBIICHBI TPU3HAKT

CHAaBJICHUS TeKTaJdbHOMU MuacTuHku (Pucynok 13).

Pucynok 12 — MP-u3o0paxenusi roioBHoro mosra, SSFP-UII, carurranbHas
10cKOCTh. [Ipu3HaKku cTeHo03a BOAONPOBOAA NIPH HAJIUYUHN KPYITHON KHUCTHI y
nanuenTa A. (AK Ne Ne32256, 2020) (A). lllnupuHa ero B CaruTTajibHOM IJIOCKOCTH
B CAaMOM Yy3KOM MecTe cocTaiJjsieT 1.1mMMm. /{151 cpaBHeHUs MpeaCcTABJICHO
u3oopaxenue nanueHTku b. (AK Ne33598, 2020) ¢ K3, y koTopoii mupuHa
BoAONPoBOAa cocrasisieT 2.2mmM (b)



Pucynok 13 — MP-u3o0paxenusi roioBHoro mosra, SSFP-UII, carurranbHas
10cKOCTh. [Ipu3HaKku caaBiieHUs IVIACTUHKY YeTBepoXxoJmus y nauueHTku C.
(AK Ne33768, 2020) (A). IlnacTHHKA NPU 3TOM UCTOHYEHA, YIIOLIEHA, €€ BePXHU I
KOHTYP CIVIA’KeH 32 cUeT 00beMHOIr0 Bo3AecTBUSA. /I CpAaBHEHUS NMPEACTABJIECHO
u3o0paxkenune KJ manuentku JI. (AK Ne 33786, 2020) 6e3 npru3HaKkoB BO3AelCTBUS
HA IVIACTHHKY YeTBEPOXO0JMHS, B CATUTTAJIbHOM INIOCKOCTH OHA UMeeT BbINYKJIbIe
KOHTYPHI (Bb) (Yka3aHbl cTpesikamMm)

ITo pe3ynbTaTaM BBICTABJICHHBIX CTENEHEN OT 1 10 4 HA OCHOBAHUU MTOTYUYE€HHBIX
koaddummenToB tectum-splenium-cyst u ko3¢ dunuenra ADC ObUTO0 BBISIBJICHO, YTO B

rpymnne A00poBoIbLieB ¢ kKuctaMu Oosiee 10 MM B IpyIIIbI MOBBIILIEHHOTO PUCKA Pa3BUTHUS
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LEHTPaAJIbHOM BEHO3HOM rumnepreH3uu (kareropus 3 u 4) nonanu 8 u3 16 yenoBek, 4To
coctaBisier 50% »Toil rpynmnbel. MHTEpecHO, YTO TOJABLKO B JIaHHOW rpymnne ObLIu
JIOOPOBOJIBLIBI C 4 KAaTETOpHEH.

[Ipy mnpoBeneHWM CPaBHUTEIBHOIO AaHaJIM3a C MCHOJIb30BAHUEM METOMA
Kpackena-¥Yonnuca Obuta BbIsIBIIEHA CTATUCTUYECKH 3HAUMMAs pa3HUIIA TPEThEH IPYIIIbI
OT BTOpO# U nepBoit. B TpeTweilt rpynmne kateropus (Grade) 611 B cpeiHeM O0JIbIIIE, YeEM
y niepBoii 1 Bropoi rpynn (pi3 = 0,004, p,3=0,013), 4To roBOpUT B MOJIB3Yy BAXKHOCTU
UCIIOJIb30BaHUs pacuera 3Toro nokasarens (Tadmuua 7).

Tabaunua 7 — CpaBHeHHe TPy 10 BHICTABJIEHHBbIM KaTeropusaM (Grade)

Kareropus besz KO C menkoit KD C xkpynHoii KO | p-3HaueHue
(Grade) (menee 10mm)
(6omnee 10mm)
Grade 1, 14 13 5 piz < 0,05;
geo p23<0,05
Grade 2, 0 0 3
qen
p> 0,05
Grade 3, 2 3 6
qen
p> 0,05
Grade 4, 0 0 2
qen
p> 0,05

Bo Btopoii rpynne y qun ¢ KO menee 10MM npu3HakoB CTEHO3a BOJONPOBOIA U
KOMITPECCUU TEKTAJIbHOM MJIACTUHKH BBISIBICHO HE ObUT0. OIHAKO TPEM UCCIIENyEeMbIM
Obla BeIcTaBiIeHA 3 KaTeropus, Ha ocHoBanuu Thalamus ADC Ratio 6omnee uem 1.01.

B tpetbeit rpynne kouTpoJis, y aul 6e3 KO, Takke He ObUIO BBISIBIICHO TPU3HAKOB
CT€HO3a BOJIOTIPOBOIA M KOMIIPECCHH TEKTATBHOM MJIACTUHKH, OJTHAKO 3 KaTeropus Oblia
BBICTaBJICHa 2 J0OpOBOJIBIIAM, YTO MOXET OBITh CBSI3aHO C HMHBIMH TPUYHMHAMU

HapymcHUA BCHO3HOI'O OTTOKA.
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3.1.2. MP-mopdomeTpus

[Tpu mpoBenennn ananusa gaHabix MP-mopdomerpun u ¢pyakimonansHoit MPT
MOKOSI BCE MAallMEHThl OBLIM YCIOBHO pa3zelieHbl Ha 2 rpymnmbl: ocHOBHas — ¢ KO u
KOHTPOJIbHASA — 0€3 HaJINuus KUCTHI.

Ha ocnoBanuu MP-MopdoMeTpun ¢ UCIOIb30BaHUEM OOOOIICHHON JTUHEHHON
MOJIENIA C KOPPEKIMeH KiIacTepoB ObLIM TMOJY4YEHBbI JIOCTOBEPHBIC JAHHBIC PA3HUIIBI
TOJILIMHBI KOPBI KaK B JIEBOM, TaK U B MPaBOM NoJiyliapuu y jmi ¢ KO, B cpaBHeHHH ¢
KOHTPOJIbHOM TPYIIION.

B neBom monymapun y nui ¢ KD Obln BBISBIEH CTaTUCTHUUECKH 3HAYMMBIN
KJIaCTep, pACIMOJOXKEHHBIM B mocTieHTpaibHOU wu3BuianHE (p=0.00420). [lanHble
IpeJICTaBJICHbI B TA0IMILIE 8.

Tabiamua 8 — BosmroMeTpuyeckue nNoKa3aTeJi TOJIIMHBI KOPbI JIEBOT0 MOJIYIIAPUS

y nauueHToB ¢ K9 B cpaBHenuu ¢ rpynnoii kouTpoJs (p <0,05)

O6n1 [Max | Vtx |[Size(| MNI |MNI |MNI |[CW |CW |CW [NVt [ WghtV
acThb Max | mm”" | X Y V4 P PLo |PHi |xs tx

KOp 2) w
bl

Tloct [4.92 | 1194 | 94.4 |-402|-34.5(51.1 |0.00 |0.00 |0.00 |225 |488.71
uenr |06 128 |, 42 |34 [500
pajib
Has
Hn3BU
JIMHA

[Iprmeuanune: Max — MakCcuMallbHAsi BOKCEIbHAs 3HAYMMOCTB B KJ1actepe, VtxMax
— BepIlIMHA Ha MaKcUMyMe, Size(mm”2) - pa3Mep Ki1actepa B KBaJIpaTHBIX MIJLTUMETpax,
MNIX, MNIY, MNIZ — MNI305 xkoopaunatei, CWP — p-3HaueHue Kiacrepa
(CWP=Cluster-Wise P-3nauenue), CWPLow — HmxHHI 95% H0BEpUTEIHHBIN HHTEPBAT
CWP, CWPHi - Bepxuuit 95% noeputenbubiii uatepsan CWP, NVixs — kommuecTBo
BEPUINH B KJIacTepe.

[Ipu 3TOM O0OHapyKXEHO, YTO BBISBJICHHBIA KIIACTEP pACIOJaraercs 4YeTKO B

CpCAMHHBIX OTACTIaX KOPbI U HEC BBIXOJUT 3a NPCACIIbI APYTrUX YHACTKOB 11O JaHHBIM
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HCIIOJIB3YCMbBIX IJIsI MPCACTABIICHUA AOAHHBIX aTJIdCOB, IOCTABIISICMBIX C FreeSurfer:

atnace DesikanKilliany u atnmace Destrieux, comepsxammm 6osnee Menkue (pparMeHThI.

B I

Pucynok 14 — [IBeToBO€e KapTHUPOBaHMe A0COJIOTHON PA3HUIBI TOJIIIUHBI KOPbI
JIEBOT0 MOJIyIHIAPHUS, MOJY4YeHHbIe CyOTpakuueid MOpdoMeTPUIECKUX METPUK
rPyINIbl KOHTPOJISI U3 MOP(GOMeTPHYEeCKUX MeTPUK rpynnsbl jul ¢ K9 Ha
ABYXMeEPHOii pa3BepTke (A) U TpexMepHoil pekoHcTpykuuu (b) mo atiacy
Desikan-Killiany, u mo atiacy Destrieux (B, I')
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JUIss HarasiAHOro OTOOpaKEHHsI BBISIBICHHBIX HM3MEHEHUW IPOU3BOJMIIACH
CyOTpaKIHsl MOJyYEHHBIX METPUK KOPBHI TOJOBHOTO MO3ra KOHTPOJBHOW TPYIIBI U3
rpynnsl nanueHtoB KO, ¢ mocnenyromeil peKoHCTpYKIUENH Kak TPEXMEPHOW MOJEIH
MOJTyIIApHsi, TaK U JABYXMEPHOH pa3BepTKHU ISl YCTPAHEHHs MpOoOJIeM BU3yalHU3allHH,
BBI3BAHHBIX CIIOKHBIM PUCYHKOM 00po31 1 u3BWIMH (Pucynok 14).

B npasom nomymapun y gun ¢ KO Obul BBISIBIEH CTaTUCTUYECKH 3HAYUMBIN
KJIaCTEep, PACIHOJIOKEHHBIH B BepxHed TemeHHoW wu3BuiuHE (p=0.02660). JlanHbie
npencranieHsl B Tabnuie 9.

Tabimua 9 — BosnroMeTpuyeckue moKa3are/iM TOJIMHBI KOPbI IPABOI0

noJiymapus y nauueHToB ¢ K9 B cpaBHenun ¢ rpynnoit kourpoJis (p <0,05)

O6ma | Max | Vtx | Size( | MNI | MNI [ MNI | CWP | CWP | CWP | NVtx | Wg
CTb Max |mm” | X Y Z Low | Hi S htV
KODBI 2) tx

Bepx [3.89 |[3879 |922. |30.5 |-55.0 [41.2 [0.02 [0.02 |0.02 |2124 {410

i |79 |2 46 660 |45 |870 43
TEMC
HHasg 2
N3BU
JIMHA

[Ipnmeuanue: Max - MakCcuMasbHasi BOKCEIbHAs 3HAUMMOCTb B Kiactepe, VitxMax
- BepIIMHa Ha MakcuMyMe, Size(mm”2) - pazMep Ki1actepa B KBaJPATHBIX MUJUTUMETPAX,
MNIX, MNIY, MNIZ - MNI305 xkoopaunatei, CWP - p-3HaueHue Kiacrepa
(CWP=Cluster-Wise P-3nauenue), CWPLow — HixHMi1 95% 10BEpUTEIbHBIN UHTEPBAJ
CWP, CWPHi - Bepxuuit 95% noeputenbubiii uatepsan CWP, NVixs — komuecTBo
BEpUINH B KJIacTEpeE.

Tot sxe (heHOMEH pacnoIOKEHUS 3TOT0 KIacTepa KOPbl B CTPYKTYPE TOJIBKO OJHOM
W3BWIMHBI TIOBTOPSIETCS AHAJOTMYHO JIEBOW IMOCTLEHTPAIbHOW W3BWIMHE. JlaHHBIE

HarJIsAHO NPOAEMOHCTpUpOBaHbl Ha Pucynke 15.
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Takum 00pa3oM, yCTaHOBIIEHO, YTO y ManueHToB ¢ KD oTMeuaercs Hamudue
YY9aCTKOB YBEIUYCHHS TOJIIWHBI KOPHI B TEMEHHBIX MOJISIX OOOWX TOJYyIIApUH I10

CpaBHCHHIO CO 3JOPOBBIMU I[O6p0BOJ]I>HaMI/I.

B I

Pucynok 15 — IIBeToBoe kKapTHpOBaHKe A0COIOTHON Pa3HULILI TOJIIMHBI KOPbI
NMPaBoro MoJyumapusi, NoJyuyeHHble cyoTpakinueid MopgoMeTpuIecKUX METPUK
rpyninbl KOHTPOJISI U3 MOp(oMeTPHYECKUX MeTPUK rpynnsbl jul ¢ K9 na
ABYXMePHOil pa3BepTke (A) u TpexmepHoii pekoHcTpykuuu (b) mo atiaacy
Desikan-Killiany, u mo atiacy Destrieux (B, I')

3.1.3 ®yukunonaabsHasgs MPT nokos
Ha ocHoBaHuu mOJNIy4eHHBIX TOCTe OOpaOOTKH MaHHBIX JIBYX TPYII OBLIO

BBISIBJICHO CTATUYCCKH 3HAYMMOC CHMKCHUC KOHHCKTUBHOCTH y JIUI] C K586 Pa3INYHBIX
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HelpoHHBIX ceTsax mokos: 1) Default Mode (cerp maccuBHOTO peknma paboThI), 2)
SensoriMotor (cercomoTopHas ceth), 3) Salience (ceTh BBISBICHUS 3HAYMMOCTH), 4)
DorsalAttention (mop3anbHas ceTb BHuUMaHuUA), 5) FrontoParietal (uwacte cetu
UCIIOJHUTENBLHOTO KOHTpoJist), 6) Language (s13b1koBasi ceth). [Ipu 00paboTke maHHBIX
GbMPT nokost B KaxJI0H M3 ceTe ObUIM B3ATHl B KadyeCTBE 30H WHTEpeca OJHa W3
OCHOBHBIX COCTAaBIIAIOIIMX KAKIOM CETH 10 Ouepea.

B coctraB cetn DefaultMode BXOoasT BeHTpoMmenuanbHas U AOPCOMETHANIbHAsS
npedpoHTaIbHas Kopa, jaTepajibHas TEMEHHas Kopa U Kopa 3aJHel 4YacTH MOSICHOM
m3BwMHbI (PCC) BMecTe ¢ npuiexamyMy YacTIMU NpeAKIuHbs. [Ipu aHanuse qaHHbIX
C MPUMEHEHUEM METOJUKH MOCTPOCHUSI KapT KOHHEKTUBHOCTH Ha OCHOBE HAYaJIbHBIX
3HAYEHUMN, C BHIOOPOM 3aJHEH YacTH MOSICHOW M3BWJIMHBI B KA4ECTBE 30HBI MHTEpeca
OBLIO BBISIBJIEHO 2 JOCTOBEPHBIX KJIACTEpa CHUKEHUSI KOHHEKTUBHOCTH y Jinil ¢ KD 1o
cpaBHeHUIO ¢ rpynmoit koHTposst (p <0,05) (Tabnuma 10).

Taoauna 10 — Ob6acTH CHUKEHHON AaKTUBAIMU B padoueil ceTH MOKOsi

DefaultMode y sun ¢ K9 B cpaBHeHuu ¢ rpynmnoii kourpoJis (p <0,05)

3oHa O6mactsb rosioBaoro mosra | [lone mo | Pazmep p-3HaYeHHE
HUHTEpeca BponmMany | (Bokceib)
Kopa JleBast mocTEeHTpaIbHAs 2,3,40 1205 0.00000000000
3aIHEeH 6oposzna (74%) 01
4acTu JleBas npeneHTpanbHas
MOSICHOM 6oposzna (16%)
e 1 aBast mocTienTpanbias | 3440 | 478 0.000033
(FCE) 6opo3zna (57%)

IIpaBas

npereHTpanbHas 6opo3aa

(24%)
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W3 naHHBIX TaOmULbI CleayeT, yTo Haubosiee KPYMHbINA BBISIBICHHBINA KIACTEP
CHIDKEHUS (YyHKIIMOHATIbHOW KOHHEKTUBHOCTHU TI0 OTHOIICHHUIO K 33 THEH YaCTH MOSICHOU
U3BUJIMHBI BU3YaAIU3UPOBAJICA B IPOEKLUU IIPEUMYIICCTBEHHO KOPBI IPAaBOM U JIEBOU

NoCTLEHTpalbHOM 6opo3asl (Pucynok 16, 17).

& g2e

A b B

Pucynok 16 — I{BeToBoe kapTHpOBaHMe a0COJIOTHOM PAa3HUIbLI AKTHUBALMH,
MOJIyYeHHbIe CyOTpaKkured pyHKIMOHAJBHBIX METPUK IPYIIIbI KOHTPOJIA U3
(pyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaausupyercs
CHUKeHHME AaKTHUBHOCTH B NIPOCKUMHU NPEMMYIIECTBEHHO JIEBO MOCTUEHTPAIbHOMI
0opo3abI B akcuaJIbHOM (A), pponTanbHOl (b) U carurTanbHOM I0cKOCTAX (B)

Pucynok 17 - IIBeToBo€e KapTHpPOBaHNE A0COJIOTHON PAa3HULIbI AKTUBALINH,
MOJIy4eHHbIe CyOTpaKkuneil PyHKIMOHAJIBHBIX METPUK IPYNIbI KOHTPOJISI U3
(GyHKUMOHAJBHBIX METPUK rpynnsbl nanueHToB ¢ KJ. Buzyaansupyercs
CHUKEHHME AKTHUBHOCTHU B MPOEKLIMHU MPEMMYIECTBEHHO IPABO MOCTIHEHTPAIbHOI
0opo3abl B akcuaJbHOM (A), pponTanbHoii (b) U carurrajabHoi mi1ockocTax (B)

B cerb SensoriMotor BkIHOYEHBI (PYHKIIMOHAJbHBIE OOJACTH B HEPBUYHOU
MOTOPHOU KOp€, MOSCHOW KOpe€, NOpP3aJbHOM M BEHTPAJbHOM IMPEMOTOPHOW KOpE M

JOTIOJTHUTEIHHOU MOTOPHOU 00siacTu. OH TaKke BKIIIOYAET MEPBUYHYIO U CEHCOPHYIO
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KOpY TEMEHHOH Ioiu. DTH 00JIaCTH YCIOBHO pa3/ielieHbl Ha BEPXHIOIO U JIATEPATHHYIO
YacTH, Kaxjas U3 KOTOPhIX ObLIa OLIEHEHA OTAENIbHO. B 3TOW ceTu ObLIO BBISIBICHO 6
KJIaCTEpOB HApyIIEHUS KOHHEKTMBHOCTH C JaTepajbHOM YacThiO ceTH M 1 KiacTep ¢
BepxHeil (Tadmuna 11).

Tadoauna 11 — O06JgacTH CHUKEHHOW AKTUBAIMU B padoueil ceTH MOKOsi Sensori

Motor y aun ¢ KD B cpaBHeHun ¢ rpynmnoii kourpoJs (p <0,05)

3oHa uHTepeca | OO6macTh rOJIOBHOTO [Tone mo Pa3mep p-3HaYeHue
MO3Ta bponmany | (Bokcen)
JlatepansHas | Kopa nmeBoro 7,31 587 0.000002
4acTh CETU npeaxInHbs (85%)
JleBas
MOCTIICHTpaJIbHAs
ooposna (8%)
Kopa npasoro 7,31 304 0.000004

npeaKanHbs (85%)
[IpaBas kTMHOBUAHAS
Kopa (24%)

Kopa octpoBka cieBa 13,47 299 0.000002
(30%)

Cxopayna cnesa (17%)

ITosicHas n3BMIMHA 24,32 293 0.000006
(92%)
IIpaBas okoJionOsICHAA

u3BuKHA (2%)
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ITosicHas n3BMIMHA 9,32 287 0.000011
(34%)
JleBast oxoJionosicHas

n3BuIHA (29%)

[IpaBas anrynsipHas 40,13 186 0.000015
u3BwimHA (70%)
CynpamapruHanbHas

n3BuIHA (26%)

Bepxwuss yacte | [losicHas n3BrinHa 24,32 760 0.000014
(66%)
[IpaBas okosomnosicHas

u3BwimHA (11%)

U3 JaHHBIX Ta6J'II/II_[BI cJIenyer, 4ro Hauboiee KPYIIHBIC BBIABJICHHBLIC KJIACTCPBLI

CHMKCHU (IJYHKHHOHaHBHOfI KOHHCKTHUBHOCTH, IIO0 OTHOIICHHIO K HaTCpaHBHOﬁ qaCTu

CCTHU, BU3YAJIM3HUPOBAINCH B IIPOCKHHHU IIPCUMYIICCTBCHHO KOPBI JICBOI'O M IIPAaBOI'O

MPEIKINHBS, KOPE OCTPOBKA, MOSICHOW HW3BWJIMHE, MPAaBOW W JIEBOM OKOJOMOSICHBIX

m3BuanHax (Pucynok 18, 19, 20, 21, 22).

-5.05 (.00
]

A b B

Pucynok 18 — IIBeToBoe KapTHpOBaHKe A0COTIOTHON PA3HUIIbI AKTHUBALMH,
MoJIy4eHHbIe CyOTpaKkuueil PyHKIMOHAJBLHBIX METPUK IPYNIbI KOHTPOJISI U3
(GyHKUIMOHAJBHBIX METPUK rpyninbl nanueHToB ¢ KJ. Buzyaauzupyercsi
CHMKEHHE aKTUBHOCTHU B MPOEKIHMHU NPEMMYIIECTBEHHO JIEBOT0 NMPEIKJINHbS B
akcuajabHoii (A), ppontanbHoii (b) U carurradbHoi MockocTsX (B)
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Pucynok 19 — IlBeToBoe kapTHpPOBaHMe a0COJIOTHOM PAa3HHUIbLI AKTHUBALMH,
MOJIyYeHHbIe CyOTpaKkurel (pPyHKIMOHAJBHBIX METPUK IPYIIIbI KOHTPOJIA U3
(pyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaausupyercs
CHHUKeHHMEe aKTHUBHOCTH B NIPOCKUMHU NPEMMYIIECTBEHHO NIPABOI0 NPEAKJIUHbS B
akcuaJbHoil (A), pponTanbHoi (b) u carurrajgbHoI MI0cKoCcTAX (B)

Pucynok 20 — IIBeToBoe kKapTHpOoBaHKe A0COTIOTHON PAa3HUIILI AKTUBALIMH,
NoJIyYeHHbIe CyOTpaKkuueil PyHKIMOHAJBHBIX METPUK IPYNIbLI KOHTPOJISI U3
(GyHKUIMOHAJBHBIX METPUK rpynnbl nanueHToB ¢ KJ. Buzyaauzupyercsi
CHHKeHHE AKTUBHOCTH B MPOEKIUU NMPEeuMYIIIeCTBEHHO KOPBI JIEBOI'0 OCTPOBKA B
akcuajabHoil (A), ppontanbHoi (b) u carurrajabHoI MI0cKOCTAX (B)



A b B

Pucynok 21 — [IBeToBO€e KapTHPOBaHMe A0COJIIOTHON PA3HUIbI AKTHBALIMH,
MOJIy4eHHbIe CyOTpaKkuueil pyHKIMOHAJBHBIX METPUK IPYNIbI KOHTPOJIS U3
(GyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaansupyercs
CHUKEHHE AKTHUBHOCTH B MIPOEKIUU NPEUMYIIECTBEHHO KOPbI NMOSICHO U NPaBOH
OKOJIONIOSICHOM U3BWJIHMHBI B AKCHAJILHOM (A), ppoHTaabHOI (B) 1 caruTranbHoOMi
mwiockoctsx (B)

A b B

Pucynok 22 — [IBeToBoe KapTHpPOBaHHMe a0COJIIOTHOM PA3HUMIbI AKTHUBALIMH,
NOJIyYeHHbIe CyOTpaKkurel PyHKIMOHAJBHBIX METPUK IPYIIIbI KOHTPOJIS U3
(pyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaausupyercs
CHMKEHHE aKTUBHOCTHU B NIPOCKIMHU NPEMMYIIECTBEHHO KOPbI NMOSICHOM U JIeBO
OKOJIOMOSICHOM M3BWJIHHBI B AaKCHAJILHOI (A), ppoHTaBLHOI (B) M caruTTaJbHOM
miockoctsx (B)

[To oTHOmIEHHIO K BEpPXHEW YaCTH CETH, YYACTOK CHMXKEHUS KOHHEKTHUBHOCTH
BU3YaJIU3UPYETCS TAKXKE B CTPYKTYPE MOSICHOM U3BWIMHBI C TEHACHIHUEN HA EPEXO HA

IIPaByIO OKOJIONOSICHYIO U3BWIMHY (PucyHok 23).
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Pucynok 23 — [IBeToBoe kKapTHpPOBaHKe A0COJIOTHON PAa3HULbI AKTHBALMH,
NoJIy4YeHHble cyOTpakuueil yHKIMOHAIbHBIX METPUK I'PYNIIbI KOHTPOJIS U3
(pyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaausupyercs
CHHM’KEHHME AaKTHBHOCTH B NPOCKLIUH NPEUMMYILIECTBEHHO KOPbI NOSICHOHN U NPaBoOH
OKOJIOTIOSICHOM M3BWJIHMHBI B AKCHAJILHOM (A), ppoHTanbHO# (Bb) u carurranbHOM
miockoctsx (B)

B Salience Network ocHoBHBIE (GyHKIIMOHANIBHBIE O0JIACTH WM Y3Jbl CETU
pacnoyioKeHbl B TMEpeAHEel MOSACHOM U3BWIMHE, IEpPEeAHE OCTPOBKOBOM J0JIE,
JOTIOTHUTENBHBIX ~ JIBUTATENbHBIX o0sacTsaXx. SN Takke BKJIOYAeT Y3Jbl B
MUHJAJIEBUIHOM Teje, TUIOoTajJaMyce, BEHTPAJIbHOM CTpUaTyMme, Tajamyce |
cnenuUUecKuX sapax CTBOJa MO3ra, a Takxke mnepemsssi nosicHas kopa (ACC),
poctpansHas mpedpontanbHas kopa (RPFC), maparunmoxkammnanbHas W3BHIMHA,
00OHsTENbHAs 1011 U BeHTpasibHast 00sacTh mokpbiky (VTA). Ilpu 00paboTke JaHHBIX
B TOM ceTH OBbLIO MOJIYYEHO YeThIpe KacTepa 3HAYUMOTO CHUYKEHUSI KOHHEKTHBHOCTH,
IIPU KOTOPBIX B KAYECTBE 30H MHTEpeca ObUIH B3STHI epeaHss noscHas kopa (1 kiactep),
JeBas pocTpaibHas mpedpoHTambHas kKopa (1 kimactep) W mpaBas pocTpaibHas

npedpoHTanbHas kopa (2 kinacrepa). Jlanusie npeacTtanieHsl B Tadmmie 12.
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Taboaunua 12 — O6acTH CHUZKEHHOW aKTUBAaUMU B padoueii cetu mokosi Salience

Network y jinng ¢ K9 B cpaBHennu ¢ rpynmnoi kourpoJs (p <0,05)

30Ha O61acTh roJIOBHOTO MO3ra [Tone no Pazmep p-
UHTEpeca BbponMany | (Bokcenb) |3HaueHue
[lepenuss JleBas npenieHTpanbHas 2,3,4,5,6 587 0,000003
MOsICHAsI u3BwiMHA (31%)

Kopa [IpaBas npeneHTpanbHas

n3BuInHA (27%)
JleBast OCTICHTpAJIbHAS

u3BuInHa (21%)

JleBas JleBas mpenieHTpabHAS 3,4,40 180 0,000056
poctpanbHas | u3BuinHa (64%)
npedponTan | JIeBas mocrueHTpagbHAsS

bHas KOpa n3BurHa (31%)

[IpaBas JleBas npeneHTpanbHas 4,6,13 345 0,000009
poctpanbHas | u3BwinHa (39%)
npedponTtan | FOKkcTano3uIMOHHbINA y4acTOK

bHasl Kopa J00HOM KOpHI (23%)

Kopa npaBoro octpoBka (39%) |13 221 0,000001
[IpaBas ueHTpanbHas
onepkymsipHas kopa (29%)
Ckopayma (13%)

[To maHHBIM TaOMMIIBI NEPBBIA KiacTep, B KOTOPOM B KaueCTBE 30HBI MHTEpeca
Obula B3sTa TMEpPEAHssT IMOsICHas KOpa, BHU3yaM3HpoBaJCe B 00JacTH JIEBOU
IIPELIEHTPAIbHON, IIPABOM IPELECHTPAIBHON U JIEBOW IOCTLEHTPAIBHON W3BUIIMHE, U

SBJISIICA HanOoJiee KpymHBIM 10 pa3Mepy (Pucynok 24).
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Pucynok 24 — IIBeToBoe KapTHpOBaHHe A0COJIOTHON PAa3HUIIbI AKTHUBALMH,
MOJIyYeHHbIe CyOTpaKkuueil pyHKIMOHAJBbHBIX METPUK IPYINIbI KOHTPOJIS U3
(GyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaansupyercs
CHUKEHHE AKTUBHOCTH B NIPOCKIUM JIEBOH NPELEHTPAIbLHOU, IPABOH
NMPeNeHTPAJbHON U JIeBOii MOCTHEHTPAJIbHON M3BUJIMHBI B AKCHAJIbHOM (A),
¢ponTanbHoii (b) u carurrajgbHoi ockocTax (B)

BTopoii BeISIBICHHBIN KJIacTep, B KOTOPOM B Ka4eCTBE 30HBI MHTEpeca OblIa B3sTa
JeBas pPOCTpayibHAasi TpeQpOHTalIbHAs KOpa, OINPEHSISUICS Ha TpPaHUIEC JICBOM

MPEIeHTPaTbHON U MOCTHEHTpaIbHON M3BWIHMH (PucyHoK 25).

A b B

Pucynok 25 — [IBeToBO€e KapTHPOBaHMe A0COJIOTHON PA3HUILI AKTHUBALIMH,
MOJIyYeHHbIe CyOTpaKkuneil PyHKIMOHAJbHBIX METPUK IPYIIbLI KOHTPOJIS U3
(GyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaansupyercs
CHUKEHHE AaKTUBHOCTHU B MIPOEKIMHU JIeBOM NMPeleHTPAJIbHON U3BUINHbBI B
akcuajabHoii (A), ppontanbHoi (b) u carurrajgbHoi mIockocTsX (B)

Tpernii 1 4YeTBEPTHIM BBIABICHHBIE KJIACTEPbl, B KOTOPbIX B Kauye€CTBE 30HBI
WHTepeca Obljla B3sIiTa IMpaBas pocTpalibHas MpedpoHTalbHAs KOpa, BBISBISIMCH JBE

30Hbl CHMIKEHHOW KOHHEKTHBHOCTH: OJHA B JIEBOM MPELEHTPAIbHOW H3BWIMHE C
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BOBJICUCHUEM FOKCTAMO3UIIMOHHOTO y4YacTKa JIOOHOM KOpBI, BTOPOM B KOpE MPaBOTO
OCTPOBKAa C PacnpoCTpaHEHUWEM Ha MPaBYI0 LIEHTPAIbHYIO OINEPKYJSIPHYIO KOpy H

ckopayny (Pucynok 26, 27).

PucyHnok 26 — I{BeToBoe kapTHpPOBaHMe A0COJIIOTHOM PAa3HUIbLI AKTHUBALMH,
MOJIyYeHHbIe CyOTpaKkurel pyHKIMOHAJBHBIX METPUK IPYIIIbI KOHTPOJIA U3
(pyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaausupyercs
CHMKEHHE aKTUBHOCTH B NPOCKIMHU NPEMMYIIECTBEHHO JIEBO# NMPELEeHTPAJIbHOH
U3BWJIHHBI B akcHAJIBLHOU (A), ppoHTanbHol (b) n carurranbHoi mi1ockoctsx (B)

=508 ()00
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Pucynok 27 - IIBeToBoe kapTUpOBaHue A0COJIOTHON PA3HUIILI AKTUBALIMH,
NoJIy4eHHbIe CYOTpaKkuneil PyHKIMOHAJBLHBIX METPUK IPYNIbLI KOHTPOJISI U3
(GyHKUIMOHAJBHBIX METPUK rpynnbl nanueHToB ¢ KJ. Buzyaauzupyercsi
CHMKEHHE aKTUBHOCTHU B MPOEKIHMHU NMPEMMYIIIECTBEHHO IIPABOr0 OCTPOBKA B
akcuaibHOiIl (A), pponTanbHoiil (B) u carurranabHoi miockoctsx (B)

Dorsal Attention uiau gop3ajibHas CETh BHUMAaHMUS, SBJISASCH JBYCTOPOHHEH CEThIO,

MPEACTABISIET COOOM CHJIBHYIO CBSI3b MEXKy JIaTepalbHOW 3aThUIOYHON JOJEH,
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MpEIeHTPaTBLHON 00pO3/I0H, caMOl JOPCAIbHONW YacThl0 BEPXHEWU JOOHOW OOpO3IHI,

KoTopas curtaercs 100HbMU nossimu 3peHust (FEF), BeHTpanbHOM TpeMOTOPHON KOPOH,

BEpXHEl TEMEHHOW M0JbKOM, BHyTpuTeMeHHON Ooposmod (IPS) um cencomoTopHol

cpenHeil BUCOYHOM 00sacThio. B ee cocTaBe ObLIO BBISIBICHO 5 KIACTEPOB CHIKEHHOU

KOHHCKTHUBHOCTH, IIPHU KOTOPBIX B KAYCCTBC 30HBI MHTCPCCA OBUIH B3STHI JJOOHOE TI0JIC

3peHHs U BHyTpUTEeMeHHas 6oposna (Tabmuna 13).

Tadaunna 13 - O0/1acTH CHU2KEHHOH AKTUBALMM B pado4eil ceTH NMOKOsA

DorsalAttention y i ¢ K9 B cpaBHeHuu ¢ rpynnoit kourpoJs (p <0,05)

n3BuirHa (82%)

30Ha O06macTh roJIOBHOTO MO3ra [Tone mo | Pazmep p-3Ha4YECHUE
UHTEpeca Bbponmany | (Bokcesb)
Jlo6noe none | IloscHas u3miauHa (91%) 24,32 199 0.00005
3peHus IIpaBas okonomnosicHas
u3BWINHA (6%)
Buytputemen | [losichas uzBunmHa (83%) 24,32 315 0.000005
Has Oopo3aa
JleBas cynpamapruHagbHas 7,40 272 0.000024
n3BuIMHA (46%)
AnrynspHas u3BmwinHa (26%)
JleBast BepXHsid TEMECHHAs
noibka (19%)
AwnrynspHas u3Buwinza (71%) | 40,39 174 0.000095
[IpaBas cynpamapruHaibHas
u3BuIMHA (25%)
[IpaBas cpeansist 100Has 6 160 0.000015

3 JaHHBIX Ta6J'II/II_IBI ClIeayeT, 410 OJHMH KJIAaCTEp, B KOTOPOM B KaUCCTBC 30HbI

WHTEpeca B3ITO JIOOHOE T0JIe 3pEHUS, BU3yalIM3UPOBAJICS B TIPABOM MOSICHON U3BUIIMHE,

CJIETKa PacHpOCTPAHSIONINICS HA OKOJIOMOSICHYIO N3BUIUHY (PrucyHoKk 28).
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Pucynok 28 — [IBeToBO€e KapTHPOBaHMEe A0COJIIOTHOI PA3HUIbI AKTUBALIMH,
NOJIy4YeHHbIe CyOTpakuueil (PyHKIMOHAJIBHBIX METPUK I'PYNIIbI KOHTPOJIA U3
(pyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaausupyercs
CHUKeHHMe aKTHUBHOCTH B NIPOCKUMHU NPEMMYILIECTBEHHO NPABOH MOSCHOM
U3BWJIHHBI B aKCHAJIBLHOU (A), ppoHTanbHOM (b) U carurTanbHOM I0cKOCTAX (B)

[Ipu ucnonb30BaHUM B KaUECTBE 30HBI HHTEPECA BHYTPUTEMEHHON 00pO311bl, OBLIO
BBISIBJICHO YETBIPE KJIACTEPa CHMIKEHHONW KOHHEKTUBHOCTU. I1epBbIl BU3yaIM3UpPOBAIICS
B [TOSICHOW W3BHWJIMHE, BTOPOM - B JIEBOM CyNpAMaprUHAIIBHON U aHTYJISIPHOM W3BUJIMHAX,
TPETHUM - B IIPABOU CyIIpaMapruHaIbHON U aHT'YJISIPHOU U3BUIIMHE, YETBEPTHIN - B [IPABOU

cpeaneit nooHoM uzBunuHe (Pucynok 29, 30, 31, 32).
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Pucynok 29 — [IBeToBO€e KapTHPOBaHMe A0COJIOTHON PA3HUILI AKTHUBALIMH,
MOJIy4eHHbIe CyOTpaKkuneil PyHKIMOHAJbHBIX METPUK IPYINIbI KOHTPOJIS U3
(GyHKIHOHAJBHBIX METPUK Irpynnbl nanueHToB ¢ KJ. Busyaausupyercst
CHUKEHHE AaKTUBHOCTH B MIPOEKIMU MOSICHOM U3BWJINHBI B AKCHAJIBLHOH (A),
¢ponTanbuoii (b) u carurrasnbHoM ockocTax (B)



87

A b B

Pucynok 30 — [IBeToBO€e KapTHpPOBaHMe aA0COJIIOTHON PA3HUIbI AKTHBALIMH,
NoJIy4YeHHbIe cyOTpaKkuueil (PyHKIMOHAJIBHBIX METPUK I'PYNIIbI KOHTPOJIA U3
(pyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaausupyercs
CHUKeHHMEe AaKTUBHOCTH B NIPOCKLMHU JIEBOM CyIIPpAMapPruHAJbHOM U3BUWIMHBI B
akcuaJbHoil (A), pponTanbHoi (b) U caruTTaJbHOI MII0CKOCTAX (B)

- |
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Pucynok 31 — IIBeToBOe KapTHpOBaHKe A0COTIOTHON PA3HUIILI AKTUBALIMH,
MOJIyYeHHbIe CyOTpaKkurel PyHKIMOHAJbHBIX METPUK IPYIIIbI KOHTPOJIS U3
(GpyHKUIMOHAJBHBIX METPUK Ipynibl nanueHToB ¢ KJ. Buzyaausupyercsa
CHHKEHHE AKTUBHOCTH B MPOEKIMU MPEeMMYIIIeCTBEHHO NPABO AaHTYJISIPHOM
U3BWJIHHBI B aKCHAJIBLHOH (A), ppoHTanbHoii (b) u carurranbHoi miaockoctsx (B)
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Pucynok 32 — [IBeToBO€e KapTHPOBaHKMe A0COJIOTHON PA3HUIbI AKTHBALIMH,
MOJIyYeHHbIe CyOTpaKkuneil PyHKIMOHAJbHBIX METPUK IPYINIbI KOHTPOJIS U3
(GyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaansupyercs
CHMKeHHE aKTUBHOCTH B MPOEKIMHU NPABOM CpeAHeli JIOOHOM N3BUIMHBI B
akcuajabHoil (A), ppontanbHoi (b) u carurrajabHoI MI0cKoCcTAX (B)

FrontoParietal Network sBisiercs 4acTbio CETH HCIIOJHUTENBHOIO KOHTPOJIS, B
KOTOPYIO BXOJAT JaTepasibHas npegponTansHas kopa (LPFC) u 3aanss TeMenHast kopa
(PPC). B 06eux 30Hax uHTEpeca ObUTH BBISIBJICHBI KJIaCTEPhl CHUKEHUSI KOHHEKTUBHOCTHU
(Tabmuna 14).

Tabimua 14 — O01acTH CHUKEHHOM AKTUBALMHU B pado4eil ceTH MOKOs

FrontoParietal Network y sinu ¢ K9 B cpaBHeHun ¢ rpynmnoit kKoutpoJs (p <0,05)

30Ha UHTEpECa O06s1acTh roJIOBHOTO [Tone no Pasmep | p-3HaueHue
MO3ra Bbponmany | (Bokcenb)
JlaTepanbHas VYy4acTok B CTpyKType 13 213 0.000001

npedpoHTanbHas | 6€JI0ro BeniecTBa Ha
Kopa TpaHUIIe PABOM JTOOHOM
Y TEMEHHOW 101

3anHss JleBas 40,2 537 0.000001

TEMEHHas Kopa | CynpamMapruHaibHas
n3BuIMHA (66%)
JleBas nmocrueHTpanbHas

u3pwmanHa (13%)
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[IpaBas
cylnpaMapruHaibHas 40,2 182 0.000128
U3BWIMHA (TIEpEeIHME
otaeinsl) (57%)
IIpaBas TemeHHas
ONEPKYJISIpHAs Kopa
(21%)

[IpaBas
CylpaMapruHaibHas
W3BHIIMHA (3aHUE

otnensl) (15%)

Kimacrep CHMKEHHOW KOHHEKTHBHOCTHM II0 OTHOIICHHIO K JIATEPaJIbHOMU
npepoOHTATBbHON KOpe — 3TO EAMHCTBEHHBIM y4YacTOK, pachojararouiuiics
UCKJIIOYUTENIFHO B OEJIOM BEILECTBE Ha IPaHULE MPaBOM JIOOHOM M TEMEHHOW 10JU

(Pucynok 33).

Pucynok 33 — IIBeToBoe KapTHpOBaHKe A0COTIOTHON PA3HUIILI AKTUBALIMH,
NoJIy4eHHbIe CYOTpaKkuneil PyHKIMOHAJBLHBIX METPUK IPYNIbLI KOHTPOJISI U3
(GyHKUIMOHAJBHBIX METPUK rpynnbl nanueHToB ¢ KJ. Buzyaauzupyercs
CHUKeHHE AKTUBHOCTHU B MPOEKIMHU YYACTKa 0€JI0r0 BellecTBAa HA TPAHUILe
NPaBoi JIO0OHOI M TEMEHHOM /10J14 B AKCHAJIBbHOM (A), pponTanbHoi (b) u
CArMTTAJbHOMN MJI0cKOCTSAX (B)

JIBa xyiacrepa CHMUKEHHOW KOHHEKTHBHOCTH I10 OTHOILLIEHUIO K 3aIHEM TEMEHHOM
Kope pacroJiarajiichb MPEUMYILIECTBEHHO B JIEBOU CynpaMapruHaIbHOU,

HOCTHGHTpaHBHOﬁ HN3BUJIMHC, a TaKXKC B IICPCAHUX MW 3aJHUX OTACIaX npaBoﬁ
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CylpaMapruHaJIbHON W3BUIMHBI U IPABOM TEMEHHOM OoNepKyJsipHOU Kope (PucyHok 34,

35).
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Pucynok 34 — [IBeToBO€e KapTHpPOBaHMe A0COJIOTHON PA3HUIbLI AKTHBALIMH,
MOJIy4eHHbIe CyOTpaKkuueil pyHKIMOHAJbHBIX METPUK IPYNIbI KOHTPOJIS U3
(GyHKUMOHAJBHBIX METPUK rpynnsl nanueHToB ¢ KJ. Buzyaansupyercs
CHUKEHHE aKTHUBHOCTH B IIPOEKIIMH JIEBOH CYNIPAMAPIrUHAJIbLHOM U3BWJIHHBI B
akcuaJabHoil (A), pponranbHoi (b) u caruTTaJbHOI MII0CKOCTAX (B)

Pucynok 35 — [IBeToBO€e KapTHPOBaHMe A0COJIIOTHON PAa3HUIbI AKTHUBALIMH,
MOJIyYeHHbIe CyOTpaKkunel PyHKIMOHAJBHBIX METPUK IPYNIbI KOHTPOJIS U3
(GyHKUMOHAJBHBIX METPUK rpynnsbl nanueHToB ¢ KJ. Buzyaausupyercs
CHMKeHHE aKTUBHOCTHU B MPOEKIMHU NMPABOH CyNIPpaMapPruHAJIbHOU N3BUJINHE B
akcuajabHoii (A), ppontanbHoi (b) U carurrajdbHoI MIockocTsX (B)

Language Network wmam si3pIKOBasi CETh SIBJISICTCS OJJTHOM M3 CaMBIX CJIOKHBIX B
KOHHEKTOMHUKE, KOTOpasi COCTOMT U3 S TOJCEeTeH, CBA3AHHBIX MEXKIy COOOM:
CEHCOMOTOPHAs CETh, CETh MACCUBHOTO PEXUMa pabOThI, IIEHTpATIbHAS UCIIOTHUTEIIbHAS

CCTh, A0p3ajibHasd CCTb BHUMAHUA U CCTh BbIABJIICHUA 3HAYUMOCTH.
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Taboauua 15 — O6aacTi CHU2KEHHOW aKTUBAaUMU B padoueil cetu mokosi Language

Network y jiung ¢ K9 B cpaBHennu ¢ rpynmnoi kourpoJs (p <0,05).

30Ha UHTEpeca O06acTh roJIOBHOTO [Tone no Pazmep p-3HaUeHUE
MO3Ta BbponMany | (Bokcenn)
3aHs 4acTh [IpaBas 40,13 238 0.000081

BEpXHEW BUCOYHOU | CylpaMapruHAJIbHAS
W3BUJIMHBI u3BmIMHA (83%)
IIpaBas TemeHHas
ONEpPKYJISIpHAs Kopa

(15%)

Ha ceroansmHuii MOMEHT MpPHU3HAHO, YTO (PYHKIMOHAIbHBIE O0JACTH MO3ra,
Y4aCTBYIOIIHE B A3BIKOBOW (DYHKIIMHU, HAXOJATCS B JIaTepalibHOM TpepOHTATIBLHOM KOpE,
JIEBOM BHUCOYHOW 00JIaCTH, a MMEHHO 3aJHEM 4YacTh BEpXHEW BHCOYHOW H3BHIIMHBI
(pSTG), 3a npegenamu 30HbI BepHuKe W JI€BOM AOPCOMEAMATILHON MpPEePPOHTAIBLHOM
KOpe€.

B mnpomecce 00paboTkm maHHBIX OBUT BBISABICH 1 KiIacTep CHUXKEHHOM
KOHHEKTMBHOCTHM MO OTHOLICHUIO K 3aJHEM YacTU BEPXHEW BHCOYHOW W3BUJIMHBI
(Tabmuma 15).

BhIsBIICHHBIN €IUHUYHBIN KJIACTEP PacIiojarajicsi MpeuMylIECTBEHHO B MPABOM
CylpamMapruHaJIbHOM W3BWIMHE C 3aXBATOM YacCTU NPABOM TEMEHHOM OIEPKYJSPHOU

kopsl (Pucynox 36).
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Pucynok 36 — [IBeToBOe KapTHpPOBaHKMe aA0COJIIOTHON PA3HUIbI AKTHBALIMH,
noJiyuyeHHble cyOTpakuueil (yHKIUMOHAIbHBIX METPUK I'PYNIbI KOHTPOJIS U3
(GYyHKIMOHAJBHBIX METPUK rpynnbl nanueHToB ¢ KJ. Buzyaansupyercs
CHMKeHHMe AKTHBHOCTH B MPOEKINH MPaBOiil CynpaMapruHajbHOi U3BUJIMHBI B
akcuajabHoii (A), ppontanbHoii (b) U carurrajdbHoI MIocKkocTsX (B)

Takum 00pa3oM, ObUIN BBISIBJICHBI JOCTOBEPHBIC pa3InuKsl B PyHKIIMOHUPOBAHUU
pabounx ceTell MOKOs TOJOBHOTO MO3ra MeExAy JuiamMu 0e3 MopgdoiaoruyecKux
n3MeHeHu# snuduza u ¢ KO3.

C nomolipio pacyeTa abCOMIOTHOM pa3HUIIbl (PYHKIIMOHATILHON CBSI3AaHHOCTH BCEX
BOKCEJIed B MaTpuile, MOJIy4eHHas CyOTpakiued (yHKIMOHAIbHBIX METPUK TPYIIIIbI
KOHTpPOJIb U3 (YHKIMOHAJIBHBIX METPUK Tpynmbl Jull ¢ KD, ObUIM BBIABICHBI y4aCTKU
JIOCTOBEPHOTO CHMKEHUSI KOHHEKTUBHOCTH y JiHIL ¢ KO.

J1J1st IpOBeIEHUS MEXKTPYIIIIOBOTO aHAJIN3a PE3YJIHTATOB (DYHKIIMOHATBHBIX CBSI3EH
npuMeHsach 0000mIeHHass JuHedWHas wmojenb. s uckmoueHus  3ddexTa
MHOKECTBEHHBIX CPAaBHEHUW MPOBOJWIACH KOppekuus kiacrepoB ¢ p <0,05 nns
kiactepa u  p<0,001 ngna Bokcens. BblisBIeHHbIE W3MEHEHHUS  HArJISJIHO
MPOJEMOHCTPUPOBAHBl B BUJE  YBEJIMYECHHUS  KOJIMYECTBA  OTPHUIIATEIHHBIX
(GYHKIIMOHATBHBIX CBS3EH, PACIOJIOKEHHBIX B JIOOHOM M TEMEHHOW 07 000uX

nonymapuii (Pucynok 37).
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PucyHnok 37 — AGco/iroTHasi pasHULIA (PYHKIIMOHAJIBHON CBA3AHHOCTH BCeX
BOKCeJIeH B MaTpHLe, oJy4YeHHas1 cyOTpakuueil GyHKIMOHAJIbHBIX METPUK
rpynnbl KOHTPOJS U3 (PYHKIMOHAJIBHBIX METPUK rpynnsl Jun ¢ K9

Buzyanusupyercs yBEeIUYEHHE KOJMYECTBA OTPULIATENBHBIX (DYHKIIMOHAIBHBIX
CBSI3€H, PacHOJIOKEHHBIX MPEUMYIIECTBEHHO MEXAy 00eUMU JTIOOHBIMU U TEMEHHBIMU
JOJISIMU.

Takum 00pa3oM, YCTaHOBJEHBI JIOCTOBEPHBIE pa3NUuUsi B (PYHKIMOHAIBHOU
CBSI3aHHOCTH I'OJIOBHOTO MO3ra y jul ¢ KO B cpaBHEHUM C IpyIIIONH KOHTPOJIS.

3.2. Pe3yabTarhsl APYyrux 00c/jie10BaHu

3.2.1 Pe3yabTaThl OlIECHKH COMATHYECKOT0 M HEBPOJIOTHYECKOI0 CTaTyCca

100pOBOJIbIIEB

Bce mnanueHTsl B OCHOBHOM UM KOHTPOJBHOM TrpyIme ObLIM OCMOTPEHBI

HeBposioroM. [1o pe3ynbraramM HEBPOJIOTUIECKOTO OCMOTPA OBLIO YCTAHOBJIIEHO, YTO BCE
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UCCIIeTyeMble KOMIICHCHPOBAHBI 110 BUTAIBHBIM (YHKIUSAM U HE UMEJH O00IIEeMO3TOBOM
Y 04aroBOM HEBPOJIOTUYECKOW CUMIITOMATUKHU
3.2.2. Pe3yabTaThbl pACIIMPEHHOIr0 AHKETUPOBAHUS

HcnpiTyembie ObUTH pa3/ieleHbl Ha 2 TPYIBL: KIMHUYECKash — ¢ KUCTOU anudusa
(K9) u konTpoapHas — 6e3 kucthl, 33 1 30 yeaoBeK COOTBETCTBEHHO.

BrIsIBIIEHO, YTO 3HAUMMBIX PA3IMUYUi MEXIY TPYNIaMu Mpu olileHKe adhPeKTUBHON
cdepbl 1 SMOIIMOHATBHOTO COCTOSHUS UCTIBITYEMBIX BBISIBIICHO HE OBLIO.

1. AHKeTa TMYHOCTHBIX XapAKTEPUCTUK

Pe3ynbTaThl npecTaBIIsAIOTCS B BUJIE CPEAHErO 3HAUYECHHS B KaXKIOW U3 TPYII U
MHTEPHPETUPYIOTCS C YYETOM CHEUATBHOTO «KIIFOUay.

Pe3ynbrarel B 00€eux Irpynnax He OTJIMYAIUCH APYT OT APyra U HE BBIXOAWIIMU 32
TpaHMIIBI HOpMAJIbHBIX 3HaUeHu (Tadmuma 16).

Tabamnua 16 — Pe3yabTarsl 00pad0TKH JaHHBIX AHKETHI THYHOCTHBIX

XapaKTePUCTHK
[TokazaTensb ['pynna ¢ KO I'pynna 6e3 KO
DKcTpaBepcHs HIDKE CPEHEr0 HIDKE CPEIHETO
Camoco3Hanue, HIKE CPEAHETrO cpenHee
OpPraHW30BaHHOCTH
["'0TOBHOCTB K COTJIacHIo, cpenHee cpenHee

COTPYIHUYECTBY

OMOILMOHAIbHAA CTA0OMIILHOCTD

HUXKE CPEHETO

HIKE CPETHETO

JInuHOCTHBIE pECYPCHI

cpenHee

cpenHee

2. Onpocuuk Crimnbeprepa

Pe3ynbTaThl OBUIM MOJCUMTAHBI MO CHEHUATBHOMY «KIIIOYY» B BHUAE CPEIHETO

3HAYE€HUsS B 00eHX rpymmax 1mo KaxKJoMy OLCHHUBACMOMY THUITY IPOABJICHUA aIrpCCCHU,
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TaKhe KaK arpeccusi KaK aKTyaJdbHO€ COCTOSHHE, arpeccusi Kak uepra (JIMYHOCTHas
O0COOEHHOCTB), arpeccusi Kak 0COOCHHOCTh TeMIIEpaMEeHTa, arpeccusi Kak 0COOEHHOCTh
XapakTepa, arpeccus BHEIIHsIS (TeTepoarpeccusi), arpeccusi BHyTPEHHsIsI (ayToarpeccusi)
Y KOHTPOJIb arpECCUU.

[lonyyennsie cpennue 3HaueHusi (Pucynox 38) B kaxmoll wu3 rpynn

COOTBCTCTBOBAJIM HOPMAJIBHBIM ITOKA3aTCILAM, ITPCACTABJICHHBIM B Ta6HI/IH€ 17.

30

24.66 25,47
25
20 18,57 18,12
1523 1455 1428
15 K
11,18
10,23
10
734 726 7.6 753
| I I
0
AK JIO OoT (0):¢ I'erepo AyTo KA

B C xucton bes kuctel

Pucynok 38 — Pe3yabTarsl 00padoTky JaHHBIX onpocHuKka Cnuideprepa, rae AK
— arpeccusi Kak akTyaJbHoe cocTosinue, JIO — arpeccust Kak JUYHOCTHAS
0co0eHHOCTh, OT — arpeccusi Kak 0c00€eHHOCTb TeMnepaMenTa, OX — arpeccust
KaK 0C00eHHOCTh Xapakrepa, ['erepo — arpeccusi BHelIHsIA, AyTO- arpeccus
BHYTpeHHss1, KA — KOHTpOJIb arpeccun

Taoauna 17 — Tabsmua HOpMBI JaHHBIX MO MIKAJIAM

Arpeccus Kak akTyaJlbHOE COCTOSIHUE 10,84+2,27
Arpeccus Kak yepTa (JUYHOCTHAs 18,5243,75
0COOEHHOCTD)

Arpeccus Kak 0COOEHHOCTb TeMIIepaMeHTa 7,67+£2,58




96

Arpeccusi Kak 0COOEHHOCTDh XapakTepa 9,02+2.91

Arpeccus BHeHHss (TeTepoarpeccus) 15,18 +4,24

Arpeccusi BHyTpEHHsIs (ayToarpeccus) 15,7543,71
KoHntpoib arpeccun 21,9+4,93

3. Unanekc obmiero (xopomero) camouyBeTBrsi/BO3 (BapuanT 1999r.)

Cpennuit 0aymn B KaxJ0W W3 TPYNI MPU MPOBEIECHUN CPABHUTEIILHOIO aHAIM3a
3HauMMO He otiuvaics (p=0,477).

B Tabnuie 18 npeacraBiaeHbl pe3yibTaThl ONPOCHUKA.
Tabanua 18 — Pe3yabTarsl 00padoTKH JaHHBIX ONPOCHUKA 00111Er0 (XOpouero)

camouyBcTBHsI/BO3 (Bapuant 1999r.)

[Toka3arenp I'pynma ¢ KO ['pynma 6e3 KO
MunnuManbHbBIN 0asa
30 32
MaxkcumanbHbIN Oai 88 92
Cpenunii 6amn, M+m 63,4+16 60,5+16,4
Me (Q1; Q3) 64 (52;76) 56 (51;80)

4. [llxana COHMMBOCTH DNBOPTA

ITo obpaboTanHbIM pe3yabTaraMm B Tpyimne Juil ¢ KD 9 denoBek UCHBITHIBAIOT
JIETKYIO THEBHYIO COHJIMBOCTH, B CPaBHEHUU C JIMIIAMH 0€3 KUCTBI, KOTOPHIX BCETO 2.
CUWJIBHOM COHJIMBOCTBIO HE OTIMYAJICS HU OJUH U3 UcnbITyeMbIX (Tabmuma 19).

OnHako TpW TPOBEICHWM CPABHUTEIHLHOTO aHajdnu3a 3HAYMMOW Pa3HUIIBI IO

CTETIEHU COHJIMBOCTH MEXAY JABYMS I'pyMIaMH BbIsIBIEHO He Obu10 (p=0,507).
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Taoauna 19 — Pe3yjabTarsl 00pad0TKM JaAHHBIX ONPOCHUKA COHJIMBOCTH JNBOPTA

[Toka3zarenb I'pynna ¢ KO, | I'pynmna 6e3 KD, uen
yel
22 23
Hopwma, 0-10 6amtoB
9 4
JIérkast COHIIMBOCTS, 11-14 OamioB
2 3
YMepeHHasi COHIMBOCTD, 15-17 Gaios
CunbHas COHIUBOCTD, 17-24 0ayuioB ) )
7(3,5;11) 6(3:9,5)
Me (Q1;Q3)

5. lNociuraneHas mkana TpeBoru u Aenpeccun (HADS)

B Tab6nuie 20 npeacTaBiaeHbl pe3yJibTaThl ONPOCHUKA.

Tabamua 20 — Pe3yabTarsl 00pad0TKH JAHHBIX ONIPOCHUKA HA TPEBOI'Y H

nenepccuro (HADS)

Ilokazarenp

I'pynma ¢ KO, uen

I'pynna 6e3 K3, uen

CyOxnuHnYecKast
TpeBora/nemnpeccusi, 8-10 6amios

T | T |
30 28 28 27
Hopwma, 0-7 6amios
3 5 2 3

Knunnueckast TpeBora/nenpeccus,
>11 Gamnos

Me (QI; Q3)

4(2,5;6) | 2(1:5)

4(2;6) | 3(1,75;4,25)
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IIpumeuanue: T — TpeBora, /I-nenpeccus

Ilo pmanHbIM Tabmuusl B rpymmne ¢ KO mun ¢ cyOKIMHMYECKOW TpeBOroil u

Jernpeccueil ObUIO BBISIBIICHO O0JIbIIE, B CPABHEHUU C KOHTPOJIBHOM IPYMIION.

OmHako

OpU  CTaTUCTUYECKOM  00paboTke

JTAHHBIX

C

IMPUMCHCHUCM

HermapameTpuuecKkoro Kpurepuss ManHa-YUTHH JOCTOBEPHOUM pa3HUIIBI 10 MapaMeTpam

TpeBora u aemnpeccus BoisgBieHO He Ob110 (p=0,603, p=0,655 COOTBETCTBEHHO).

6. [Icuxonoruyeckuii OMPOCHUK JHYHOCTH “bonblias nsaTepka” (AMOLUU U

YyBCTBA)
6
53
> 251
> 4,5
4,2
4 3,7 3.8 3,7
35 35 3,4 333’6
3,3 32 32 323 ’
3 3 3 =
3
2,1
2 1,8
| I
0
0 N > © & & > & & < <
S & & & & & & & & & &L
249 @ 9
& R S AN RS QU
& K Q ) Q,o Q Q’Q Q &> Qo
FH & & ¢ & S
S N o @
e RS Q ]
>
]
B C kuctoil " be3 KUCTHI

PucyHnok 39 — Pe3ysbTarsl 00pad0TKM JAHHBIX ONPOCHUKA JIMYHOCTH “BoJibias
nAaTepka” (3MOIMHU U 1YyBCTBA)

Pe3ynprarel onpocHUKA MOJYYEHBI B BUJIE CPEAHUX 3HAYEHUU IO ITapaMeTpaM B

kax o rpynme (Pucynox 39). [1pu ctatuctudeckoit 00pab0OTKe TaHHBIX ObLIa MOTydYeHa

3HauMMas pa3Huila 1o mnapameTpy «O3adoueHHocTh» (p=0,019). Ilo ocrambHBIM

napameTpaM pa3Induil B SMOIMOHAIIBHON chepe Mex Ay ABYMS TPYITIAMU UCTIBITYEMbIX

BBISABJIEHO HE OBLJIO.
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3.2.3. HeiliponcuxoJioruieckoe o0cjae10BaHne

B pesynbrare cpaBHeHUS Tpymm IO TapamMeTpy «ypOBEHb HEBEPOAIBHOTO
WHTEUIEKTa» U «3pUTENBHOE YyAEp>KaHWe» ObLIO BBIABICHO, 4YTO B pe3yibTaTe
MPOXOXKJICHNUS TECTOB TECT HHTEIUICKTyaJIbHOTO TIOTCHIIMAJIA W TECTa 3PUTEIHLHOMN
pereHiuy beHTOHA MoKa3aTeny y KIMHUYeCKou rpynmbl ¢ KO 1 KOHTpOJIbHON rpymibl
6e3 KD 3naunmo He paznuyatorces (p>0,05).

AHanmu3upyst pe3yJdbTaThl METOAUKH «ANNCHOPYKCKash KOTHUTHUBHAS MITKaJa
(AJI), ¢ mpumMeHeHHWEeM HemapamMeTpUyYecKoro Kputepuss MaHHa-YUTHH, TPYIIbI
CTAaTUCTHUYECKH 3HAYMMO HE pasnudaroTcs 1o mnapamerpam «CyMMmapHbBIA Oamm,
«Buumanuey», «llamsate», «BepOanbHas Oeriocth», <«S3BIK» U «3pUTEIBHO-
npocTpaHcTBeHHas opueHTarus» (p>0,05) (Tabxuma 21).

Taoauna 21 — Pesyabrarsl MmeTtoauku A I

[Toka3arenp I'pynma ¢ KO, ['pynma 6e3 KD,
M (Q1; Q3) M (Q1; Q3)
CymMapHblii 0asmt 93 (90;97) 94 (91;97)
Buumanue 18 (17;18) 18 (17;18)
[TamsITh 24,5 (23; 26) 25 (22;26)
Bep6anpHas 6ernocthb 13 (11;14) 13 (12;14)
31K 24 (23;25) 25 (24;26)
3puTenpHO- 16 (14;16) 16 (14;16)
IPOCTPaHCTBEHHAS
OpHCHTAIIHS

B wMeroauke «Ludpoas koppekTypHas mnpoba» OBUIO Takke IPOU3BEIACHO
CTAaTUCTUYECKOE CpPAaBHEHHE TPYI [0 TIOKA3aTelsiM KOJUYECTBA OIIMOOK TIpH

BBITIOJIHCHHWH IIPABOT'0 BEPXHET'O, ITPABOI'0 HUKHETO, JICBOI'O BEPXHETO U JICBOTI'O HUKHETO
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nosg (Top-R, Down-R, Top-L, Down-L), BpeMeHH BBINOIHEHUSI OTAEIBHO BEPXHEHN
yactu Mmetoauku (T1), Huxkueir yactu meromuku (T2), oOmiee Bpemsi BBINOJTHEHUS
3amanus (T), a Takke 1o mokazareiasiM koddduument yromusemoctd (KY) u
kodpdummenta acummerpun (KA), paccumTanHBIe MO CHEIUATBHBIM (HOpMyJIaM.
CraTuCcTUYECKH 3HAYMMBIX Pa3IMuiii MeX Ay IpyNamMu BhISBICHO He ObLT0. Pe3ybTaThl

npejacTaBiieHbl B Tabmuie 22.

Taoauna 22 — Pesyabrarsl MeToaukn «lludpoBasi kKoppexkTypHas npoda»

IToka3arenp I'pynma ¢ KO, ['pynmna 6e3 KD,
M (Q1; Q3) M (Q1; Q3)
Top-R 0 (0;1) 0 (0;1)
Down-R 0 (0;1) 0 (0;2)
Top-L 0 (0;1) 0(0;1)
Down-L 0,5 (0;1) 0 (0;1)
T1 116,5 (92,25;131,25) 112 (98;37)
T2 116 (89,75;132,25) 114 (99;134)
T 233,5 (184,5;270) 225 (201;280)
KY 0,99 (0,9;1,1) 0,99(0,9;1,1)
KA 0 (-0,0125;0,125) 0 (-0,0125;0,125)

[Ipumeuanue: Top-R — koauvyecTBO OMIMOOK MPU BBHITOJIHEHUH MPABOr0 BEPXHETO
noJist, Down-R — konm4ecTBO OMMOOK Mpy BBITIOJIHEHUH MTPABOTO HUXKHETO 101, Top-L

— KOJIMYECTBO OIINOOK ITPH BBINTOJHCHWH JICBOT'O BEPXHETO I10JIA, Down-L — konmuecTBO
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OLIMOOK MPHU BBIMTOJHEHUH JIEBOTO HIDKHEro mosi, T1 — Bpemsi BBIMOJHEHUS BEpXHEU
YacTU METOJHMKHM B CEKyHJax, T2 — BpeMs BBINOJIHEHUS HUKHEH YacTH METOJIMKH B
cekyHaax, T — oOuiee BpeMs BBIMOJIHEHUSI METOIMKH B cekyHaax, KY — koaddunuent
yromisieMoctd, paccuutaHHbii kak T1/T2, KA — xo3pdumueHT acumMmeTpuu,
paccuntanHblii kKak R-L/80, rme R — xommdecTBo ommbok B mpaBoit mosnoBuHe, L —
KOJIMYECTBO OMIMOOK B JIEBOM MOJIOBUHE.

[lo pesynbraram Tecta CTpyma 3HAYMMOE pa3ivyuue MEXIy TpyNmnaMud ObLIO
BBISIBJICHO 110 BPEMEHHU BBINIOJIHEHUS MEPBOM, BTOPOM M TpeThed mpoObl, a TakXke M0
MOKa3aTel0 THOKOCTh/PUTHAHOCTh MO3HABATEIHHOTO KOHTpOJIs (Tabnuma 23).

JIuua ¢ KO cripaBuiiuch ¢ 3aannemM ObICTPEE, UTO BEPOSITHO MOXKET OBITh CBSI3aHO
C MOJIyYE€HHOM CTaTUCTUYECKU 3HAUMMOM pa3HuULed B Bo3pacTe o0ciaenyembIx aull. Jluia
¢ KD okazanuce MOJ0Ke, Tak Kak MX CpEIHANA BO3pacT cocTaBwi 31,5 net, B cpaBHEHUN
¢ 44 roamu y 1M1l ¢ HOpMaJIbHBIM CTPOCHUEM SIUU3A.

[Ipu ananu3e mnokaszarenss BepOAJbHOCTH 3HAUMMBIX Pa3IMUUi MEXITy IBYMs
rpyIIiaMu BbIsBIEHO HE ObL10 (p>0,05).

Tabimua 23 — Pesyabrarsl MeToauku «Teer CTpyna»

[Tokazarens I'pynna ¢ KD, I'pynima 6e3 KD, p-3HaYEHUE
M (Q1; Q3) M (Q1; Q3)
T1 47 (42,75;52,25) 49 (46;57) 0,025
T2 63 (57;72,5) 71 (64;79) 0,003
T3 105 (86,75; 126,25) 118 (102;141) 0,009
CI 39,5 (28,75;53) 50 (40;63) 0,008
CV 1,34 (1,2;1,56) 1,4 (1,2;1,6) >0,05

[Ipumeuanue: T1 — BpeMsi BBIIIOJHEHUS MEPBOM MPOOBI B CEKyH1ax, T2 — BpeMs
BBITIOJIHEHHsI BTOPOM MpoObl B CeKyHax, T3 — BpeMs BBIINOJHEHHUS TPETheil mpoObl B
cekynaax, Cl — koappuuuent uareppepenuu, CV — kordduiirieHT BepOaabHOCTH.

3.2.4. Pe3yJabTaThl aHAJIN3A CJIOHBI HA MEJIATOHUH
ITo pesynpTaTam DA ciiroHBI Ha MEJTATOHUH OBLTH TIOTYYEHBI CPETHNE 3HAUCHUS

B JBYX TIpylnmnax, KOTOpbIE COCTAaBWIM: B TPYyNIE C KPYNHBIMU KUCTaMU 3nudu3a
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13,45+13,73 nr/mn (mpu mHopme 10-58 nir/mur), ¢ menkumu kuctamu 12,57 11,95 nr/mn
u 6e3 kuct 14,36 +£13,07 nr/min, 9TO HE BBIXOAWIO 32 TPAHUIIBI HOPMBI, OJTHAKO OBLIO
CMENICHO K €ro HIDKHEW TpaHulle. 3HAUMMOW Ppa3HUIbl CPEIHUX 3HAYECHUU MEXITY
UCCJIENYEMBIMU TPYIIIAMUA MPU MPOBEACHUU JUCIEPCHOHHOIO aHAM3a BBISBICHO HE
osuto (F=0,136, p=0,873).

Takum 00pa3om, Mo pe3yibTaTaM OCMOTpa HEBPOJOra BCE HCCIEIyeMble ObLIN
KOMITCHCHUPOBAHbI TI0 BUTAJIBHBIM (YHKIMSIM, HE WMETH OOIIEMO3TOBOM W 0YaroBOM
HEBPOJIOTMYECKOM cuMnToMaTuku. [1o pe3ynapTaTaM pacHIMpEHHOIO aHKETUPOBAHMUS, B
BHUJIE CAMOOINPOCHUKOB «AHKETa JIMYHOCTHBIX  XapaKTEpPUCTUK», «ONpoCHUK
Cnunbeprepay, «MHaekc oOmiero/xopoiiero camMouyBCTBUs», «lllkana COHIMBOCTH
OnBopra», «l'ocnuTanbHas IIKajla TpPeBOrM M naenpeccun» u  «llcuxomornueckuit
OMPOCHUK JTUYHOCTH «bonpmas nsatepkay, craTuctuuecku 3Hauumoe orianaue (p=0,019)
MEXIy TpynnaMy ObLIO MOJTYYEHO JIMIIb 10 rapamMeTpy «O3a004eHHOCThY» B MOCIETHEM
TECTe, YTO IOJATBEP)KIAET JAHHBIE O IICHXOJIOTUYECKOM ocobeHHocTH sun ¢ KO
npuBoaumMbie B juteparype (Carpenter J. S., 2017; Huang F., 2017). Ilpu ananuse
pe3yibTaTOB HEUPOTICUXOJIOTHYECKOTO 00CIIEeIOBAHUS PA3TUUYUN MEXKIy TpylnaMu npu
MPOBEICHUH TECTOB MHTEIJIEKTyalbHOTO IMOTeHIuMana, Tecta bentona, Ludposoi
KOPPEKTYpHOUH TpPOoObl U ANJIEHOPYKCKOM KOTHUTHUBHOM IIKAdbl BBHISBICHO HE OBLIO.
Opnako mpu mposenenun Tecta Ctpyna rpymnma juiy ¢ KO Obictpee crpaBuiach ¢
BBINIOJIHEHUEM TI€PBOM, BTOPOM M TpeTbed MpoObl, a Takke HhMesia 0oJjiee BBICOKUUI
MOKa3aTelib TUOKOCTH/PUTHIAHOCTh IMO3HABATEIBHOTO KOHTPOJS, YTO MOXKET OBITh
CBSA3aHO C 0oJiee MOJOJBIM CpeAHHM Bo3pacTtoMm rpynmsl (31,5 5er) B cpaBHEHUH C
KOHTpobHOU (44 roma). Ilo pesynbraTam Onoxumuueckoro aHaiamza MDA CIltOHBI
TOOpPOBOJIBIIEB  3HAYMMOW  Pa3HMIIBl  CPEIHUX  3HAYEHUW TIPU  MPOBEIACHUU

JIMCTIEPCUOHHOTO aHayn3a BhisgBiIeHO He ObL10 (F=0,136, p=0,873).
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I''TABA 4. OBCYXXJIEHUE PE3VYJIbTATOB

Pe3ynbTaThl  BBINOJHEHHOW JUCCEPTAIMOHHOM pabOThl HE TOJBKO HE
MPOTUBOPEYAT paHEe OIMyOJIMKOBAHHBIM HMCCJIEAOBAHUAM, HO U JOMOJIHSIOT HOBBIMU
naHHeiMU 00 MP-ceMuoTuke crpoeHus snudu3a, a TaKKe ICUXOJOTMYECKHX,
HEBPOJIOTHYECKUX U MOPPOPYHKIIMOHAIBHBIX 0COOEHHOCTSX JHI] ¢ KD.

K3 — 310 mocrarouHo wyacrtas ciydaiiHas Haxojka npu mnpoBeaeHuu MPT
rOJIOBHOI'O MO3Ta, KOTOpAas MO JaHHBIM JIUTEPATypbl MPUCYTCTBYET B 25—40% ciyuaes, a
Ipu naToJioroaHaToMu4eckoM uccienoBanuu 10 40% (Cauley K. A., 2009). ITo nanabIM
pOBeIeHHON paboThl U3 149 3M10pOBBIX TOOPOBOJIBIIEB, KOTOPHIEC MPUHSUIM YYacTUE B
uccnenoBanum, y 79 Owputn BeIgBIeHBI KO, uto coctaBiser 53% ot 001Ieii BRIOOPKH
(IoHunosa A.B., AnanweBa H.W., JIykuna JI.B.; 2022, [34]). Heckonbko MOBBIIICHHBIN
MPOLIEHT CBUIETEIBCTBYET O TOM, YTO B HCCIIEJOBAaHHWE ObUIM BOBJIEUEHBI 16 yHil C
KPYITHBIMU KHCTaMH, Y KOTOPBIX paHee ObLla OMUCaHa KUCTA MO TaHHBIM MPEABIIYIIETO
MP-uccnenoBanus. Kpome Toro, BO3M0KHO, B IaHHBIX, IPEACTABICHHBIX B JINTEPATYPE
(Cemmuena T. B., 2000; El Damaty A. et al., 2019; Gheban B. A. et al., 2021), He
YUYUTBIBAIOTCS BCE OMUCaHHBbIE BUABI KD, mMOATOMY MpOIEHT BBIABICHHBIX KHUCT Y
0OpPOBOJIBIIEB OO0JIBIIIE COOTBETCTBYET MPOIEHTY BBISBIIEMBIX KUCTO3HBIX M3MEHEHUN
MIPU NIATOJIOT0aHATOMUYECKOM UCCIIE0BaHUMU.

KD wame Bu3yanusupyeTcst y KEeHIIWH, YeM Y MYKYHH, 4TO HEKOTOPhIE aBTOPbI
CBSI3bIBAIOT C HAJTMYMEM MEHCTPYaIbHOTO LIUKJIAa K TOPMOHAIBHBIX U3MEHEHHI BO BpEMs
OepeMeHHOCTH, KOTopasi npuxoauTcss Ha Bo3pacT okosio 30 mer (Choy W., 2011;
Gokce E., 2018; Han Q., 2018; Storey M., 2020). B Hamem ucciieIoBaHHH T€HICPHOC
pacnpeneneHue Takke ObUIO CMEIIEHO B CTOPOHY JIMIT )KEHCKOTO TI0JIa BO BCEX TPYyIIax
MAlMEHTOB C pa3audyHou TpaHchopmaiuen smuduza. OAHAKO MPU MPOBEICHUU
JUCIIEPCUOHHOTO aHaJIM3a CTAaTHYECKM 3HAYMMOTO BIMSHUS TOJa HAa TUI KHCTHI

BBIABJIICHO HEC 6BIJ'IO, T.C. KaK MYXXYHHBI, TaK H KCHIIWHBI, 110 HAIIKUM AAHHBIM, MOI'YT
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umeTh KO, B ocobeHHocTH KpymHyto (6o1ee 10 Mm), 4TO, BEPOSITHO, MOKET OBITH CBSI3aHO
C 0COOEHHOCTSMH BBHIOOPKH.

B uccnenoBanuu ObUIM MOJYYEHBI CTATUCTHYECKH 3HAYMMBIC Pa3IMUYUs MEKITY
BO3PAaCTOM JIMI[ C MYJIbTHKHCTO3HOW IIMIIKOBUJIHOW JKEJIE30M C YBEIUYEHHEM U
cMmenieHreM kpas u auramu 6e3 KO. 31o cBuaeTeNnbCcTBYET O TOM, YTO UMEHHO MOJIOJIbIE
naureHTsl B Bo3pacte 30 JeT W Miaauie, BHE 3aBHCUMOCTH OT II0JIa, MOTYT HUMETh
kpynHyto KO, KoTopast MOKET BhI3bIBaTh KIIMHUYECKYIO0 CUMIITOMATHUKY.

B Poccuu craructika KUCTO3HBIX U3MEHEHUI 3MU(ur3a J0 HACTOSIIET0 BPEMEHU
He Benach. lMmerorcs nMIlb €IMHWYHBIE HWCCIEAOBAHMS Ha 3Ty TEMY, KOTOpbIE
onuckiBalOT Hanmuuue KO mumbs y 5% B rpymme, coctosimeit uz 6osee yem 5000
oocnenyembix (bamssuna E. B., 2022). Hame wuccnegoBaHue MO3BOJUIO HU3YYUTh
BAapUAHThI CTPOEHUS AMU(H3a Y YCIOBHO-3I0POBBIX T0OPOBOJIBIEB U MOTYYUTH MIEPBHIE
CTaTUCTUYECKHUE JaHHbIC, UCIOJIb3Ysl KiaccUUKaIMio, mpeanoxenHyoo Sirin S., 2016.
JanHas ximaccupuKanus paclldpuia Halld 3HAHUS O Pa3IudHbIX MOpQOTHUIIax
KHCTO3HOU TpaHchopmanuu snudu3za. Tak, KO Obuia oqHOKaMEpHOW U €UHUYHON y 26
T0OpOBOJIBIIEB, ¥ 53 OoTMeuasncss MyJIbTUKUCTO3HBIM THIT CTPOEHHUS, U3 KOTOPHIX y 18
JTOOPOBOJIBIIEB KHCTa ObLIa MHOTOKAMEPHOM, YTO IeJIeco00pa3HO oOTMedaTh B
3akyiroueHn MP-nccnenoBanus.

Paznuunbie THUIBI KUCTO3HOW TpaHchopmaiuu snudusza, BEPOITHO, CBA3AHBI, C
BO3MOXXHOW BapuaOEIbHOCTBIO HMX MNPOUCXOXKJICHHUS. OIHU KHUCThI MOTYT HMETh
BpPOXKAEHHBII XapaKTep, HAIPUMEp, 3a CUET 3aKYIMOPKHU BBIBOJSIINX MEJIATOHUH MYyTEH,
PACIIOJIOKEHHBIX B BUJIE MEJIKUX TPYyOOUYEK B CTPYKType Anudu3a wiv BPOXKICHHBIN
nedexkt GopMHpOBaHUSA 3TUX NyTe. MyJIbTUKHCTO3HAs IIMIIKOBUAHAS jKeie3a Oe3
YBEIMYCHHS U 0€3 CMEIICHUS Kpasi y 26 T0OpOBOJIBIIEB MPECTaBIIsIa COO0N TAaPECHXUMY
JKeJe3bl ¢ BU3YyIM3UPYEMBIMH B HEM MEJIKUMH, OTACIBHO JICKAIUMH KHCTO3HBIMU
BKJTFOUCHUSIMHU, KOTOpBIC, MO JaHHBIM HEKOTOpbix aBTOpoB (Gokce E., 2018) moryr
CIIMBAaTbCd B OJHYy KHCTy. M3yuenume oSTux TUNOB TpeOyeT AalbHEHIIeH
HCCIIEIOBATEILCKON paOOTHI.

MarnuTHo-pe3oHaHCHass ToMmorpadusi SIBISETCS  «30J0TBIM»  CTaHJIAPTOM

BU3yanu3aluu nuHeanibHoi obnactu. [lpu pyrunnoit MPT tunuunsie KO BoIrsiasT kak
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OKPYTJIbIE WM OBOHIHBIE OOpa30BaHUS C TIAJKUMHU KpasMH ¥ YETKO OYCPUYCHHBIMH
KOHTYpaMH, KOTOPBIE JIyYIll€ BUJHBI B CATUTTAIBLHOMN MJIOCKOCTH.

MP-xapakrepuctrkaMu THIUYHON KD SBIISIOTCS TONIMHA CTEHKU HE 6oJiee 2 MM,
YETKUE POBHBIE KOHTYPhl BHYTPEHHEW M HApY>KHOW CTEHOK, PABHOMEPHOE YCHUJICHUE
CUTHAJIa OT CTEHKH KUCTHI ITPU BBEJCHUU KOHTPACTHOT'O IIpenapara, a Takke OTCYTCTBHE
BO3JICHCTBUS Ha oKpy»Karomue cTpykTypsl (Lensing F. D., 2015).

OnuHouYHas OTHOKAMEpPHasi KHCTa COAEPKUT KUIKOCTh, KoTopas B 90% ciyuaeB
nMeeT U30uHTeHCUBHBIM MP-curnan k nmukBopy (Gaillard F., 2010; Jussila M. P., 2017,
Gokce E., 2018), B 10% ciyyaeB cUrHaJl U30- WM CJIETKa TUMIEPUHTCHCUBHBIN, YTO
CBS3aHO C cojeprkaHueM Oenka. Takol tumn Tpedyet auddepeHunanbHON JUarHOCTUKH
C ATUNUYHBIMH KHCTO3HBIMU OOpa30BaHUSMHU, OMYXOJISIMH 3apOJBIINIEBBIX KIETOK U
MapeHXMMAaTO3HBIMU OMyXOJIsIMU NTUHEanbHOM kene3bl (Gheban B. A., 2019; Storey M.,
2020).

B HameM uccienoBaHUM W30- M TUNIEPUHTEHCUBHBIA CHTHAJ OT COJEPKUMOM
KHCTBI BBIABIISUICA Y 76 mauneHToB (B 96% ciydaeB). Y 3 nallueHTOB ¢ MHOTOKaMEPHBIMHU
KUCTaMH ObLI BU3YaJU3UPOBAH YMEPEHHO TOHMKEHHBIN CHUTHAI OT COJIEPKUMOTO
HEKOTOPBIX KaMep, UYTO yKa3bIBaeT Ha HEOOXOAMMOCTH JajbHEHIero HaOMIOACHUS 3a
ATUMH TMAIlUEHTAMH JIJIs1 HCKII0UEHUs] 00BEMHOT0 00Opa3oBaHus dnudu3a.

Hanuune BHYTpEeHHUX MEPEropoJioK, a TaKKe HAIMYUE MHOXKECTBEHHBIX MEJIKHX
KUCT B CTPYKType 3mudu3a HEPEIKO TPYAHO OLEHHUTh C MOMOIIBI0 OObIYHBIX MP-
nocienoBatenbHocTel (Lacroix-Boudhrioua V., 2011; Gokce E., 2018). ITosTomy Ha
BTOPOM JTafe€ WCCICIOBAHUS TPHU JOMOJHUTEIHHOM TPHUIICTIBHOM 00CJIeI0BaHUU
naeHToB ¢ KD MbI BBIMOJHSUIM TOHKOCPE30BBIE TOCJEIOBATEIHLHOCTH C BBICOKUM
pasperieHrueM, Takwe Kak TpexmepHas (3D) OwicTpas mOCIenOBAaTEIBHOCTh C
ucrosb3oBaHueM coopa nanHbix -SSFP-UII, koTopas mo3BoiMIa yTOYHUTH
ApPXUTEKTOHUKY 3MHU(U3a U BAPUAHT CTPOCHUS KUCTHI - HAIMYHUE MYJIBTHKHCTO3HOMN
TpaHchOopMaIii, MHOTOKAMEPHOCTb, CTPYKTYPY M KOJIMYECTBO MEPETOPOIOK B KPYITHBIX
KHCTaX, BBIXOJ KUCTHI Ha Kpail sanudu3a u 1.1. Tak, y 27 nun npu BeinojgHeHun SSFP-
UIT xucra okazainach MHOTOKaMEpPHOU, y 8 M3 KOTOpPBIX MEpBOHAYAIbHAs TPAKTOBKA

U3MCHEHUU «OJUHOYHAaA KHCTa G)HI/I(l)I/ISa» OblJITa 3aMEHEHa Ha MYJIBbTUKUCTO3HEBIC
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u3MeHeHus. Y 18 1006poBosiblieB ObLIO BBISBIEHO CMEIIEHHWE aHATOMHUYECKOTO Kpas
JKEJe3bl 33 CYET KPYITHOM KUCThI B CTPYKTYPE, KOTOPAasi BBIXOAUT 3@ T'PAHULIBI JKEJIE3bI.

Kpome Ttoro, mocnenoBarenbHocTh SSFP mo3Bosiniia MpULIETBHO PAacCMOTPETH
pa3inyuHbIe BapHAHTHl MEJIKOKHMCTO3HOW TpaHC(hOpMaluu >kene3bl. 26 J00pOBOIIBIIEB
UMENU MYJbTUKUCTO3HBIM TUIl CTPOCHMS 3Mudpu3a 0e3 yBeaudeHus U 0e3 CMEelIeHUs
kpas. [lo ganuaeiM autepatypsl (Tan D. X., 2016), npu 3JI€KTPOHHOW MUKPOCKOIIHHU B
CTPYKTYpE TKaHM 3MHU(PHU3a MOTYT OBITh BBISIBICHBI MHOKECTBEHHBIC MTEPUBACKYIISIPHBIC
npoctpancTBa. C Halledl TOYKA 3pEHHUs, TAKOW THUIl CTPOCHHUS, IPU KOTOPOM
BU3YAJIM3UPYIOTCA MHOYKECTBEHHBIE OTAEJIBHO JIeKAIIME MEJIKUE KHUCTOBHIHBIE
CTPYKTYpbl IUAMETPOM OKOJO 2-3 MM, BEpOSITHO, U CJEAyeT TPAaKTOBaTh Kak
paclIMpeHHbIE TEPUBACKYJIIPHBIE IPOCTPAHCTBA, KOTOPBIE YYacTBYIOT B OBICTPOM
pacnpocTpaHeHun Menaronna B aukBope (Tricoire H., 2002).

OObIYHO KHCTO3HAsl JAereHepauus snudu3a UMeeT OeCCUMITOMHOE TEYEHHE.
OnHAaKO KHUCTBI, HE BBI3BIBAIOIINE OKKIIO3MOHHYIO THUAPOLEPAINI0, MOTYT SBISATHCA
IIPUYMHON LIEHTPAJIBHOW BEHO3HOW THMIIEPTEH3HUH, NMPOSBICHUSAMU KOTOPOM SIBISIOTCS
4acTble T'OJIOBHBIE OOJM, TOIIHOTA, I'OJOBOKPY)KEHHS, NMOBBILIIEHHAS] TPEBOKHOCTh U
npobsiemsl co cHoM (Eide P. K., 2016; Milton C. K., 2020).Tak, B nuTepatype Oblia
BBIJIBUHYTA TEOPHS, YTO HEOKKITFO3UPYIOIIUE KUCTHI MOTYT CIABIMBAThH ITyOMHHBIE BEHbI
TOJIOBHOTO MO3ra (BHYTpEHHssl 1iepeOpaiibHas BeHa, OaszalibHas BeHa, OoJiblllas BEHA
MO3ra), YTO MOXET BBI3bIBATh MHTEPCTULMAIBHBIA OTEK TAJIaMyCOB M KakK CIEICTBUE
CUMIITOMBI IIeHTpasibHOM BeHo3HO# runepren3uu (Eide P. K., 2016; Milton C. K., 2020).
Kpome TOro, KpymHble€ KHUCTHI IIMIIKOBUAHOW 3Kene3bl 0€3 NPHU3HAKOB OKKIIO3UU
JEMOHCTPUPYIOT CHU’KEHHBIN TOK CTIMHHOMO3TOBOM KMIKOCTH Yepe3 BOJOMPOBOJ] MO3Ta
(Bezuidenhout A. F., 2018). Jlns yTouHEeHUsI dTUX W3MEHEHUW W ObLIa MPEaIpPHUHSITA
IIOIIBITKA BBIABUTH MP- maTTepHbl BEeHO3HOU runepreH3nu no nasabiMm DWI UL

[TocnenoBarensHocTh SSFP-UII Takxke mMo3BoJiMJIa JE€TalbHO PAaCCMOTPETh U
W3YYUTh OKpYyXaromue Hnuu3 CTPYKTYphl, a TaKXKe NPU3HAKU BO3JCUCTBUS Ha
OKpYXalollle CTPYKTYphl MpU HAIUYMK KpPymHOW KHUCTBL. Tak, y 1 nmoOpoBosbia c
kpymnHoit KD (60see 10 Mm) Ob1I0 BBISIBJICHO BO3ACHCTBUE HA INTACTUHKY YETBEPOXOIMHUS

B BUAC YIUIOIICHUA MJIM BOTHYTOCTH €€ BECPXHEI0O KOHTYPA. V 8 yenoBek ObLI BHISIBIIEH
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CTEHO3 BOJONPOBOJAA (IIMpUHA MEHee 1,5 MM B CaruTTaJIbHOW IUIOCKOCTH). OnHaKo y
TUX MAIMEHTOB HE OBUIO BBISBIEHO HEBPOJIOTMYECKOM CHUMITOMATHKU. BeposrHo,
JTAaHHBIE W3MEHEHMs, KOTOpble OBUIM BHU3yaIU3UPOBAHBI IPU TOHKOCPE30BOM
NOCJIEIOBATEIBHOCTH, MOTYT HMETh KIMHHYECKOE 3HAYEHHE TOJBKO NpPH HATWYUU
MPOSIBJIEHUN LICHTPAJIIbHOW BEHO3HOW TMIIEPTEH3UH y MMAIIUEHTA.

Kpome Toro, ucnonb3oBanue pacuetoB kodddunuenta ADC U BbICTaBIICHUE
KAaTerOpUH PUCKA PA3BUTHSI BEHO3HOM THMIIEPTEH3HUM SIBISETCS JOMOJHHUTEIbHBIM MP-
KPUTEPHUEM B TOJIb3Y CIABIMBAIOIIETO BO3AeHCTBUSA KD Ha OKpyXKawlme CTPyKTYpHI,
TaKhe Kak BOJOMPOBOJ, IJIACTUHKA YETBEPOXOJIMHUSI, TaIaMyChl, TaKe MPU OTCYTCTBUU
OKKJItO3MOHHOU ruapouedamuu. Tak, B rpynmne ¢ kpynHbiMu KO Oonee 10mMm, Ha
OCHOBAaHUM TIOCUUTAHHBIX KO3(PPUIMEHTOB U BBICTABICHHBIX KaTEropuil, ObLIO
BBISIBJICHO 8 YEJIOBEK C BBICOKOW KaTeropuen pucka pa3BUTHs BEHO3HOM runepreH3ut (3
u 4), uro coctanisieT 50% atoii rpynmnsl (Ilunosa A.B., AnanseBa H.U., JIykuna JI.B.;
2022, [5]). OTu naHHBIE OKa3alWCh CTATUCTUYECKH 3HAYUMBIMH TIO CPAaBHEHHUIO C
rpynmoi aun ¢ menko kuctoi (Menee 10 mm) u 6e3 KO. MHTEpecHO, YTO TOJBKO B
JAaHHOU rpynne ObUIM MAlUEHTHI C 4 KaTeropuei, B CpPaBHEHUH C TPYNIION MalMEHTOB C
kuctaMu MeHee 10MM M rpynmnoi ¢ OTcyTcTBHEM KHUCT. Hamo oTmMeTuTh, 4TO B psine
Clly4aeB y JUI[ 0€3 KHUCT WM C MEJIKOW KHCTOW MOTYT BBISBIATHCS MP-maTTepHbI
BEeHO3HOU rurnepten3un 1o qanusiMm DWI UII, uto, BeposiTHO, MOKET OBITh 00YCIIOBIIEHO
aHATOMHUYECKH OO0Jiee HHU3KUM COOTHOIIEHHUEM PACCTOSHUA MEXKIY TEKTalbHOU
IUTACTUHKOM-BAJIMKOM MO30JIMCTOTO TENA U TEJIOM KEJI€3bl, MJIM HHBIMU IPUYUHAMU. JTH
NALMEHThI TAKXKE HE UMEJIU KaKON-ITM00 HEBPOJOTMYECKONH CUMITOMATHKHU.

Hamu nanHble coBHaliM ¢ AaHHBIMUA JIMTEPATYpPbl O TOM, YTO HCIIOIb30BaHUE
CHEIUATBHBIX TPOTPAMM IO3BOJISIET OOJIee MPUIIETFHO H3Yy4YuTh MopdoTum dmudusa, a
Takke OoJiee NeTaJbHO H3YYUTh CTPOEHUE KPYIMHON KHUCThI M BO3/ACHCTBUE €€ Ha
okpyxatomue cTpyktypsl (El Damaty A., 2019; Maruani A.; 2019; IllumoBa A.B.,
AmnanbeBa H.W., Jlykuna JI.B.; 2022, [32]).

HekoTtopble aBTOpbI YTBEPKIAIOT, 4YTO KUCTHI MeHee 10 MM Kak y B3pOCIIbIX, TaK U
y JAered He TpeOyloT JalbHEMIIEro KOHTPOJS TMpPH OTCYTCTBUM HEOOBIYHBIX

PaIuOJIOTHICCKUX XAPAKTCPUCTHUK WJIN CBA3AHHBIX KIMHUYCCKUX CHMIITOMOB (Fakhran
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S., 2008). [pyrue aBTOpBHI yTBEepXKAaroT, 4yTo Tpu obOHapyxkenmn K3 HEoOXomumo
Ha3HAYUTh MOBTOPHOE UCCIEAOBAaHUE 4epe3 12 MecsleB sl OnpeaeaeHus JUHAMUKA
npoiiecca u auddepeHImanbHOl AMAarHOCTUKY ¢ IPpYyTUMH oOpazoBaHusimu (Storey M.,
2020).

C mnamel Touykd 3peHusd, B AuddepeHIuaIbHON JUArHOCTUKE KHUCTO3HBIX
oOpa3oBaHUll HEOOXOJIMMO TaK)Ke YUYUThIBaTh MP-naTTepHbl aTUTMYHBIX KUCT, XOPOIIIO
BbLsiBIsieMble Tpu SSFP-UIT u DWI nocnenoBaTenbHOCTH.

Taxxke BaxkHBIM KpuTepueM st IuddepeHmanbHON TUATHOCTUKU SIBIISIETCS
U3MEPEHUE PACCTOSHHUS MEXAY BAJIMKOM MO30JMCTOTO Tela M IUIACTUHKOU
yeTBepoxoimus. Pazmep 3Ttoro paccrosiuus Oosnee 10 MM, 1o HaiieMy MHEHHIO,
CBUJIETEIIbCTBYET O BO3MOKHOM BPOXKIEHHOM XapaKTEpEe KUCTHI, T.€. B 3TUX CIy4asXx
KHCTBI, BO3MOKHO, MPEACTABIISIIOT COOOM He3apalieHue TUBEPTUKYJA HIUIIKOBUIHOTO
Tena. BeposTHO, y 3TuX JroAe BO BpeMsi SMOpHUOIeHE3a OKpY)Karollee BEIIECTBO
TOJIOBHOTO MO3ra Kak Obl “mojcTpauBaeTcs’”’ MoJ pa3Mepbl cHOPMUPOBAHHON KHUCTHI.
[Ipu Oonee y3KOM pacCTOSHUM MEXKIY BajJMKOM MO30JIMCTOTO Tejla W IJIACTUHKON
yeTBepoxomMust (MeHee 10 MM) MOKHO MPEATNON0KUTh TPUOOPETEHHBIN XapaKTep KUCThI
snudusa.

[Ipu oOHapykeHUH y MalMeHTa MHOTOKAaMEPHOTO O0pa3oBaHUs WM HAIUYUS
HETUIIMYHBIX JUIsI TPOCTOM KHUCThI MP-XapakTepucTuk, Takux Kak CHWXEHHbIM MP-
CUTHAJI OT cojepkumoil kuctel Ha T2- m SSFP-UII, a Taxxke Hanuuue y3€IKOBBIX
YTOJIICHUH CTEHKU U TIPU3HAKOB BO3JIEUCTBHS Ha OKpYyXaroiue cTpykTypsl (Starke R.
M.; 2017), HeoOxoaumMo pekoMeH10BaTh MP-KOHTPOJIb 1151 OLIEHKU TUHAMUKHA Pa3MepPOB
KHCThl U U3BMEHEHHI €€ XapaKTEepUCTHK, Tak Kak He cymecTtByeT 100% yeTkoro crnocoba
nudepeHupoBaTh ATUMUYHBIC KUCTHI MU (PU3a OT OMyXO0JICH, BOSHUKAIOIINX B IAHHON
obnactu (Al-Holou W. N., 2010; Favero G., 2021). MP-kOoHTpOJIb JOJIKEH MPOBOAUTHCS
Mo/ HaOJIOJICHUEM JICUaIlero Bpada C Y4€TOM Kajao0 M BO3MOMKHBIX KIMHUYECKHX
nposiBieHnii. Kpome Toro, Heo0X0auMo JOMOIHUTE Tocienytoniee MP-uccnenoBanue
BBEJCHUEM KOHTPACTHOTO IIpenapara.

MP-Bokcenb-0a3upoBanHass MoOpGOMETPHs, SBISACH IMIUPOKO HCIOJIB3yEeMbIM

METO/10M 00padOTKK HEMpPOBU3YyaIu3alMOHHBIX uccienoBanuit (Tpydanos, I'. E.; 2013;
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Nemoto K., 2017; Makapos JI. M., Tlo3mmsxkoB A.B., 2021), Obuta B Hamem
WCCJICIOBAHUM WCIIOJb30BaHa IS H3y4eHHs MOP(OJOTHYECKHX OCOOCHHOCTEH
CTPOCHMS BEIIeCTBa roJIoBHOTO Mo3ra y ymi ¢ KD. JlaHHBIX B JUTEpaTtype O paHee
MPOBOJAUMBIX MOJOOHBIX HCCIENOBaHUAX HE HaijeHo. [lo momyyeHHbIM naHHBIM MP-
BBM Orb110 mokazano, uto juna ¢ KD UMerT y4acTKH YBEIHMYCHHUS TOJIIMHBI KOPHI B
TEMEHHBIX JOJISIX 000MX MOIYIIApUN, KaKIbIA U3 KOTOPHIX PACIIONOKEH B IIEHTPATIbHbIX
OTAeNax MOCTUECHTPAIBHON W3BWJIMHBI CJI€BA U BEPXHEW TEMEHHOW W3BWJIMHBI CIIpaBa
(IoHumoBa A.B., AnanbeBa H.U., JIykuna JI.B.; 2022). BeposiTHO, TaHHBIE M3MEHEHUS
CKOpee CBUJCTEILCTBYIOT O Bapua0EIbHOCTH HOPMAJIBHOIO CTPOCHHS BEIECTBA
TOJIOBHOTO MO3Ta y pa3inuyHbiX Jimil. OpHako 3akiaaka v (HOpMUpPOBAHME JaHHBIX
W3BWIMH MIPUXOJUTCS MPUMEPHO Ha OJIUH U TOT ke cpok recranuu (Tpodumona T. H.,
2018), yto MoOxkeT ObITb OOYCJIOBJIEHO BO3JACHCTBHEM TOPMOHOB, B TOM YHCIIE
MenaToHuHA. [{ns manbHEHIed OIEHKH 3HAYMMOCTHU 3THUX W3MEHEHUW IUIaHUPYETCS
YBEJIMYUTH BBIOOPKY JIMII C Pa3TUYHBIMU BUJAMU KUCTO3HOM TpaHchopmaluu snudusa
Y TIPOBOAUTH MEKIPYIIOBOM aHAIN3 y>KE HE B IBYX I'pyIIax, a B MATH.

OyukuuoHanbHass MPT nokos, mmpoko ucnoiib3yemast sl OUEHKU U3MEHEHUN
KOHHEKTUBHOCTH  OTJACJBHBIX YYaCTKOB TOJOBHOIO MO3ra TIPU  Pa3IUYHBIX
HEBPOJIOTHMUECKUX © rncuxuueckux 3aboneBanmsax (Kurtulus Dereli A., 2018;
Milton C. K., 2020; Tanaka T., 2021), a Takxe TpaBMax rojjoBHoro mo3ra (Koziarski A.,
2019) u B npenonepaunonHoM kaptupoBanuu (Majovsky M., 2018; Milton C. K., 2020),
0 JAHHBIM JINTEPATyphl paHEEe HE NPUMEHSUIACh ISl CPAaBHUTEIBHOTO aHalIn3a
KOHHEKTUBHOCTH Y JIMII C PA3JIMUHBIMU BapUaHTAMU CTPOEHUS dnudu3a.

B namem uccnenoBanuu nocie od6padotku gaHHeix GMPTn y nun ¢ KO 6butn
BBISIBJICHBl  JIOCTOBEPHBIE pPa3iMyusg B BHUJIE€ CHIXKEHUSI KOHHEKTHMBHOCTH B
byHKUHOHUpOBaHUM 6 paboumx ceTeit mokos, Takux kak Default Mode (ceTb maccuBHOTO
pexxuMa pabotel), SensoriMotor (ceHcoMoTOpHas ceTbh), Salience (CeTh BBISBICHHUS
3HaunMocTH), DorsalAttention (mop3anpHas ceth BHUMaHUs), FrontoParietal (vacts cetn
HCIIOJHUTENLHOTO KOHTposisi) u Language (si3pikoBasi ceTh). C MOMOIIBIO METOAUKH
aHanu3a (QyHKIMOHATBEHOM cBs3aHHOCTH obOnactedt uHTepeca (ROI-to-ROI) Owimm

MOCTPOEHBI KapThl KOHHEKTHMBHOCTH y Jul ¢ KD, Ha OCHOBaHMM KOTOPBIX OBLIO
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IPOJAEMOHCTPUPOBAHO YBEIMYCHHE KOJUYECTBA OTPULATENBHBIX (DYHKIHOHAIBHBIX
CBSA3€H, pacIOJIOKEHHBIX MEXKIY JJOOHBIMA U TEMEHHBIMU JOJISIMH OOOMX IMOJIYILApHi.
OTu gaHHBIE JEMOHCTPUPYIOT Hannuue y aull ¢ KO ¢yHKIMOHATbHOW KOHHEKTOMATHH
MEXIYy JIEBBIM W NPaBbIM MOJYIIAPUEM, NPEHUMYIUECTBEHHO MEXAY JOOHBIMH U
TEMEHHBIMU JO0JIAMH.

JloOHbIE fonM  pacmoJiaraloTcs KOepeaud OT UEHTpaJbHOW OOopo3asl U
o0ecnieunBalOT Takue (QYHKIUH, KaK JTUYHOCTHYIO MOTHBAIMIO, IJIAHUPOBAHUE U
UCIIOJIHEHHWE 1IeJI, a TaKXKe IlIeJieHaNpaBjIeHHOe TMoBeneHue. B JOOHBIX J0OJIsX
MPUCYTCTBYIOT HECKOJIBKO (DYHKI[MOHAJIBHO 3HAYUMBIX OT/EJIOB, TAKME KAK NEPBUYHASL
MOTOpHAs KOpa, KOTOpasi OTBEYAET 3a JIBMKEHUS BCEX YACTEN TEJa, PACIIOJIOKECHHBIX Ha
IPOTUBOINOJIOXKHOW CTOPOHE, MenuaiabHass JIOOHas KOpa, KOTOpas OTBEYaeT 3a
noOyX/JeHHue W MOTHBALUIO, OpOuTaidbHas JOOHas KOpa, KOTOpas OCYLIECTBISET
peryaupoBaHie COIMAIBLHOTO MOBEACHUS, a TakKe JopcoJiarepaibHas (poHTaIbHas
KOpa, KOTOpas BBIMOJHSET (PYHKIMIO, Ha3bIBAEMYI0 pabouell maMaTbio. AKTHUBHBIC
UCCJIEIOBAHMUSI AaHATOMUM (QYHKIHOHAIBHBIX cCBsizel ¢ momombio GMPT wu
KOHHEKTOMMKHU JIOOHOH JOJMU C MOMOUIbI0 AU((HY3UOHHO-TEH30PHBIX H300paKeHU
npoBoAATCs 1o HacTosiee Bpems (Catani M., 2019).

TemeHHblE [107M, KOTOpBIE MPETEPIIENN CaMble 3HAYUMBbIE HW3MEHEHHUS IO
CPaBHEHHIO C JPYTMMH JIOJSIMH 4Y€JIOBEKAa B X0J1€ KOTHUTUBHOMW 3Boonuu (Bruner E.,
2023), Taxxke HCIHOJHSIIOT MHOXECTBO pPa3HBIX 3HAUYUMBIX (YHKIMH, 3a KOTOpbIC
OTBETCTBEHHBI pa3HbIC yYaCTKH KOpbI. [IlepBuuHas comaTtoceHCOpHasi KOpa HHTETPUPYET
COMAaTOCEHCOPHYIO HH(OpMalMI0 W YYacTBYeT B IIpolleccax paclo3HaBaHUS W
U3BJICUYCHUs W3 TNaMaTu uHbopmanui o QopMme, mMacce U TEKCType MpPeaMETOB.
3a1He00KOBbIE OTENbl TEMEHHBIX J0Jei OoTBeuaroT 3a (OPMUPOBAHHME BHU3YaJIbHO-
IIPOCTPAHCTBEHHBIX OTHOUIEHWW. YTJOBas W3BUJIMHA OTBEYAET 3a CYET, IHUCHMO,
pas3uyue MpaBou U JEBOU CTOPOHBL.

Ho, kak u3BecTHO, 32 Kaxaylo (yHKIHIO MO3ra OTBEYaeT HE OJMH KOHKPETHBIN
y4acTOK KOpBI, a IEJbId MyJ HEHPOHOB, KOTOPbIE MOTYT OBITH PACIOJIOKEHBI B
pasnUYHBIX OTAeNax, oOpa3ys HeuWponHyro cetb (Herbet G., 2020). Cumxenue

KOHHCKTHBHOCTHU MCKIY JIOOHBIMH Y TEMEHHBIMHU A0JAMH HE MOJKCET TPAKTOBATLCA KaK
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MaTOJIOTHS, TaK KaK B HAIIy BEIOOPKY BOIUIN TOJIBKO YCIIOBHO 370POBbIE JOOPOBOJIBLIBI.
OpHako 3TU JaHHbIE MOATBEPKAAIOT HAIM4YKE y Jull ¢ KO HEKOTOpbIX 0COOEHHOCTEN B
(GYyHKIMOHUPOBAHUH T'OJIOBHOT'O MO3Ta, YTO PACIIUPSET HAIIM TPAHUIIBI TOHSATUS HOPMBbI
U ee BapuabenbHOCTH. B mepcrmekThBe AalbHEHIIMX HCCICNOBAHUN TUIAHUPYETCS
pacuputh BEIOOPKY Jinil ¢ KD 1 MpoBecTH UCCiieIoBaHuE C pa3/iesieHueM 100pOBOIIbIIEB
y’Ke Ha 0oJiblliee KOJIMYECTBO IPYIII MO MOP(HOIOrHYECKOMY CTPOCHHIO KEJIE3BI.

[Io nMaHHBIM 3KCHEPUMEHTAIBHO-IICUXOJOTHYECKOTO0 TECTUPOBAHMS 3HAYMMOE
pasnuyue MeXay TpynnamMu ObLIO MOTYYEHO TOIBKO N0 nmapaMeTpy «03a004eHHOCTh» B
OMPOCHUKE JIMYHOCTH «boJbIas maTepKa), 4TO TOBOPUT B MOJIb3Y CKIIOHHOCTH 3TUX JIUI]
OBITh MOIJIOUIEHHBIMH 3a00TaMH, MBICIISIMU O YeM-IM00, a TaKkXe BbIpaXkaTb TPEBOTY,
O€CIIOKOICTBO, YTO MOATBEP’KAAECT BBIABUHYTYIO B Hadajie MCCIIEIOBAaHUS TEOPHUIO O
JUYHOCTHBIX ocoOeHHocTax Jui ¢ KO. B rpynme ¢ KD konudecTBO dYenoBek ¢
CYOKJIMHUYECKOM TpeBOrol u jemnpeccuedl ObLIO0 Ooblle, OJHAKO CTATUCTHUYECKU
3HAUYMMOM PA3HUIIBI MEXK]y TPYIIaMH 110 TUM MapaMeTpaM BBISBICHO HE ObLIO.

[Ipy mnpoBeAeHUM HEHWPOIICHUXOJIOIMYECKOro OOCIe0BaHUsI B  pe3yJibTare
CpaBHEHUS TPYMI MO METOANKaM «AJNEHOpPYKCKasi KOTHUTUBHAS mikanay, « {udposas
KOPPEKTypHas Npo0ay, TECT MHTEUIEKTYaJlbHOIO MOTEHLHMANla M TECTa 3PUTEIbHOU
peTeHIMU beHTOHa CTAaTUCTUYECKM 3HAYUMBIX pa3IMUMiA  BBISBJIECHO HE OBLIO
(p>0,05).JIumb, mo pesynabratam Tecta Crpymna rpynmna jmi ¢ KO 3HaunMo ObicTpee
BBITIOJIHSUIA BCE TPU YAaCTU METOJUKH, a TAKXKE OTIMYAIUCh 00JI€e BHICOKUM YPOBHEM
rHOKOCTH TO3HABATEIBHOTO KOHTPOJISl, YTO MOXET OBITH CBSI3aHO € 00Jiee MOJIOJBIM
CpeIHUM BO3pacToM y 3toi rpymisl (30,5 51eT), mo cpaBHEHHIO C KOHTPOJILHOM (44 rona).
[Tpu ananm3e nmokazaTesns MCUXOJIOTMYECKON BepOaIbHOCTH 3HAUUMBIX Pa3JIMUUi MEXIY
JBYMSI TPyMIIaMU BBISIBJICHO HE OBLJI0. DTO 3HAYUT, UTO MO PE3yIbTaTaM MPOBEICHHBIX
METOJMK HE TMPEACTaBISETCS BO3MOXKHBIM OTHECTH pE3yJbTaThl HCIBITYEMbBIX K
KIIMHUYECKU 3HAYMMBIM, T. €. UX MOKA3aTEeJIN COOTBETCTBYIOT I'PYIIIE YCIOBHO 3I0POBBIX
UCIIBITYEMBIX.

[To ypoBHIO MellaTOHWHA B CIIOHE JaHHBIE CPEHUX 3HAYEHWM B TpyMIE JUI C

KHUCTOM 1 0€3 KUCTHI TAK)KE€ 3HAUMMO HE OTINYAINCh. XOTS HEOOXOIUMO OTMETHUTD, UTO,
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M0 JaHHBIM IIKaJIbl COHJIMBOCTH DnBopTa 9 yenoBek ¢ kpynHoi KD xamoBamuch Ha
JIETKYIO THEBHYIO COHJIUBOCTb.

Takum o00pa3om, B HameM uccienoBaHUM Oblia omnucaHa MP-ceMuoTHka
BapUAHTOB CTPOCHMs dnudr3a 1 00HAPYKEHBI N3MEHEHUS TOJIOBHOTO MO3ra (TTaTTePHBI
BEHO3HOW TUIEPTEH3HUH, CY>KEHHS BOJIONPOBOJA) MPH PA3IMYHBIX THUIAX KHCTO3HBIX
n3MeHeHu# osnuduza. Taxke ObUIM BBISBICHB (YHKIIMOHAJIBHBIE W3MEHEHHS MPHU
bMPTn y maneHTOB ¢ KUCTaMH, CBUACTEIbCTBYIOMNE O HATMYNNA KOHHEKTOMATHH CO
CHM)KCHUEM KOHHEKTUBHOCTH B PAa3UYHBIX CETAX IMOKOS, YTO KIMHHUYECKH MOXKET

MMPOABJIATHCA SMOIMUMOHAIIBHBIMU HAPYIICHUAMM.
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3AKJIFOYEHUE

Onudus3 — 3T0 OIUH U3 CaMbIX MAJOU3Y4YEHHBIX OPTaHOB B CTPYKTYPE TOJIOBHOTO
Mo3ra. HecMoTpssi Ha MHOTOBEKOBYIO HCTOPHUIO HM3y4YeHHUS Smudpu3a, ero QGyHKIUH
OCTaIOTCA 10 KOHIIA HE PACKPBITBIMU, HE COBCEM IOHATEH MAaTOreHe3 00pa30BaHUsS KUCT
smudu3a, He 10 KOHIA U3yUEHbI pa3JIMYHbIC TUIIBI €TO CTPOCHUSI.

K mnactosmemy BpemeHH, BbIpabaThiBaeMblii 3MU(U30M MENATOHHH, MOXHO
paccMaTpuBaTh Kak YHUKaJbHBIH OHOpEryiasiTop, aJanToreH M CcTabuiIu3aTop
JeATEIbHOCTH BCEro opranusMa u, B yacTHoctd, pyHkiuil [IHC. On urpaer BaxHyro
¢uznonornyeckyro M (HapMakoJIOTUYECKYI0 poOJib B IUIACTUYHOCTH HEUPOHOB U
HelponpoTeKuu. BpipaboTka 3TOro ropMoHa JOCTUTaeT MAaKCUMAaJIbHOM CTENEHU BO
BpeMsl Pa3BUTHsI MO3ra (JIE€TCTBO-IOHOILIECTBO), B TO BpEeMs Kak OHAa 3HAYUTEIIbHO
CHI)KAETCS B IIPOLIECCE CTAPEHUs, COCTOSIHUS, CBSI3aHHOI'O C N3MEHEHUEM PEXHMMA CHA U
CHIKEHMEM IacTuuHocTy HelpoHoB. [1o nanusiM KT u MPT snudus nperepneBaer ¢
BO3pAacTOM JIEr€HEPATUBHBIE M3MEHEHHMS, U BO3MOXXHO CBA3aHHOE C 3TUM CHWKECHUE
BbIPa0OTKH MEJIAaTOHMHA C Pa3BUTHUEM JECHUHXPOHO30B Yy moxuibix (AHanbeBa H.U.,
Jlykuna JI.B., Aunee E.B., 2021, [2]; AnanseBa H.U., Jlykuna JI.B., [llunosa A.B.,
2022, [7]). OTKpBITBI HEKOTOpPbIE SK30TE€HHBIE (HAKTOPHI, BIMSIONIME HAa YCKOpPEHUE
JIer€HepaTUBHBIX U3MEHEHUH snu(du3a, Takue Kak HU30bITOYHOE MoTpedieHue xkode u
nuuieBoro ¢propa. OaHAKO BIMSHUE CTPOCHMS 3MU(HU3a HA BRIPAOOTKY MEJTaTOHUHA 10
HACTOSIIIET0 BPEMEHHU HE U3YUYEHO.

OueHka cocTosiHusA 3MU@HU3a 10 CUX MOP BBI3BIBAET MHOXECTBO BOIPOCOB,
HEU3BECTHHI TOYHBIE MPUYMHBI €r0 KaJbLMHAIMM M KHCTO3HOM TpaHCHOpMaIiu.
M3BecTHO, YTO KUCTO3HAs TpaHc(hOpMalusg BCTPEUAETCS JOCTAaTOYHO  YacCTo.
PacnpocTpaHeHHOCTh OECCUMITOMHBIX KUCT Y B3POCIHBIX COCTaBIsEeT 0koJio 23%, a ux
pa3BUTHE, [0 JAHHBIM JIUTEPATYPbI, HOCUT Yallle BCEro J00pOKayeCTBEHHBIN XapaKTep.
Ho npu 3TOM B nuTepaType HET €IMHOTO MHEHHS O TAaKTHKE BEJEHHS MAllMEHTOB C

paznuuHbiMU Tuniamu K3, kak npu ciydaitHoit MP-Haxonke, Tak ¥ Npy NPEAbsIBICHUN
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NAIMeHTOM XapaKTepHbIX kano0. He 1o koH11a sICHO, C 4eM MOTYT OBITh CBSI3aHBI 5KaJ00bI
nanueHToB. [1lo HameMy MHEHHUIO, M 3TO MOATBEPKIACTCA U PE3YJIbTaTAMU HEKOTOPBIX
UCCIIEIOBAaHUM, Take KUCThl MeHee 10 MM B psle ciaydyaeB MOTYT CTaThb BO3MOYKHOU
MPUYMHON Pa3BUTHUSI BEHO3HOW TMIIEPTEH3UU, YTO, BEPOSITHO, MOXKET OBITh CBSI3aHO CO
CaBJIeHHEM OJI3JIexKaux BeH. J[o CUX op He YCTaHOBJIEHA POJIb HEOKKITIO3UPYIOIIHUX
KUCT »nuduU3a B Pa3BUTUMU TOJOBHBIX Ooyied M ap(EeKTUBHBIX PACCTPOMCTB, OJHAKO
HaliieHa Koppemsnus oO0bema snudu3a W HAIMYUA KUCTBI C Pa3BUTHEM MHOTHUX
HEBPOJIOTMYECKUX U MICUXUYECKHX 3a00ieBaHmil. B mpoiiecce HEKOTOPBIX UCCIIeI0OBAHUN
Obuta mpoBeAcHa SKCTpakiuss KD y CUMNOTOMAaTHYECKHMX MAIlMEHTOB U BBISBICHO
YIYYIIEHHE COCTOSHHS MX KadeCTBAa XWU3HU B IIOCJIECONEPALMOHHOM IEPHOJE, 4YTO
TOBOPUT B M0JIb3Y BO3MOYKHOW TAKTUKH BEJICHUS JAHHBIX MMAL[UECHTOB.

Ha ocHOBaHMM npOBEAEHHOTO HAMH UCCJIEA0BAHMS TOKA3aHO, YTO HAJTUYUE KUCThI
smudu3a aBisieTcs yacToil Haxoakou mpu MPT, uto coBnagaeT ¢ JaHHBIMU JTUTEPATYPHI.
Bcerpeuatores pa3nuuHbie BUJIbI KUCTO3HOW TpaHC(opMaIuu, Kak MEJIKOKUCTO3HAs, TaK
Y €JMHUYHBIE OJJTHOKAMEPHBIE © MHOTOKAMEPHBIE KUCTHI, KOTOPBIE, CKOPEE BCETO, UMEIOT
pasHoe mpoucxoxiaeHue. Craructuueckas o0pabOTKa TMOJYYEHHOTO MaTepuana
nokasaiya, 4ro kpynHasi KO BcTpeuaeTcss y maudeHToB 00Jiee MOJIOJOT0 BO3pacTa U He
3aBHUCUT OT 10JI4, & HAJIMYUE Y 3TUX MALUEHTOB CYKEHUS BOAOIPOBOAA U MTOBBILIEHHON
CTENICHU PHUCKA IEHTPAIbHOW BEHO3HOM THUIEPTEH3UH MOXKET OOYCIIaBIMBATh
KJIIMHUYECKUE TMPOSIBICHUS B BUJIC TOJIOBHBIX 0OJIeH, TOJIOBOKPYKEHUM U HAPYIICHUU
CHa.

[Ipu mnpeabsBICHUM MaIllMEHTaMHM >KaJlo0, YKa3blBAIOIIUX Ha IEHTPAJIbHYIO
BCHO3HYIO THUIIEPTEH3MIO, BBICTaBJICHME Karteropuum Ha ocHoBaHuu DWI u SSFP,
ABJISACTCS JIONOJHUTENBHBIM MP-KpuTepruem, KOTOpPBIA KOCBEHHO OTPAXKAET CTEIEHD
BO3JICMCTBUSI KUCTHI ANHM(PU3a Ha MpUJIekKalue CTPYKTYPhl K TUHEATbHOW 00J1acTH.

Hcnonb30BaHWEe paCHIMPEHHOrO IPOTOKOJA C BKIKOYEHHEM TPEXMEPHOU
UMITyJIbCHOW mnocaeaoBaTtesbHOCTH SSFP mpu Hammuuum kpynHoit KO  mo3Bonsier
ONTUMHU3UPOBATh JUATHOCTUKY MOP(OIOTHYECKOro THUIAa KHUCTBHI: 0oJiee J1eTalbHO
OIICHUTHh €€ CTPYKTypy, CHeNarh OoJjiee TOYHBICE H3MEPEHUS pPa3MEPOB KHUCTHI,

pPacCMOTPCTh 0COOEHHOCTH €€ CTCHKH, COACPKUMOTO KHUCT, BbIXOJda KHCTBI HA Kpaﬁ



115

snudu3a, BO3ACHCTBUS Ha TUIACTUHKY YETBEPOXOJIMHUS, BBIIBUTH IOKA3aHUSA IS
BBEJICHHSI KOHTpAacTHOro mnpenapara. [lodydeHHble AaHHBIE MO3BOJAT OOECIEYUTh
WHAMBUIYAJIbHBIN MOAXO0/ KIMHUIIMCTOB K IIPOTOKOJIY HAOJIOAECHUS TaKUX MAlUEHTOB.
[lo HameMy MHEHHIO, NTAIMEHTOB C MYJIBTUKMCTO3HOW IIMIIKOBUIHOM JKEIE30U CO
CMEILIEHUEM Kpasi 1enecooOpa3HO HaNpaBisATh Ha KOHCYJIbTALMIO HEBPOJIOra U
HEHpoXupypra JUisi HCKIIOYEHMS KJIMHMYECKH 3HA4YMMBIX IIPU3HAKOB HApYyIICHUS
BEHO3HOTO OTTOKAa M BO3MOYKHOI'O BO3JIEHCTBHUS HA IUIACTUHKY YETBEPOXOJIMHUS B BHJIE
cunapoma Ilapuno.

B Haile uccnenoBanue OblUIM BKJIFOYEHBI JHIIb YCIOBHO-310POBbIE JOOPOBOJIBIIEI,
KOTOPBIE CTPOTO COOTBETCTBOBAJIM ONPEIEIEHHBIM KPUTEPHUAM, HE UMEIU KIMHUYECKON
CUMITOMATUKU U HE MPEIbSBIUIN KaKUX-THO0 Kano0, KOTOpble ObLIN pa3zesieHbl Ha 2
TPYIIbl MO0 MOP(OJOrHYECKOMY CTPOEHHUIO »nu(du3a Ha ocHOBe AaHHBIX MPT: 0e3
KHCTO3HOM TpaHchopmanmu snudu3a U ¢ HanuuueM KUcTbl. OOenM rpymnnaM BIIEpBbIE
ObLT IPOBEICH TPYIIOBOM aHAIN3 C LEJIbIO CPABHUTEIBHON OLEHKH MOP(OJIOTHIECKUX
U (QYHKUMOHAJIBHBIX OCOOEHHOCTEH TOJIOBHOIO MoO3ra A0 JAaHHbIM MP-Bokcelnb-
0asupoBaHHOI MOphomeTpun U pyHKIHOHATEHOM MPT mokost.

[To nanabIM TUTEpaTypbl MP-MOphoMETpus paHee UCTIONB30BaIaCh IJIs U3YUEHUS
00BbeMOB 3nu(uU3a U €ro CBSI3U C JPYTMMM ydyacTKaMu ToJOBHOro mosra. Ha ocHoBe
MOp(OMETPUYECKUX JTAaHHBIX OBLIM ClIEJaHbl BBIBOJbI O JUHEMHOM CHM)KEHHU 0O0beMa
HIMIIKOBUAHON KeJie3bl C BO3PACTOM, YTO MOKA3aJI0 CXOACTBO C MPOQPUIEM CTapEHUS
OOJBILIMHCTBA APYTUX CTPYKTYp ToJIOBHOrO Mo3ra. Ha ocHOBe Hammx JaHHBIX Oblia
MOoKa3aHa 0COOEHHOCTh CTPOCHUSI TEMEHHBIX JoJiei Jiull ¢ KO B Bujie HaIu4usi y4acTKOB
YTOJILEHHS] KOPBI B MMOCTUEHTPAIBHONW M BEPXHEW TEMEHHOW M3BHIIMHE, YTO TOBOPUT O
BapuadEITbHOCTH HOPMBI.

PesynbraTel npoBeaeHHo (GMPTn mnoka3piBaloT Hamuyue (QyHKIUOHAIBHOU
KOHHeKTomatuu y Jui ¢ KD, 4yTo Hamuio cBoe OTpaXxeHHe B OCOOEHHOCTSIX
(YHKIIMOHUPOBAHUS TOJIOBHOTO MO3ra, MOJATBEPKIECHHBIX HA OCHOBAHUU PE3YJIbTaTOB
AHKETUPOBAaHUS M HEHWPOIICUXOJIOTMYECKOr0 TecTupoBaHuA. OAHAKO, YYHUTHIBas
MOIIHOCTh BBIOOPKHM JaHHbIE M3MEHEHHsI TakKe€ MOXXHO HMHTEpPIPETUPOBATH Kak

BapI/Ia6eJ'IBHOCTB HOPMBI. I[J'ISI YTOUHCHHUSA KIIMHHUYCCKOTO 3HAUCHHA ICPCIICKTHBHBLIM
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IpeCTaBIsIeTCs AajbHEelIIee U3ydeHHe POId U BIUSHUE MOP(POIOTUIECKOTO CTPOCHUS
amudpu3a Ha KOHHEKTUBHOCTD OTJEIBHBIX 30H TOJIOBHOTO MO3Ta B COCTaBE Pa3IMYHBIX
CeTel MOKOsI, YIUTHIBASI «[EHETUUYECKYIO» TEOPHUIO Pa3BUTHsI KUCT MU duU3a.

[lo pe3ynbraram paclIMPEHHOrO AHKETHUPOBAaHUA, B BHUJE CaMOOIPOCHUKOB
«AHKeTa JIMYHOCTHBIX XapakTepUCTHK», «OmnpocHuk Cnunbeprepa», «MHaekc
oO1iero/xoponiero caMouyBcTBus», «lllkana connuBocTu OnBopTay, «l ocnuTaibHas
mKana TpeBOru u aenpeccun» u «llcuxosornuecknii ONPOCHUK JUYHOCTH «bosbiias
MATEPKa», CTATUCTUYECKU 3HAYUMOE OTJIMYUE MEXAY IpynmnamMu ObLUIO MOJIYYEHO JUIIb
no napametrpy «0O3a004E€HHOCTb» B IOCJIEIHEM TECTE, YTO MOJATBEPKIAAECT JAHHBIE O
MICUXOJIOTUYECKON 0coOeHHOCTH Jinll ¢ KD npuBoMMEbIe B TUTEpaATypE.

[Ipu aHanu3e pe3ysibTaTOB HEWPOICHXOJIOTHYECKOrO OOCIEIOBAaHUS MEXKIY
rpynmnaMmu npu nposeaeHun tecta Crpyna rpynma aui ¢ KO OsicTpee cnpaBuiiach ¢
BBIMIOJITHEHUEM IIE€pPBOM, BTOPOM U TpeThell mpoObl, a Takxke uMena 0oyiee BBICOKUN
noKa3aTeilb T'MOKOCTH/PUTHIHOCTh IIO3HABATEIBHOTO KOHTPOJS, YTO MOXET OBITh
CBSI3aHO C 0oJiee MOJIOJIBIM CpelHMM Bo3pacToMm rpymmbl jui ¢ KO (31,5 ner) B
CpPaBHEHUHU C KOHTposbHOHM (44 roxa). [Ipu mpoBeneHHH TECTOB MHTEJUIEKTYaJIbHOI'O
noTteHnuana, tecta bentona, I{udpoBoil KoppekTypHOH NpoObl U ANIEHOPYKCKOMN
KOTHUTHBHOM Kbl 3HAYMMBIX PA3IMYUil MEXITy TPyIIIaMu BBISIBICHO HE OBLIO.

Pe3ynbrarel OMOXMMHMYECKOTO TECTHUPOBAHMSI HE TOKa3aJd CBA3M MEXIY
HaJM4YMEeM KHCTbl M YPOBHEM MEJIAaTOHHWHA B CIIIOHE, YTO TOBOPUT OO0 OTCYTCTBUU
11€JI€CO00Pa3HOCTH BKJIIOUEHUS B MPOTOKOJ o0cienoBanus MDA Ha MenaToHuH.

[TauueHTbl ¢ KpynmHOM KUCTOM »smnudu3a, HE BBI3BIBAIONICH OKKIIO3HOHHYIO
ruaporedainio, 00paarTcsa He TOJbKO B HAIlle MEAUIIMHCKOE YUPEXKIEHHUE C xKano0aMu
Ha TOJIOBHYIO 0OJIb, MOBBIILIEHHYIO JHEBHYIO COHJIMBOCTh, TOJOBOKPYKEHHUS, HO U TIO
BCE CTpaHe, YTO BbI3bIBAET HEOOXOUMOCTh CO3/IaHUs OaHKa JaHHBIX TAKUX MALMEHTOB.
Cosznanue Takoit 6a3bl MO3BOJUT BEIPAOOTATh CTAHIAPT 00CIICIOBAHNS, TAKTUKY BEICHHUSI
TaKUX MAlMEHTOB, & TAK)XXE B3aUMOJEHCTBUE CIELHUAIUCTOB B PA3IUYHBIX PErHMOHAX
CTpaHBbI.

B cBs3u ¢ HEOONBIIONH BHIOOPKONW W HAMMYUEM OOJBIIOTO YHCHIA Pa3IAYHBIX

MOPGOTHUTIOB CTPOCHHUSI AU (PHU3a MHOTHE BOMPOCHI OCTAIUCH 10 KOHIIA HEM3YYEHHBIMU.
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JlanpHeinmasi mepcrnekTuBa pabOThl HAA ATOW TEMOW MPEACTABISIETCS HaM B BHIIC
pacipeHust BBIOOPKH MAIMEHTOB C KPYIMHOM KUCTOM snudu3a nuamerpom 6oiee 10 mm,
C HaJW4YMeM XapakTEpHBIX >Kajo0 M 0e3 MPU3HAKOB OKKIIO3MOHHOW THApOIe(aTHH.
HeoOxoaumo mpoBecTH TaKUM MalieHTaM KOMILIEKCHOE 00cieZIoBaHrE B BUIE OCMOTpa
HEBPOJIOra, AKCHEPUMEHTAJIbHO-TICUXOJIOTUYECKOTO, HEHUPONCHUXOJIOTUYECKOTO
oOcnenoBanusi, MP-uccienoBanus 1O PacHIMPEHHOMY MPOTOKOJY, TPOU3BECTH
NPULIETBFHYIO OLIGHKY CTPOEHHUS KHCTHI AMH(U3a, BO3ACHCTBUS Ha OKpPYKAIOIIHME
CTPYKTYpBI, OlIeHUTh MP-nipr3HaKku BEHO3HOM rUNIEPTEH3UHU U BEIPA0OTaTh JalbHEHIITYIO
TaKTUKY HaOJIOJEHUS 32 TAKUMH MAlIMEHTaMH, KPaTHOCTh M YacTOTy mpoBeaeHus MP-
WCCIICIOBAHMS.

Pacimpenue BBIOOpPKM MO3BOJMT 0Oo0jiee JAETadbHO BBIACIUTH OCOOEHHOCTU
CTpoeHHus dMnu(du3a W BapUAHTHl KHUCTO3HOM TpaHC(POPMALMHU MPU BPOXKICHHOM U
npuoOpeTeHHOM XapakTepe wu3MeHeHui. IIpeacraBnsercs BaKHbIM BKIIIOYUTH B
NaJbHENIIee UCCIEI0BaHUE U TPYNIy JAeTed, YTOObl U3yUYUTh OCOOEHHOCTU CTPOCHHUS
sanu(ur3a U ero KNCTO3HON TpaHc(popMaluy B IETCKOM BO3pacTe.

VYuuThIBas yyacTHE MEJIATOHMHA B CEPOTOHMHOBOM OOMEHE, HaM MPECTaBISAETCS
BaKHBIM 00Jiee THIATEIbHO M3YYHUTh CBSI3b PA3IMUYHBIX (DEHOTUIIOB KHUCT 3MHU(U3a C
JPYTMMH OMOXUMHUYECKUMHU MOKa3aTelsiMU, HEUPOIICUXOJOTHYECKUMH O0COOEHHOCTSIMHU

WHIUBUIYYMOB U MOP(HODYHKIIMOHATEHBIMU OCOOEHHOCTSIMH CTPOCHHSI TOJIOBHOTO

mosra uenoBeka (I1Iunoa A.B., Ananbea H.U., JIykuna JI.B., 2022, [35]).
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BbIBO/IbI

1. Pa3paborannpiii MP-npoTokon ¢ BKIIOYEHHEM TPEXMEPHOM HWMITYJILCHOU
nocnenoBareabHocTH SSFP mpu HanmuumM KpymHOM KHUCTHI SMH(HU3a MO3BOJSET Oojee
JIETaIbHO OLIEHUTh CTPYKTYpY dnudusa, caenarb 0o0jee TOUHbIE U3MEPEHHS pa3MepoB
KHCTBI, YTOYHUTh OCOOEHHOCTH €€ CTEHKH, COJIEPKUMOTr0 KHCT, BbIX0J1a KUCTBI Ha Kpau,
BO3JICHICTBHE HA IJJACTUHKY YETBEPOXOIMHUSL.

2. Kucroznas Tpanchopmanus osnuduza Obula BBISIBIEHA Y  3J0POBBIX
n00poBobiieB 1o naHHbIM MPT B 53% cnydaes.

3. K MP-narrepHam ctpoenust snudusza y 370pOBBIX JOOPOBOJIBLIEB OTHOCST
CJIEIYIONTUE BApUAHTHI: OTCYTCTBUE KUCTHI — 70 uen (47%), eqmuHuyHas Kucta — 26 den
(17,5%), MyIbTUKUCTO3HAS ITUIITKOBUIHAS *Kene3a (0e3 yBenuueHus ) - 26 ven (17,5%),
MYJBTUKUCTO3HAs MIMIIKOBUIHAS jKeJie3a (C yBeIrMueHueM 0e3 cMelleHus Kpasi) — 9 uen
(6%), MyIBTUKHCTO3HAS IIUIIKOBUIHAS Keje3a (C YBEJIIMYEHUEM U CMEUIEHUEM Kpast) -
18 (12%)).

4. Ouenka MP-npu3HakoB IIEHTpaIbHON BEHO3HOW TMIIEPTEH3UU, PACCUUTAHHBIX
Ha OCHOBaHUU Tanamuyeckoro kodd¢unuenta (Talamic ADC Ratio) u miactuHuaTo-
BaJIMKO-KUCTO3HOTO  Koddduimenta  (tectum-splenium-cyst — ratio),  SIBISIFOTCSA
JIOMIOJTHUTENIbHBIM MP-KpuTEepreM, KOTOpPbI KOCBEHHO OTPa)KAE€T CTENEHb BO3ICHCTBUS
KHUCTBI AM(HU3a HA MPUIISKAILME K MUHEATbHON 00JaCTH CTPYKTYPHI.

5. ¥Ynun ¢ xkucto snudusa BBISBISIOTCS 30HBI YBEIMYECHHS TOJIIMHBI KOPHI B
00erx TEeMEHHBIX JOJIAX, MO JaHHbIM MP-Bokcenb-0a3upoBaHHON MOP(POMETPUHU, UTO
CKOpee CBHJETEIbCTBYET O BapHaOEIbHOCTH HOPMAJIBHOTO CTPOEHUS BEIleCTBa
TOJIOBHOI'O MO3ra Y Pa3JIMYHbIX JIUI] U HE SIBJIIETCS KIIMHUYECKU 3HAUUMBIM.

6. [TaunreHTsl ¢ KUCTOM »3nudu3a B CPAaBHEHHUM C KOHTPOJIBHOW TIpyHIou
OTIMYAIOTCA HaMYMeM (YHKIIMOHATHHOW KOHHEKTOMATHUW 1Mo naHHbiM GMPTn, gto
HAllUIO CBOE OTPaXEHHE B OCOOCHHOCTAX (PYHKIMOHUPOBAHMS TOJIOBHOTO MO3ra,
MOATBEPKACHHBIX Ha OCHOBaHUH pE3YyIBTATOB AHKETUPOBAHUS u

HeﬁpOHCI/IXOHOFI/I‘{eCKOFO TCCTUPOBAHUA.
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I[TPAKTUYECKHUE PEKOMEH/JJALINNA

1. Ilpu BbIsSIBIEHUU KUCTHI AMU(pU3a B MPOTOKOJ HCCICIOBAHUS JIOJDKHA OBITh
BKJIIOUEHA TPEXMEpHasi UMIYJIbCHAs mocieaoBaTeabHOCTh SSFP.

2. Hannuue atunuyHoi popMbl KUCTHI dnMdur3a Wi ee 00bIIon pasmep (bosee
10 mm) TpeOyeT TuHAMHYECKOT0 HaOII0IeHUS

3.1lpyu Hammuum MP-naTTepHOB LEHTPAIBHOW BEHO3HOW THIIEPTEH3UH Y
NAIMEHTOB ¢ KUCTOM anudu3a TpeOyeTcss TMHaMUYecKoe HaOI0/IeHne U 00s3aTeNIbHbIN
OCMOTp HEHPOXUPYpra M HEBPOJIOTa HAa HAJIMYME CKPBITHIX MPU3HAKOB HAPYIICHUS
BEHO3HOI'0 OTTOKA M BO3MO>KHOT'O BO3/CICTBUS HA IUIACTUHKY YE€TBEPOXOIMHUSL.

4. JIuua ¢ kuctoil anudu3a UMEIOT s ICUXOJIOTUYECKUX OCOOEHHOCTEN, TO3TOMY
B IPOTOKOJ HX OOCIEAOBAaHMS AOHKHO BXOAUTH IPOBEACHHE 3KCIEPUMEHTAIBHO-
IICUXOJIOTMYECKOTO 00CIIEeI0OBaHMUS.

5. Ilpu BBISIBIIEGHUH KUCTO3HOU TpaHc(opManuu snudu3a UCCIeT0BAHUE YPOBHS

MCJIaTOHHMHA B CJIIOHC HC HGHCCOO6pa3HO.
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CIICOK YCJIOBHBIX OFO3HAUEHMI

K3 — kucra snudusza

MPT — marHuTHO-pe30HaHCHasi TOMOTrpadus

KT — xomnbroTepHas Tomorpadus

BO3 — BecemupHast opranusanus 34paBoOXpaHEHHS

GMPTn — dpyHKIIMOHATBHAS MATHUTHO-PE30HAHCHASI TOMOTpadusi MOKOS

MP-BBM — MP-Bokcenb-0a3upoBanHast MoppomeTpust

OBM — 3J51eKTpOHHAS BBIYMCIUTENbHAS MallIMHA

AN — AnnieHOpyKcKast KOTHUTMBHAS IIKaJIa

IMHC — nenTpanpHas HEpBHas CUCTEMA

TR — repetition time — BpeMsi IOBTOPEHUS

TE — echo time — Bpems 3x0

FoV — field of view — mone o03o0pa

Sg — sagittal — caruttanbHas MJIOCKOCTh

Ax — axial — akcuanabpHas IOCKOCTh

FLAIR — fluid attenuated inversion recover — MocCJieI0BaT€IbHOCTh UHBEPCHUSI-
BOCCTAaHOBJICHHE C JIJTMHHBIM BPEMEHEM UHBEPCUH

HEMO — T2*-weighted gradient echo — nocnenoBarenbHOCTh TPAJUEHTHOTO 3XO-
CUTHAJIa

DWI — diffusion weighted images — nud dy3noHHO-B3BEIICHHBIE N300PKEHUS

ADC — apparent diffusion coefficient — koapuruent pecrpukunn nuddys3un

TI-MPRAGE - 3D wumnyibCcHasi NOCIEIOBATENIbHOCTh C IPEABAPUTEIbHBIM
HaMarHUYMBaHUEM WHBEPCHOHHBIX UMITYJICOB

SSFP — steady-state free precession — UMITyIbCHasI TOCJIEIOBATEILHOCTH BBICOKOTO
paszpeleHus, MocpeICTBOM cuiibHOro T2-B3BenieHHOro 3D rpaueHTHOro xa

BOLD - blood oxygenation level dependent imaging — nzo0paxeHue, 3aBUCUMOE
OT YPOBHSI OKCUTE€HAIIUU KPOBU

Flip — yros noBopoTta ocu mpoTOHa BOJOPO/Ia IPU PaIMOYaCTOTHOM HUMITYJIbCE

ROI — Round of interest — 30Ha uHTEpeca
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26 | K-oBH.A. |amb 36 61 T-sa U.A. | am0 26
27 K-sa B.A am6 55 62 T-sa H.B. | am0 47
28 | JI-xo E.Il. | am0 31 63 T-sa A.M. | am0 28
29 | JI-oBT.O. |amb 30 64 B-Ba A.B. | am0 49
30 | Jl-es H.b. am6 27 65 B-ep A.B. | am0 34
31 JI-ea JILM. | am0 37 66 B-xo ZI.A. | am0 43
32 JI-urn A.B. | am0 55 67 3-oB JI.B. | am0 44
33 | M-oBC.H. |am06 44 68 3-oB K.B. | am0 47
34 | M-nii C.1O. | am6 48 69 3-sa EM. | am0 23
35 | M-eB A1O. | am0 58 70 3-ea O.A. | am0 45
71 ®-sa M.B. | am0 30 111 | JI-ua A.C. | am0 23
72 | T-BaM.M. | am0 34 112 | O-oB U.A. | am0 52
73 | U-eaH.B. |amb 69 113 |II-ma T.A. | am0 49
74 | K-as T.B. amo 58 114 | II-ea I.B. | am0 38
75 | K-BaA.C. |amb 26 115 | l-ga C.K. | am0 44
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76 | K-na P.C. amo0 20 116 | C-as O.10. | am0 40
77 | Jl-aa A.C. | am0 27 117 | C-oB U.K. | am0 35
78 JI-nii FO.A. | am6 30 118 | Y-naH.H. | am0 65
79 | JI-na L.IO. | am6 28 119 | B-ko C.IO. | am0 28
80 M-Ba O.T. | am0 34 120 | Y-ux H.U. | am0 69
81 M-un H.C. | am0 27 121 | ®-na amb6 52
M.A.
82 | M-uu BM. | am0 45 122 | C-0oB IO.B. | am0 68
83 H-Ba A.Il. | am0 30 123 | I'-eaM.B. | am0 42
84 II-ko A.A. | am0 28 124 | K-oB C.H. | am0 68
85 |Il-ma H.®. | am6 24 125 | P-ea A.Il | amb 24
86 | P-sa A.H. am6 30 126 | -na am0 44
n.n.
87 | ll-oB JI.A. | am0 27 127 | I'-mii 1.B. | am0 18
88 [lI-ea E.B. | am0 54 128 | H-oB M.P. | am0 25
89 |C-enE.M. | am0 59 129 | O-Ba A.O. | am0 20
90 | C-tok M.M. | am6 31 130 | Y-ma AT. |am0 27
91 C-na A.P. am6 32 131 | C-BaM.JI. | amb 23
92 | T-8aO.b. amb6 36 132 | A-oB AJL. | am0 55
93 | ®-BaJlL.M. |amb 66 133 | b-an C.E. | am0 30
94 | 3-eB3.A. amo0 35 134 | B-ua H.I'. | am0 42
95 | A-BaM.A. | am0 30 135 | K-e C.A. | am0 36
96 | C-oBP.B. amo0 26 136 | T-oB M.C. | am0 24
97 | A-ee A.H. |am0 45 137 |3-BaM.C. | am0 27
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98 | b-ua L.H. | am0 56 138 | A-ee E.B. | am0 27
99 b-un H.C. | am0 28 139 | b-uxkI'"'A. | am0 23
100 | b-Ba E.A. am6 64 140 | b-eaC.H. | am0 36
101 | b-ya TM. | am06 24 141 |I'-BaP.B. | am0 36
102 | I'-Ba E.E. am6 22 142 | M-xo T.W. | am0 50
103 | U-oB A.b. | am0 28 143 | [I-ea A.B. | am0 27
104 | K-yn H.T'. amM0 25 144 | ll-eq B.C. | am0 27
105 | K-uc /. aM0 40 145 | C-ux M.H. | am0 42
106 | K-ucJ.B. | am6 37 146 | T-eaO.A. | am0 23
107 | X-uit A.C. | am6 28 147 | B-eaB.B. | am0 50
108 | JI-ea E.B. am6 50 148 | B-un 3.I'. | am0 18
109 | JI-oB M.B. | am6 37 149 | C-aE.A. | am0 39
110 | JI-oB A.A. | am0 39
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INTRODUCTION

Relevance of the research topic

With the introduction into practice of neuroimaging methods, primarily magnetic
resonance imaging (MRI), it became possible to assess in detail the structure of different
parts of the brain and variants of their structure (Ananyeva N. 1., 2015; Neznanov N. G.,
Ananyeva N. L., 2018; Trofimova T. N., Khalikov A. D., 2017; Efimtsev A. Yu, 2019;
Pozdnyakov A. V., 2021; Fokin V. A., Trufanov A. G., 2021).

The pineal gland or epiphysis cerebri has begun to attract special attention, as an
organ directly involved in the regulation of human biorhythms, which is determined by
the production of the hormone melatonin, as well as the close neuroendocrine mediation
with hormonal and neurotransmitter activity. (Kennaway D. J., 2019).

With the widespread using of MRI of the brain in routine practice, pineal gland
cysts (PGC) have become increasingly common and their genesis is still largely unclear,
as are their clinical significance, follow-up approaches, frequency of follow-up
examinations and prognosis.

The pineal gland is a neuroendocrine gland that is one of the most understudied
glands of internal secretion. The main function of the pineal gland is to convert the
incoming signal from the retina into a neuroendocrine response in the form of the
production of mainly melatonin, but also serotonin and N, N-dimethyltryptamine
(Aulinas A., 2019; Gheban B. A., Rosca l. A., 2019).

Melatonin has a direct effect on the hypothalamic-pituitary system and a decrease
of its levels leads to suppression of gonadotropins, corticotropin, somatotropin, and
thyrotropin.

The hypothalamic-pituitary-adrenal axis, on top of which is the pineal gland, plays
a key role in maintaining homeostasis and rapid adaptation to the environment, and also
plays an important role in individual emotional regulation, behavioural control and
cognitive functions (Evans R. W., 2010; Aulinas A., 2019; Long R., Zhu Y., 2019;
Gheban B. A. et al., 2021).
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The role of PGCs and their effects on melatonin synthesis and the development of
sleep disorders and desynchronosis are still unclear.

PGCs on MRI are present in 25-40% of cases, according to the literature
(Semicheva T. V., 2000; El Damaty A. et al., 2019; Gheban B. A. et al., 2021). Cystic
transformation of the pineal gland is considered to be a morphological variant of the
structure, which until now cannot be clearly attributed to the norm or pathology.

PGC is more frequently visualized in women than in men, which some authors
attribute to the presence of the menstrual cycle and hormonal changes during pregnancy,
which is more common around the age of 30 (Choy W., 2011; Gokce E., 2018; Han Q.,
2018; Storey M., 2020).

In a study of children with PGC, it has been confirmed that girls have PGC more
frequently than boys, and that cyst diameter tends to be larger in older girls than in
younger ones. However, no gender correlation with PGC growth has been found
(Jussila M., 2017). Some researchers also do not rule out a role for PGC in precocious
puberty in girls (Filippo G. D., 2022).

Of the radiological methods of investigation in the examination of the brain,
computed tomography (CT) is currently used less than magnetic resonance imaging
(MRI). It is the "gold standard" for imaging the pineal region of the brain (Berhouma M.,
2015; Sirin S., 2016; Abramov 1. T., 2017; Gheban B., 2021; MayolDelValle M., 2022).

In addition to standard pulse sequences, modern neuroimaging techniques, such as
MR-voxel-based morphometry (MR-VBM) and resting state functional MRI can be used
to study morphological and functional changes in brain substance (Makarov L. M.,
Pozdnyakov A. V., 2021; Iskhakova E. V., Fokin V. A., Trufanov A. G., 2021;
Bukkieva T. A., Chegina D. S., Efimtsev A. Yu., 2019; Novikov V. A,
Pozdnyakov A. B., 2017).

Level of development of the topic

In Russia there are unfortunately no official statistics on cystic changes in the
structure of the pineal gland, their gender and age distribution. There is only a single
literature review on this topic, which describes the presence of PGC in only 5% of a group

of more than 5000 subjects (Balyazina E. V., 2022).
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The World Health Organization (WHO) has revised now the classification of brain
masses, which allows differentiation between epiphysial masses on the basis of
morphological, immunophenotypic, genetic and clinical features (Favero G., 2021).
However, a heterogeneous group of tumours, such as pineoblastomas, astrocytomas and
pineocytomas of the pineal gland, can present a typical cystic structure on MRI of the
brain, which sometimes presents difficulties for differential diagnosis and further
management (Fakhran S., 2008, Zaccagna F, 2022).

Most cases of PGC are thought to be asymptomatic, but these patients suffer often
from headaches, dizziness, sleep-wake cycle disorders and borderline psychiatric
disorders (DelRosso L. M., 2018; Tan D. X., 2018; El Damaty A., 2019).

The role of large PGCs in the development of headaches and affective disorders,
which don’t cause occlusive hydrocephalus, has not yet been established, but a correlation
of pineal gland volume and cyst presence has been found with the development of many
neurological and psychiatric disorders (Matsuoka T., 2018; Atmaca M., 2019;
BastosJr M. A. V., 2019; Maruani A., 2019; Takahashi T., 2019; 2020; 2021;
Gorguli F. F., 2021).

A number of papers have noted that patients with PGC have an individual
psychological feature such as increased situational anxiety, which may be due to
decreased melatonin production with morphological changes in the gland
(Carpenter J. S., 2017; Huang F., 2017).

Phase-contrast MRI study has shown that patients with large non-occlusive cysts
have a significant reduction in pulsatile velocity (Bezuidenhout A.F., 2018). Removal of
PGCs in symptomatic patients has been shown to improve their quality of life in the
postoperative period, suggesting a possible management tactic for these patients
(Pitskhelauri D. 1., 2019; El Damaty A., 2019).

The evidence in the literature for the assessment and management of cysts is sparse
and contradictory. Some studys show that cysts less than 10 mm in both adults and
children do not require further follow-up in the absence of unusual MR features or

associated clinical symptoms (Gokce E., 2018).



147

Other authors argue that if a PGC is detected, a repeat examination should be
scheduled after 12 months to determine the progression of the process and differentiate
diagnosis with other masses (Storey M., 2020). However, non-tumoural PGCs and typical
pineocytomas grow extremely slowly and follow-up MRI usually does not help in the
differential diagnosis (Osborn A. G., Preece M. T., 2006).

The lack of clearly defined management and follow-up of such patients necessitates
further research into PGC and the development of a management algorithm and MR
imaging protocol, provided no other pathological changes in the structure of the brain are
detected during the examination.

Purpose of the study

To study structural and functional features of the brain as revealed by magnetic
resonance imaging in patients with pineal gland cysts to determine their clinical
significance and improve the accuracy of neuroimaging.

Research objectives

1. To develop a protocol for MR scans of the brain in the presence of a pineal gland
cyst

2. To clarify MR patterns of pineal gland variants in healthy volunteers.

3. To assess the indirect MR signs of central venous hypertension in patients with
different types of cystic transformation of the pineal gland.

4. To compare changes in brain structures in individuals without and with the
presence of cystic transformation of the pineal gland according to MR voxel-based
morphometry.

5. To clarify the functional connectivity of the brain in people with different
variants of the pineal gland by rs-fMRI data.

Scientific novelty of the study

For the first time in Russia was carried out a study of pineal gland structure variants
in a group of 149 conditionally healthy volunteers, their gender and age distribution. This
sample was divided into approximately 2 equal groups: 70 subjects had MR evidence of
normal pineal gland structure (control group), and 79 subjects had various types of cystic

transformation of the pineal gland (treatment group). The predominance of large cysts
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was shown in the group with an average age of 35 years or less, which is a reason to
investigate the pineal region more closely in this population, especially in the presence of
clinical manifestations in the form of headaches, dizziness, sleep-wake disorders, etc.

Neuroimaging, psychological, neuropsychological and biochemical data were also
compared with the control group. Neuroimaging techniques, such as MR-VBM and rs-
fMRI, were used to show the morphological and functional features of the brains of
individuals with PGC.

A team of the department (Ananieva N. 1., Lukina L. V., Shilova A. V., 2022, [18])
obtained patent database (No. 2022621663 dated 2022) for a designed to collect
morphometric indicators of brain structure volumes obtained using MR-voxel-based
morphometry in individuals with different types of morphological structure of the pineal
gland. A comparative analysis of the morphometric database of individuals with PGC
revealed statistically significant areas of cortical thickening in both parietal lobes
compared to the group with normal pineal gland structure.

The need and benefits of high-resolution thin-slice pulse sequencing (SSFP) in
persons with PGC have been shown to improve the assessment of cyst size, MR
characteristics and the degree of impact of the cyst on surrounding structures.

The processing of rs-fMRI data in individuals with PGC showed the presence of
functional connectopathy in the form of increased negative connections between the
frontal and parietal lobes of both hemispheres.

Experimental psychological examination data showed that individuals with PGC
differed significantly in the "Concern" parameter by analysing Big Five personality
questionnaire data (emotions and feelings), that caused, that they are characterised by
increased situational anxiety, emotional lability. The PGC group contains more
individuals with subclinical anxiety and depression, as well as a higher incidence of mild
daytime sleepiness. There were no other significant differences between the groups in the
assessment of the affective sphere and the emotional state of the subjects.

In assessing neuropsychological testing, individuals with PGC performed faster on
the Stroop test, which may be related to a younger average age in this group (30.5 years

to 44 years). In the other techniques were found no significant differences.
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In the biochemical analysis of saliva in both groups, mean melatonin levels were
at the lower limit of normal but did not differ significantly, suggesting that there is no
need to examine the salivary melatonin profile by individuals with PGC.

Theoretical and practical significance of the work

The developed theoretical positions and practical recommendations made it
possible to introduce into clinical practice the technique of comprehensive MRI of the
brain in patients with PGC, especially when its size is large (more than 10 mm).

The MR semiotics of different variants of PGC have been reviewed and structured
to enable the radiologist to interpret the images correctly. For example, multiple small,
simple cysts in a glandular structure may be an enlarged perivascular space. A large cyst
diameter combined with an increased distance between the quadrigeminal plate and the
corpus callosum may suggest the congenital nature of the cyst.

The use of an SSFP thin-slice pulse sequence placed in the sagittal plane and aimed
at the pineal region has been shown to be of value. This sequence allows the assessment
of the contours, the presence of wall thickening, septa, extra chambers, atypical cyst
content and to identificate indications for injecting a contrast agent. In the absence of
occlusive hydrocephalus, in addition to MR characteristics of the cyst itself, this pulse
sequence allows the assessment of signs of quadrigeminal plate compression, aqueduct
stenosis, the distance from the splenium of corpus callosum to the quadrigeminal plate
etc.

The MR grade of central venous hypertension allows the neurologist to perform a
targeted diagnostic search for signs of venous outflow abnormalities in this patient
population.

The results of this study allowed us to clarify the nature of personality traits,
morphofunctional changes in brain substance, changes in functional connectivity of the
brain in persons with cystic transformation of the pineal gland and to add to the

understanding of the effect of the presence of PGC on melatonin levels.
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Research methodology and methods

The research methodology is based on psychological, neuropsychological,
biochemical, neuroimaging and morphofunctional studies of individuals with different
variants of the pineal gland structure.

The object of the study was volunteers with different types of cystic transformation
of the pineal gland collected in the norm database (patent no. 2021621983) of the X-ray
department of the National Medical Research Centre of Psychiatry and Neurology named
after V.M. Bekhterev. The subject of the study was post-processing of MRI data using
specialized FreeSurfer software with subsequent analysis of thickness of various cortical
regions and volumes of subcortical structures and CONN-TOOLBOX software with
subsequent analysis of working 11 brain resting start networks.

The dissertation work was carried out in a cross-sectional (cross-sectional) study
design according to the principles of evidence-based medicine, which was carried out
according to the following scheme:

Stage 1: Study of the state of the problem according to domestic and foreign
literature.

Stage 2:

— signing an informed consent form;

— conducting questionnaires and neuropsychological testing;

— saliva collection for melatonin;

— making an MRI study of the brain using standardised

— sequences (T1-, T2-weighted images (VVI), FLAIR, DWI, GRE), supplemented
by SSFP-pulse sequences, with which were assessed the state of brain structures and the
targeting study of the pineal gland;

— making an MRI study of the brain using special pulse sequences of T1 gradient
echo MPRAGE with an isotropic voxel of 1 mm thickness and BOLD.

Stage 3: post-processing of the data obtained using specialised statistical software
FreeSurfer and CONN-TOOLBOX.

Stage 4: processing statistical data of the results.
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The points put forward for defence

1. Making a comprehensive MRI study with SSFP pulse-sequence allows a
targeted assessment of the type of pineal gland cyst structure, especially when it is large,
and clarifies the degree of impact of the cyst on the surrounding structures.

2. A risk grade of central venous hypertension based on MR patterns derived from
DWTI and SSFP sequences should be established in the presence of clinical manifestations
of headache, dizziness, sleep-wake disorders in patients with PGC.

3. Individuals with pineal gland cysts show functional connexopathy on the basis
of rs-fMRI, as well as some personality traits. These findings expand our knowledge of
the variability of the norm and the role of the pineal gland and the hormone melatonin it
produces in brain formation and function.

Conformity of the thesis with the scientific speciality

The aim, objectives and content of the thesis correspond to the passport of the
specialty 3.1.25. — "Radiology ".

Measure of confidence and validity of results

The scientific positions and results of the thesis have a high degree of validity and
argumentation. The validity of the results is confirmed by the sufficient volume of clinical
material (149 patients), application of modern methods of neuropsychological testing,
biochemical research (saliva analysis for melatonin), radiological diagnostic methods
(MR-VBM, fMRIrs), evaluation of results using modern software (FreeSurfer 6.0,
CONN-TOOLBOX) and processing of obtained data by modern methods of
mathematical statistics.

The conclusions are logically derived from the research material and fully reflect
the objectives of the study.

The practical recommendations formulated in the dissertation are justified by the
research conducted and can serve as a guide for practical work. The data presented in the
dissertation are fully consistent with the primary materials.

Publications on the subject of the dissertation
Seven papers were published on the dissertation topic, four of which were

published in journals recommended by the High Attestation Commission of the Ministry
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of Science and Higher Education of the Russian Federation; getting a patent for the
computer database "Evaluation of MR voxel-based morphometry in individuals with
pineal gland structure variants" (Certificate of State Registration of Database
No0.2022621663, 07.07.2022). There were published methodological recommendations
"Radial anatomy of the pineal gland in the norm and in its cystic transformation". The
results of the study were presented at the All-Russian Congresses "Nevsky Radiology
Forum - 2021, 2022, 2023", "Neurosciences: Integration of Theory and Practice — 2022",
"Polenovsky Readings - 2022".
Putting the results of the work into practice

The results of the work have been implemented in the practice of the magnetic
resonance imaging room of the X-ray department, as well as in the neuroimaging
department for Neurological Diagnostics of the National Medical Research Centre of
Psychiatry and Neurology named after V.M. Bekhterev. In addition, this topic was
introduced into the work of the Institute of Postgraduate Education of the National
Medical Research Centre of Psychiatry and Neurology named after V.M. Bekhterev in
the lecture course "Radiation diagnostics in neurology and psychiatry".

Author's personal contribution

The author played a decisive role in the clinical selection of patients, participating
in all stages of the clinical examination, collecting data and biomaterial, developing the
study protocol, setting the aims and objectives and justifying the conclusions and practical
recommendations.

The clinical and neuroimaging study, using fMRIrs and MR-VBM methods, and
the subsequent data processing and statistical analysis were performed by the author
himself.

Scope and structure of the thesis

The dissertation is presented on 126 typewritten pages; it consists of an
introduction, a literature review, a chapter describing patients and methods of
investigation, a chapter with the study results, a discussion, a conclusion, conclusions,
practical recommendations and a references list (166), including 35 domestic and 131

foreign sources. The work is illustrated with 23 tables and 39 figures.
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CHAPTER 1. CURRENT UNDERSTANDING OF THE ANATOMY,
PHYSIOLOGY, PATHOLOGY AND RADIOLOGY OF PINEAL GLAND
CHANGES (LITERATURE REVIEW)

1.1 History of the study of the pineal gland

The identification of the pineal gland as a distinct organ is attributed to Galen of
Pergamum (130-200 BC). He first described this organ as part of the brain, describing it
as a gland and calling it konareion, or conarium in Latin ("bump"), because of its shape
(Zvereva E. E., Bessalova E. Yu., 2016).

Anatomical descriptions by A. Vesalius (1515-1564) provided the basis for
philosopher René Descartes' conceptualisation of the pineal gland as the 'receptacle of the
soul' and as the seat of perception of the senses in the brain or as the human
psychophysiological control organ (Mottolese C., 2015).

A detailed pathological and histological description of the gland was made in the
17th and 18th centuries, and a comparative study of the gland was carried out by Leydig
in 1872. The first physiological study of the pineal gland was by Peony (1900), who found
that an extract from the pineal gland in small doses accelerated and in large doses it
enhanced and slowed the activity of the heart.

Research of the hormone melatonin secreted by the pineal gland began in 1958,
when Aaron B. Lerner (1920-2007) isolated 100 pg of N-acetyl-5-methoxytryptamine
from 250,000 treated bovine pineal glands at Yale University, at which time the substance
got its name, melatonin (Lerner A. B., 1958; Mottolese C., 2015). Discoveries obtained
from melatonin research confirmed most of the hypothesis postulated by Descartes.

PGC was first described in medical history by Rudolf Virchow as hydrops cysticus
glandulae pinealis in 1865. Campbell gave the first detailed description of its histological
structure in 1899. The first surgical procedure to remove PGC was published by Pussep

et al. in 1914 in a boy with haemorrhagic gland apoplexy (Mdajovsky M., 2018).
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1.2 Anatomy and physiology of the pineal gland

The pineal gland begins to develop during the fourth week of intrauterine
development as a medial protrusion of the epiphyseal end of the diencephalic roof. In the
following weeks, the walls of this outgrowth thicken into a compact mass that includes
the vascular mesoderm that forms the final pineal gland. A remnant of the ventricular
cavity hollow diverticulum, called the pineal socket, is retained in the anterior region
(Simon E. et al., 2015; Sindou M., 2015). Two types of cells can be observed during its
development: cells with dense and small cytoplasmic nuclei and small pale cells. The
former will develop into pinealoblasts, which represent the characteristic population for
the gland. In the eighth month of intrauterine development, the pinealocytes begin to
differentiate and secrete melatonin. The second population is the spongoblasts, which
subsequently differentiate into astrocytic glial cells. At the same time develop the
connective tissue septa of the gland and blood vessels (Relkin R., 1976; Simon E., 2015).

The pineal body belongs phylogenetically to the intermediate brain. The
intermediate brain is located above the midbrain and between the cerebral hemispheres
and is closely related to the lateral and third ventricles. For practical purposes, the
intermediate brain is divided into the following parts: the thalamus, which is the largest;
the subthalamus, which lies above the midbrain; the hypothalamus - anterior to the
thalamus, which lies anterior to the subthalamus, the epithalamus and the metathalamus,
consisting of the medial and lateral geniculate body (Florian 1. S., 2020).

Normally, the pineal gland or epithalamus occupies the caudal part of the
intermediate brain along the sagittal line and is attached to the posterior part of the third
ventricle. It is located above the tectal plate in close association with the tentorial incisure,
lateral ventricles, basal cisterns, deep venous system and distal branches of the posterior
cerebral arteries. The pineal region consists of the two habenular triangles, the habenular
commissure, the body of the pineal gland, the posterior commissure, and the upper and

lower plates of the epiphyseal stem (Al-Holou W. N., 2009) (Figure 1, 2).
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Figure 1 — Schematic anatomy of the pineal region. (Cited in Florian I. S.
(ed.). Pineal Region Lesions: Management Strategies and Controversial
Issues. Springer International Publishing, 2020, p. 10)

The pineal gland has a distinctive histological cytoarchitecture with various
microscopic bundles of fibres responsible for its specific circadian functions. The
habenular triangle is a pair of small triangular depressions (one on each side) located
medial to the thalamic pulvinar, upper-medial to the posterior commissure. These
bilateral indentations limit a narrow communication between the quadrigeminal cisterna
and the posterior side of the third ventricle along their lateral surfaces. They are small
clusters of grey matter medial to the thalamic pulvinar below the ventricular surface of
the intermediate brain, each consisting of medial and lateral nuclei. The habenular
commissure is represented by a transverse band of axons between the two sides of the
epithalamus, connecting both habenular complexes and crossing the midline in the

superior plate pineal pedincule (Nieuwenhuys R., 2007).



Figure 2 — MR image of the pineal region of patient D. (AC Ne35489, 2021), SSFP-
IP, a — axial, b — sagittal, ¢ — coronal projection. Anatomy of the pineal region: 1 —
habenular triangles, 2 — habenular commissure, 3 — pineal body, 4 — posterior
commissure, 5 — epiphyseal stem

The pineal gland itself has a double function in terms of anatomy. On the one hand,
it is part of the brain, the embryo of which is one of the unpaired diverticulum of the roof
of the intermediate brain. On the other hand, it is a neuroendocrine gland of the brain, as
indicated by the structure, location and cellular composition of the elements.

The cytoarchitecture of the gland is extremely varied. Sometimes the gland has a
perfectly lobular appearance, separated parenchyma follicles by connective tissue, in
others the connective tissue is much more numerous and the parenchyma is arranged in
islets (Tapp E., 1979). The capsule of the pineal gland consists of the dura mater. Some
connective tissue septa pass into the gland from the capsule, dividing it into small areas
through, by which blood vessels and nerve fibres enter the gland (Waldhauser F., 1984;
Nieuwenhuys R, 2007).

The pineal gland parenchyma is composed of two cell types, secretion-forming
pinealocytes, light and dark (Semicheva T. V., 2000; Gheban B. A., Rosca I. A., 2019;
Gheban B. A., 2021). Moreover, it is still not clear whether the pineal cell varieties are

independent cell types or only functional age-related varieties. The light pineal cells,
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occupying mainly the central part of the lobule, are relatively large, with a homogeneous,
light-coloured cytoplasm, with small spinules and vesicle-shaped large nuclei.

"Dark" cells are smaller, containing acidophilic and basophilic granules in the
cytoplasm. Long processes depart from the bodies of the pinealocytes, which approach
and contact the capillaries. The periphery of the lobule is dominated by smaller cells with
compacted nuclei and numerous outgrowths of varying length, ending in club-shaped
thickenings. These cells are likely to be neuroglial in nature (Popova A. A., 2019).

Pinealocytes of the pineal gland make up more than 90% of the cells. Moreover,
these cells are responsible for genesis by the majority of primary parenchymal tumours.
However, the presence of other cell types explains the occurrence of tumours of different
histological types in this small organ, such as germ cell tumours, gliomas, etc. The
internal architectonics of the gland is represented by a complex network of cells and
axons, which is not fully understood, but by general conception they can be divided into
three systemic groups: afferent, commissural and efferent.

One of the most important groups of afferent fibres is the group originating from
the superior cervical ganglion, which receives input from the suprachiasmatic nucleus
and is mainly associated with the sleep-wake cycle (Nieuwenhuys R., 2007).

The pineal gland is one of the six structures of the brain that is not protected by the
blood-brain barrier, so it intensely accumulates contrast agent during magnetic resonance
imaging (Gorbachev V., 2020). The pineal gland is richly supplied with blood; some
authors claim that it is the second most vascularized organ in the human body after the
kidneys. The vascularisation of the pineal gland is provided by the posterior chorioidal
arteries and the internal cerebral veins.

Electron microscopy showed the presence of perivascular spaces in the pineal gland
tissue structure in addition to the developed vascular network (Tan D. X., 2016). Some
authors believe that these structures, as well as the location of the pineal gland are the
mechanism of rapid distribution of melatonin in the cerebrospinal fluid as a powerful
antioxidant for brain tissue (Tricoire H., 2002).

The main function of the pineal gland is to convert the incoming signal from the

retina into a neuroendocrine response in the form of production of mainly melatonin, but
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also serotonin and N, N -dimethyltryptamine (Ostrin L. A., 2019). This mechanism is
central to the formation of human circadian rhythms. In higher vertebrates, light is
perceived by the inner retina (retinal ganglion cells), which send nerve signals to the
visual regions of the brain (Aulinas A., 2019).

Light information from the retina is sent to the suprachiasmatic nucleus, and from
there to the hypothalamus. When the light signal reaches the retina, the suprachiasmatic
nucleus secretes gamma-aminobutyric acid, which is responsible for inhibiting neurons
that synapse in the periventricular nucleus of the hypothalamus (Isobe Y., 2004).

Consequently, the signal to the pineal gland is interrupted and no melatonin is
synthesised. In contrast, when illumination is reduced, the suprachiasmatic nucleus
secretes glutamate, which is responsible for signal transmission to the periventricular
nucleus. The periventricular nucleus, in turn, communicates with the upper thoracic
segments of the spinal column, transmitting information to the superior cervical ganglion.
It transmits the final signal to the pineal gland via sympathetic postsynaptic fibres,
releasing norepinephrine. In this way, a signal is given for the production of melatonin
and its derivatives (Cipolla-Neto J., 2018; Ostrin L. A., 2019).

In addition to its primary involvement in circadian rhythm, the pineal gland is also
involved in a number of other physiological functions, such as the regulation of mood
(Al-Holou W. N., 2010), puberty and reproduction (Leone R. M., 1979), modulation of
glandular activity and pigmentation (Raghuprasad M. S., 2018). There are also reports of
associations of pineal gland function with disorders such as obesity (Golan J., 2002),
arterial hypertension (Reyes P. F., 1982) and sudden infant death syndrome (Sparks D. L.,
1988).

The size and volume of the pineal gland varies in nature. By vertebrates, its size is
probably related to survival in a particular habitat and geographical location. The harsher
and colder the environment in which they live, their pineal gland get the larger. The
general rule is that the pineal gland increases in size in vertebrates from south to north or
from the equator to the poles (Tan D. X., 2018).

The largest pineal gland has been recorded in newborn south-polar seals, with a

volume up to '5 of the animal's brain. As for humans, based on magnetic resonance
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imaging and pathological examination data, the normal dimensions of the pineal gland
are up to 12 mm in length, 3-8 mm in width and 4 mm 1n thickness. Its weight is 0.1 to
0.18 g (Konovalova N. A., 2019). The average volume is 94.2 += 40.65 mm 3
(Raghuprasad M. S., 2018). The volume of the pineal gland, as well as the volume of the
brain in men is larger than in women (Han Q., 2018).

Based on computed tomography data, it has been shown that there is a direct
correlation between a decrease in pineal gland volume with age and an increase in the
percentage of calcification. The highest percentage of volume and percentage of
calcification occurred at age 60-69 (Beker-Acay M., 2016). At the same time, the
maximum volume of the gland was found in the age group of 46-65 years (Gheban B. A.,
2021).

It has been found that pineal gland volume can be altered in various neurological
and psychiatric diseases, which is associated with impaired melatonin and serotonin
synthesis. For example, in a study by T. Takahashi et al, a significant decrease in pineal
gland volume was proven in patients with the presence of schizophrenia (Takahashi T.,
2019).

In this study, magnetic resonance imaging was used to study pineal gland volume
in 64 patients with first episode schizophrenia, 40 patients with chronic manifestations,
22 people with a psychiatric condition at risk, and 84 healthy controls. In a cross-sectional
comparison, all three groups with clinical manifestations had a significantly smaller
pineal gland volume compared to the healthy control group.

The authors also suggested that a smaller pineal gland volume may be a marker for
the likelihood of developing schizophrenia and possibly reflects an early abnormality in
nervous system development (BastosJr M. A. V., 2019; Takahashi T., 2019). In another
study, the same authors showed that, pineal gland volume and cyst prevalence in the
groups of patients with major depressive episode and recurrent depressive disorder were
not significantly different from those in healthy controls. However, pineal gland volume
was significantly less in the subgroup with a severe non-melancholic depressive episode
than in the melancholic depressive subgroup. Interestingly, pineal gland volume was

negatively correlated with disease severity (Takahashi T., 2020).
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Another study evaluated pineal gland volume in patients with Alzheimer's disease,
patients with mild cognitive impairment, and healthy control subjects and compared it
with the results of cognitive tests and brain parenchyma volumes (Matsuoka T., 2018). It
was shown that pineal gland volume was significantly lower in Alzheimer's patients, and
that decreased pineal gland volume correlated with decreased cognitive function. Thus,
measurement of pineal gland volume may be useful in predicting cognitive decline in
patients with Alzheimer's disease (Matsuoka T., 2018). The same correlation has been
found in patients with autism, psychosis and obsessive-compulsive personality disorder
compared to healthy volunteers (Atmaca M., 2019; Maruani A., 2019; Gorgiili F. F.,
2021; Takahashi T., 2021). It has also been shown that pineal gland activity levels are
significantly reduced in suicidal individuals based on postmortem examination and
assessment of melatonin levels in cerebrospinal fluid (KurtulusDereli A., 2018).

In another study, pineal gland volume has been shown to be unrelated to the
presence of epilepsy in the patient (Bosnjak J., 2018; Atmaca M., 2019). The literature
also i1s described cases of agenesis of the pineal gland as an incidental finding at
postmortem, which has been linked to a mutation of the PAX6 gene, which is a
transcription factor (Cox M. A, 2017).

It has also been reported that pineal gland volume is lower in patients with insomnia
(Mahlberg R., 2009; Bumb J. M., 2014), attention deficit hyperactivity disorder (ADHD)
(Bumb J. M., 2016) and obesity (Grosshans M., 2016). There is evidence of a role for the
pineal gland in cognitive function. For example, a study by Batouli and Sisahti has
hypothesised that the pineal gland plays a role in human memory, which requires further
investigation (Batouli S. A. H., 2019).

The literature has described that there are influences on pineal gland volume and
condition. Korean scientists have shown that lower pineal gland volume was associated
with higher cumulative lifetime coffee consumption. Study participants, who consumed
more than 60 cups of coffee per year, had about 20% less gland volume than people who
consumed less than 60 cups per year. Also, pineal gland volume mediated the association

between lifetime coffee consumption efficiency and sleep quality (Park J., 2018).


https://www.frontiersin.org/articles/10.3389/fninf.2021.554229/full#B13

161

Another example is a rat study in which has demonstrated that a diet without
fluoride promoted pinealocyte proliferation and pineal gland growth in older animals,
while fluoride treatment suppressed gland growth. These findings suggest that dietary
fluoride may be harmful to the pineal gland (Mrvelj A., 2020).

1.3 Melatonin and its functions

Melatonin, the main hormone produced by the pineal gland. It is synthesised from
the amino acid L-tryptophan, converting to serotonin or 5-hydroxytryptamine, then to N-
acetyl-5-hydroxytryptamine. The rate of melatonin formation depends on the activity of
two enzymes: serotonin-N-acetyltransferase (AANAT) to a lesser extent and tryptophan
hydroxylase (TPH), which is a mitochondrial enzyme. TPH exists in two isoforms. TPH1
1s found in the pineal gland and intestine, whereas TPH2 is expressed exclusively in the
brain (Sakowski S. A., 2006).

Melatonin produced by the pineal gland is released into the circulation and accesses
various fluids, tissues and cellular compartments. The hormone itself does not accumulate
in the pineal gland. The profile of its levels in plasma reflects the activity of the pineal
gland. The melatonin produced by the gland is known to be secreted partly into the
bloodstream, partly directly into the cerebrospinal fluid, which confirms its higher
concentration in laboratory analysis than in other physiological fluids (blood, saliva,
urine) (Reiter R. J., 2014).

Undeniable evidence supports this secretory pathway. Anatomically, there are
tubules in the gland structure that directly open into the cerebrospinal fluid of the third
ventricle (Krsti¢c R., 1975; Reiter R. J., 2014). Given that there are other sources of
melatonin production in the body besides the pineal gland, melatonin produced in the
pineal gland is thought to go exclusively to the brain, especially in acute conditions.

The liver deactivates more than 90% of circulating melatonin. Melatonin is first is
hydroxylated at position 6 by the hepatic cytochrome P450, predominantly by the
CYP1A2 isoform (Ma X., 2005). 6-hydroxymelatonine is then conjugated to sulphate
and, to a lesser extent, to glucuronic acid, and the resulting conjugates are excreted in the

urine (Ma X., 2005; Skene D. J., 20006).
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Very small amounts of free 6-hydroxymelatonin are excreted unchanged in the
urine. Urinary excretion of a MT6 accurately reflects the plasma melatonin profile and is
often used to assess melatonin rhythm, especially in humans (Arendt J., 1995).

Melatonin levels in the fetal bloodstream are virtually undetectable at birth. The
only source of melatonin in the fetus is being through the placental circulation. Melatonin
levels in the fetal umbilical cord bloodstream reflect the daytime and nighttime
differences seen in the maternal bloodstream. The rhythm of melatonin becomes apparent
around 2-3 months of life (Kennaway D. J.,1992). Its levels is rising exponentially to a
peak in prepubertal children. Melatonin concentrations in children are related to the
Tanner stages of puberty (Waldhauser F.,1984). Thereafter, there is a steady decline,
reaching average adult concentrations in late adolescence (Wetterberg L., 1999). Values
are stable until the age of 35-40 years, after which a decrease in the amplitude of the
melatonin rthythm follows, and levels decrease with age, resulting in fragmented patterns
of sleep and wakefulness. In people over the age of 90, melatonin levels are less than 20%
of those of younger people (Scholtens R. M.,2016). Reduced melatonin production with
age 1s due to various reasons: calcification of the pineal gland, impaired noradrenergic
innervation of the gland and the ability to detect light (cataracta).

The functions of melatonin:

The hormone melatonin is present in almost all organisms on the planet. It is one
of the most evolutionarily conserved regulatory substances. In humans, the only source
of melatonin, which functions as a photoregulator of the circadian biorhythms of the
whole body, is the pineal gland. But melatonin is not produced only in the pineal gland,
its synthesis 1s found almost in all organs. It is found in the retina, gastrointestinal tract,
thymus, immune cells, heart, sex glands and antral follicles. The action of extrapineal
melatonin is usually auto- and/or paracrine (Rapoport, S. 1., 2009). The volume of its
production varies from organ to organ. The synthesis of extrapineal melatonin in higher
vertebrates is thought to have no independent photoperiodicity - it is set by melatonin
synthesized in the pineal gland.

The key role of melatonin in the body is related to the fact that all endogenous

rhythms of the body are subordinated to its periodic production. The main structures of
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circadian rhythms regulation are localized in different regions of the brain. Melatonin
secretion is simultaneously regulated by suprachiasmatic nucleus of hypothalamus that
generates endogenic circadian rhythm with the period of 23-25 hours and external light-
darkness rhythm that has the period of 24 hours and corrects endogenic rhythms in
relation to external rhythms (Rapoport S. 1., 2009). Further realization of regulatory
chronobiological processes is carried out through the involvement in this process of the
paraventricular nucleus of the hypothalamus, from which pathways go to the pineal gland.
There 1s the synthesis and production of melatonin - the main factor of humoral regulation
of the sleep-wake cycle and one of the key factors determining the adaptational
capabilities of the CNS and the entire organism. Changes in melatonin production, strictly
following changes in the duration of light and dark hours of the day, cause diurnal and
seasonal changes in the human and animal organisms.

Obviously, the high representation of melatonin at the evolutionary and organ level
means its high functional diversity and involvement in the regulation of many
biochemical processes of the organism. Biological rhythms are a universal and necessary
tool for adaptation of the organism to the environment and cover all manifestations of life
from functions of subcellular structures, cells, tissues, organs to complex behavioral
reactions of the organism, populations, and ecological systems.

The range of effects of melatonin in the human body is extremely wide. Unlike
many hormones, its effects on cellular structures depend on both the concentration in the
bloodstream or pericellular space, as well as on the initial state of the affected cell. These
facts allow to consider melatonin as a universal endogenous adaptor, which maintains the
body balance at a certain level and corrects changes in homeostasis in accordance with
environmental changes and local influences.

The functions of melatonin in the body include:

1. Regulation of circadian and seasonal rhythms;

2. Regulation of the psycho-emotional and cognitive sphere;

3. Antioxidant, neuro- and geroprotective effects;

4. Immunomodulatory action;

5. Vegetostabilising effect;
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6. Oncoprotective effect;

7. Universal stress-protective action.

Low levels of melatonin in old animals and elderly people (compared to young
people) suggest that normalisation of melatonin dynamics in the body may compensate
the processes associated with ageing.

The involvement of melatonin in seasonal adaptations of living organisms has until
recently been extensively studied in animals due to their strict seasonal rhythm of
reproduction, migration, fur change and hibernation. From the clinical point of view, the
fundamental role of melatonin in seasonal restructuring is extremely important for
understanding the causes and mechanisms of seasonal exacerbations of chronic internal
diseases as well as mental illnesses. At the present stage, numerous studies have
confirmed that the main role in the mechanism of seasonal restructuring of human
organism belongs to the changes of melatonin production strictly following the
photoperiod (Sadeghniiat-Haghighi K., 2008). The presence of seasonal rhythmic
production of melatonin is a necessary condition of human body health. This is confirmed
by the facts of increased frequency of depression and alcoholism in persons with disturbed
seasonal rhythm of melatonin secretion, when they are moving from middle latitudes to
work in conditions of the far north (Tan D. X., 1993), as well as the fact of absence of
seasonal rhythm of melatonin production in patients with malignancies (Reiter R.J.,
2002).

Thus, melatonin is a hormone with a unique adaptive capacity. Disruption of its
production, both quantitatively and in its rhythm of production, is the trigger that leads
initially to desynchronosis, followed by the onset of organic pathology. Consequently,
the fact that melatonin production is disturbed may be the cause of various diseases.

The antioxidant properties of melatonin:

Such properties of melatonin as the ability to actively absorb free radicals and
exhibit antioxidant properties have only been discovered in the last decade (Reiter R. J.,
2000). In the last 10 to 12 years, there have been many studies on the ability of melatonin
to directly neutralise free radicals and related toxic substances, and their harmful effects

on cells and tissues in the body. Melatonin metabolites, like the hormone itself, are able
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to neutralize reactive oxygen species. This effect of melatonin and its metabolites is called
the antioxidant cascade, which allows melatonin and its metabolites to scavenge
additional radicals beyond what melatonin alone can neutralize. This metabolic cascade
allows melatonin to scavenge a number of radicals in contrast to classical antioxidants,
for which the ratio of scavenger to neutralised radicals is usually 1:1 (Cuzzocrea S., 2001).

Melatonin in cardiovascular activity:

The presence of circadian rhythmicity of arterial and central venous pressure in
humans (Rapoport S.1.,2009) indicates the involvement of melatonin also in the
regulation of cardiovascular system functions. This is also supported by the presence of
receptors to melatonin in the muscular layer and the vascular endothelium.

It is clear that the effect of melatonin on vascular tone is ambiguous and depends
on the initial vascular condition. The mechanisms by which melatonin influences vascular
tone include: binding of melatonin to intrinsic receptors of smooth muscle cells and
vascular endothelium, effecting on adrenergic and peptidergic (VIP and Substance P)
endings of perivascular nerves, effecting on adrenergic receptors or secondary
messengers in the chain of adrenergic stimulation of muscle contraction, blocking
serotonergic stimulation of smooth muscle contraction, inhibition of serotonin secretion
by CNS structures and platelets, vasopressin by hypothalamus and noradrenaline by
adrenal glands.

Taking into account the pro-oxidant and antioxidant effects of melatonin, the role
reduction of its production in the pathogenetic mechanisms of atherosclerotic arterial
lesions is currently actively discussed (Rapoport S.1., 2006). At the present stage, there is
no doubt that impaired melatonin production can play an important role in the
pathogenetic mechanisms of coronary pathology. This is evidenced both by the effects of
melatonin itself, and by clinical studies that have demonstrated a decrease in its night
production in patients with CHD.

Melatonin and CNS disorders:

Lack of melatonin production is a pathogenetic factor in the age-related

deterioration of cerebrovascular hemodynamics and may be determined by a weakening
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of the antioxidant, neuroregenerative, antitoxic, immunotropic and several other
properties on which its protective function is based.

Parkinson's disease has now been proven to be a typical chronopathological
phenomenon, which is closely linked to disorganisation, primarily of the circadian
periodism. This assertion is supported by circadian fluctuations in the clinical symptom
dynamics of the disease itself and the possibility of exacerbation by exogenous and
endogenous dysrhythmic factors. The various sleep disturbances at night in patients with
Parkinson's disease are another strong argument for the chronopathology of this process.
Diurnal fluctuations, which also depend on external photoperiodism, in extrapyramidal
pathology are detected not only in motor disorders, but also in the autonomic nervous
system, sleep-wake cycle, visual function and response to dopamine therapy. In
particular, movement disorders are often exacerbated in the evening. It has been
suggested that the striatum, suprachiasmatic nuclei and pineal gland normally represent a
functionally unified chronobiological unit, which actively involved in the organization of
diurnal behavioral fluctuations. Corresponding dysrhythmias of the block as a whole and
its individual components are involved in the formation of circadian dysrhythmia in
Parkinson's disease. A lack of synaptic dopamine may be the main linking cause of this
effect. Along with other neurotransmitters (norepinephrine, serotonin), dopamine is
known to be closely linked to the maintenance of wakefulness and control of circadian
rhythm and sleep. The synthesis, accumulation, degradation and reuptake of dopamine
show a diurnal periodicity and a direct dependence on ambient light conditions.

Circadian rhythm abnormalities and suppression of night melatonin peak have been
found to occur during the active phase of cluster headaches. In its generation may play a
role descending opioidergic mechanisms in the pineal gland and hypothalamus (Buture
A., 2016).

1.4 Pineal gland cysts

Pineal gland cysts are found in 25-40% of cases on magnetic resonance imaging,
according to the literature (El1 Damaty A., 2019). On pathological examination, the
incidence of pineal gland cysts reaches 40% (Cauley K. A., 2009).
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Most cysts are found in areas of gliosis, and some are covered by parenchymatous
or ependymal epithelium. Usually, cysts consist of three layers: a layer of fibrocollagen
on the outside, a layer of pineal gland parenchyma, which may have calcium deposits,
and a layer of hypocellular glial tissue, inside which hemosiderin and calcium inclusions
may also be present (Abramov I. T., 2017; Gokce E., 2018).

However, some cysts turn out not to be lined by glial epithelium, but rather
surrounded by glial scar, which suggests that the cysts arise due to ischemic processes in
gliaislets (Choy W., 2011). Findings of microscopic cysts at autopsy suggested that larger
cysts may arise when smaller cysts merge (Al-Holou W. N., 2009).

There are several theories about the development of cysts, but so far no one can
explain exactly what causes them. Possible causes include failure of the pineal
diverticulum during embryogenesis, secondary development of the cyst on the
background of degeneration, ischemic changes, worm invasion, hemorrhage
(Abramov L. T., 2017).

Based on a genetic study conducted in 2021, was identified a list of mutations in
15 genes that are mainly involved in the epigenetic regulation of pineal gland
development, providing insight into the possible genetic origin of cyst development
(Yan Y., 2021).

A structural classification of pineal gland cystic transformation was proposed by a
group of authors based on 257 MR studies on the size and morphology of pineal gland
cysts in children from 0 to 5 years (Sirin S., 2016). The classification included a division
into 5 groups: 0 — No cyst, 1 — Single cyst, 2 — Multicystic pineal gland (no enlargement),
3 — Multicystic pineal gland (with enlargement without edge displacement), 4 —
Multicystic pineal gland (with enlargement and edge displacement). Each group was also
divided by cyst size: a <5 mm, b 6-9 mm, ¢ >10 mm.

Cystic degeneration of the pineal gland is usually asymptomatic. Especially when
the cysts are smaller than 10 mm, with no impact on the surrounding structures, such as
compression of the midbrain roof with the development of Parineau syndrome, and signs
of occlusive hydrocephalus. However, these patients often complain of frequent

headaches, nausea, dizziness, increased anxiety and problems with sleeping and falling
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asleep. For example, in a pilot study by Delrosso L. M. et al, were shown that children
with PGC got more points for excessive sleepiness and sleep onset and maintenance
disorders on the Sleep Disorders Scale (SDSC) than the two control groups. Scores in
these two areas correlated significantly with cyst size. The authors argue that some cysts
may cause glandular enlargement due to parenchymal cells. These structural changes may
contribute to increased melatonin production (DelRosso L. M., 2018).

PGC can also lead to acute conditions, and even fatal consequences. Apoplexy of
PGC has been described in the literature, with about six cases to date, in both adults and
children. In a 56-year-old woman, a complication of the course of PGC was characterised
by severe headache and vomiting, which was managed conservatively. There was no
recurrence during a further 15-year follow-up (Kim E.,2020).

Another case of cystic apoplexy in an eight-year-old girl ended with surgery to
remove the cyst (Goehner D., 2020), but the cyst recurred 3 months after surgery. Rosario
Barranco et al. described a curious case of sudden death during sex in a 45-year-old
woman due to fatal cardiorespiratory failure due to midbrain compression from a non-
tumoural pineal cyst (Barranco R., 2018).

Many authors have attempted to explain the pathogenesis of neurological
manifestations in patients with non-occlusive cysts. For example, the theory has been put
forward in the literature that non-occlusive cysts may compress deep cerebral veins
(internal cerebral vein, Rosenthal vein, Galen vein), which may cause symptoms of
central venous hypertension (Eide P. K., 2016; Milton C. K., 2020). In addition, large
pineal cysts without evidence of occlusion, show reduced cerebrospinal fluid flow
through the cerebral aqueduct (Bezuidenhout A. F., 2018).

Based on a review of the literature about PGC, it became clear that there are still
no fully defined indications for surgical intervention in the presence of cysts. The classic
view of neurosurgeons is that surgery is indicated in patients who, in addition to general
symptoms such as headaches, dizziness, sleep disturbances, have signs of occlusive
hydrocephalus, signs of quadrigeminal plate compression and reported continued cyst
growth on MRI. However, a study by El Damaty A. showed that cyst extraction surgery

performed on 43 patients without signs of occlusive hydrocephalus got positive results,


https://pubmed.ncbi.nlm.nih.gov/?term=Barranco+R&cauthor_id=29570483
https://pubmed.ncbi.nlm.nih.gov/?term=Barranco+R&cauthor_id=29570483

169

in the form of resolution of symptoms and improved quality of life based on the Chicago
Chiari School of Outcomes (El Damaty A., 2019).

Eide P.K. et al. obtained the same findings in their study and also suggested that
PGC may compress deep cerebral veins, which in some people may cause central venous
hypertension syndrome. Several papers describing the removal of non-occlusive PGC
have reported persistent disappearance of preoperative nonspecific symptoms and no
recurrence in the postoperative period of at least 12 months in 93% of patients, which
indirectly supports this theory (Eide P. K., 2017; Majovsky M.,2018; Koziarski A., 2019;
Pitskhelauri D. 1., 2019; Milton C. K., 2020).

A contrary view is held by Storey M. et al., based on 10 years of follow-up of
patients with PGC, it has been shown that a cyst less than 19 mm in size does not require
surgical intervention. The majority of PGCs remained unchanged within several studies
performed on magnetic resonance imaging, so routine follow-up of PGCs is not necessary
in the absence of unusual radiological features or associated clinical symptoms according
to the authors (Gokce E., 2018; Storey M., 2020; Tanaka T., 2021).

1.5 Radiological diagnosis of epiphyseal cysts

On a computed tomography (CT) scan, PGCs are found incidentally. On CT scans,
they have a round shape, clear, even contours and hypodense contents. In some cases
(30%), hyperdense contents or increased wall density may be seen, represented either by
haemorrhagic contents or calcifications (Gaillard F., 2010; Berhouma M., 2015).

On MRI, they appear as round or ovoid masses with smooth margins and well-
defined contours, which are best seen in the sagittal plane.

A single unicameral cyst has smooth walls and contains fluid, which in 90% of
cases has an isointense MR signal to the cerebrospinal fluid (Gaillard F., 2010; Jussila M.
P., 2017; Gokce E., 2018), in 10% of cases the signal is iso- or slightly hyperintense due
to protein content. This type requires differential diagnosis with atypical cystic masses,
germ cell tumours and parenchymatous pineal tumours (Gheban B. A., 2019; Storey M.,
2020).

PGC can be a single-compartment or multi-compartment structure. The presence

of internal septa can be difficult to assess with conventional MR sequences, but when
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specialised, high-resolution thin-cut sequences such as the three-dimensional (3D) fast
sequence using data acquisition (SSFP/FIESTA) or 3D pulse sequencing are performed,
it is found that most cysts can have one or more internal septa (Lacroix-Boudhrioua V.,
2011; Gokce E., 2018).

MRI characteristics of a typical cyst are wall thickness not more than 2 mm, clear
smooth contours of the inner and outer walls, uniform accumulation of the cyst wall by
injecting contrast agent and no impact on the surrounding structures (Lensing F. D.;
2015). Unfortunately, there is no 100% clear way to differentiate pineal gland cysts from
neoplasms arising in this area, such as pineocytomas, pineoblastomas, germinomas or
mature teratomas (Al-Holou W. N., 2010). Non-peripheral contrast enhancement of PGC,
the presence of nodules in the structure is considered atypical manifestations and
correlates with a 70% incidence of malignant neoplasia (Starke R. M.; 2017).

Currently, functional MRI techniques have found their wide application in clinical
practice to study various types of brain pathologies, such as schizophrenia, epilepsy,
Parkinson's disease and many others (Yasuda C. L., 2010; Kobayakawa M., 2017;
Nemoto K., 2017). First of all, MR morphometry and functional resting MRI are used in
the research.

MR voxel-based morphometry is a widely used method of processing
neuroimaging studies based on high contrast images between gray and white matter of
the brain and cerebrospinal fluid (Trufanov, G. E., 2013; Nemoto K., 2017). After data
collection white matter segmentation and gray matter parcellation are performed from
spatially normalized images. Parametric statistical voxel tests are performed, which
compare the smoothed images of gray matter from two groups (Ashburner J., 2000).

MR morphometry is used for scientific purposes to study brain structure features
in different populations. It has been reported that common brain characteristics such as
size, shape, regional volumes and position of structures vary between races and
populations due to their different phenotypic, genetic, environmental and developmental
factors (Chiang M. C., 2012; Bhalerao G. V., 2018). Based on MR morphometry data of
conditionally healthy individuals, so-called brain templates are created s for specific

populations. For example, templates are known for infants (Altaye M.,2008), children
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(Xie W., 2015) and the elderly population (Grabner G. R., 2006), as well as for Korean,
Chinese and Japanese populations (Lee J. S., 2005; Quallo M. M., 2010; Liang P., 2015).

MR morphometry data are also used to study the volume of the pineal gland and
its relationship to other parts of the brain. A team of researchers from the Molecular and
Cellular Imaging Centre in Tehran has created a pineal gland atlas template based on post-
processing of thin T1-weighted images of 152 young people aged 20-35 years. These data
can be used for comparative analysis with other races and populations, thus enhanced our
knowledge about the function, development and structure of the human brain (Razavi F.,
2021).

Morphometric data have also been used to infer a linear decrease in pineal gland
volume with age, which has shown similarities with the aging profile of most other brain
structures (Sisakhti M., 2022). MR-VBM and fMRI have also been used to study the
structure and function of the habenula (epithalamic nuclei), which are involved in a range
of behavioural responses, including sleep, stress and pain (Lawson R. P., 2013).

The relationship of reduced pineal gland volume with reduced melatonin levels and
the presence of autism spectrum disorders has also been shown on the basis of MR
morphometry data (Maruani A., 2019). However, no data on brain morphometry in
individuals with different variants of the pineal gland structure have been reported in the
literature.

Functional magnetic resonance imaging has come a long way, starting with its
invention in the late 20th century, then as an experimental method and moving into the
category of practical applications that allow mapping functionally significant areas of the
brain (Belyaev, A., 2014; Gore J. C., 2019; Ananyeva, N. 1., 2019).

Methods for quantifying spatial and temporal brain activity have evolved rapidly
since the first demonstrations that fMRI can be used to measure the modulation of blood
oxygen level dependent tissue contrast (BOLD) (Kwong K. K., 1992). One of the most
significant applications is functional mapping of the speech areas in the preoperative
preparation stage in patients with brain tumours (Salomatina T. A., 2019).

Resting state fMRI assesses the network of passive brain function, which was

proposed by Biswal et al in 1995 (Biswal B., 1995). The subject is instructed to lie still
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and not think about anything during the examination, as opposed to standard fMRI where
certain tasks have to be performed. Over the past two decades, several methods and
paradigms have been adopted for the use and interpretation of resting brain oscillation
data (Yang J., 2020). While BOLD-contrast images are indirect indicators of neural
activity, Resting State fMRI networks can provide useful information about the
macroscopic organisation of neural processing systems.

This rapidly evolving type of functional connectivity study involves examining
group differences in brain network structure associated with a disease and condition,
made possible by the relative ease of collecting data from large samples (O'Connor E. E.,
2019). It should be noted that analysing resting state fMRI signals are only oscillations
between 0.01-0.1 Hz, i.e. only low-frequency ones (Letyagin A. Yu., 2004). By
processing the obtained temporal sequences, the correlation coefficient of temporal and
frequency characteristics is calculated between all available voxels.

The fMRIrs method has been used to show and prove the presence of resting
networks, among which are the passive mode brain network (DMN), executive control
network, significance detection network, sensorimotor network, auditory network,
medial, lateral and occipital visual networks, cerebellar network (Bukkieva T. A., 2019).

Each of the networks includes areas of the cortex between which there is functional
rather than anatomical connectivity. fMRIrs has been used in the study of changes in the
connectivity of individual brain areas in various neurological and mental illnesses, such
as Alzheimer's disease (KurtulusDereli A., 2018; Tanaka T., 2021), schizophrenia
(Milton C. K., 2020), brain injury (Koziarski A., 2019), and in preoperative mapping
(M4jovsky M., 2018; Milton C. K., 2020).

To date, there has been no comparative analysis of fMRIrs data in groups of healthy
volunteers divided on the basis of the morphological structure of the pineal gland. The
role and influence of the morphological structure of the pineal gland seems promising on
the connectivity of individual brain areas within different resting networks, given the
"genetic" theory of PGC development.

Thus, despite a long history of study of the pineal gland, its functions in the body

aren’t incompletely understanding. The accumulated experience shows that PGCs are a
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rather frequent incidental finding in MRI study of the brain in both adults and children. It
is still not possible to clearly classify this condition as normal or pathological, nor is it
possible to identify possible clinical correlates.

According to CT and MRI data, the pineal gland undergoes degenerative changes
with age, and there may be an associated decrease in melatonin production and the
development of desynchronosis in the elderly. Some factors have been discovered to
accelerate degenerative changes in the pineal gland, such as excessive coffee
consumption.

The prevalence of asymptomatic cysts in adults, as shown by an MRI study, is
about 23%, and their development is benign (Pu Y., 2007). However, studies show that
even cysts of less than 10mm can be a possible cause of certain symptoms in a patient.
The role of non-occlusive PGCs has not yet been established in the development of
headaches and affective disorders, but a correlation has been found between pineal gland
volume and cyst presence with the development of many neurological and psychiatric
disorders.

To find answers to many of the open questions, this scientific work was carried out
with using radiological, psychological and neuropsychological techniques, as well as

biochemical research.
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CHAPTER 2. MATERIALS AND RESEARCH METHODS

2.1 General characteristics of the studied patients

The work was performed in the radiological department of the National Medical
Research Centre of Psychiatry and Neurology named after V.M. Bekhterev of the
Ministry of Health of the Russian Federation. The present study included the results of
examination of 156 healthy volunteers undergoing certain stages of the study from 2017
to 2022. 7 people of them were not included in the main sample for various reasons: 1
volunteer was found to have signs of demyelinating white matter lesions of the brain
during MRI, 1 person was excluded due to psychological testing, 1 person was found to
have an intracranial extracranial mass (meningioma), 4 people were excluded due to
technical reasons. The recounted final sample consisted of 149 persons: 62 (41.6%) males
and 87 (58.4%) females aged 18 to 70 years. All volunteers were divided into groups

according to age and gender. The results are presented in Figure 3.
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Figure 3 — Distribution of healthy volunteers by age
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Inclusion criteria for the study included the following parameters: age from 18 to
70 years, signing of voluntary informed consent to participate in the study, no history of
any neurological and psychiatric diseases, cancer, brain and spinal cord injuries, multiple
anaesthesia, no aggravated somatic diseases.

Criteria for non-inclusion in the study included refusal to sign voluntary informed
consent, a history of repeated anaesthesia, severe hypertension, severe head trauma,
fainting, seizures and cancer. An indication of a history of treatment with antidepressants,
anticonvulsants and other psychotropic drugs was also an important factor.

Exclusion criteria were refusing to participate at any stage of the study, revealed
evidence by the experimental psychological examination of current psychopathology
(anxiety/depressive disorder), and signs of organic brain damage on MRI scanning.

The inclusion of volunteers in the study complied with the requirements of
international and national bodies in the field of scientific research organisation and
observance of ethical norms: informing and consent of the subject to full examination and
ensuring confidentiality (Declaration of the World Medical Association "Ethical
principles for scientific medical research with human participation" with amendments in
2000, Helsinki; "Rules of clinical practice in the Russian Federation", approved by the
Order of the Russian Ministry of Health on 19.06.2003 1. Ne 266).

The study was conducted with the permission of the local ethical committee of the
National Medical Research Centre of Psychiatry and Neurology named after V.M.
Bekhterev (Protocol No. 8 of 21.07.2020).

2.2 Research methods

The study of patients was carried out in several stages:

1) Collection of general medical and demographic information about volunteers

2) Assessment of the somatic and neurological status of the volunteers

Patients underwent a somatic examination, including assessment of basic vital
functions (AT, CR, BR). A neurological examination and assessment of neurological
status was performed by a neurologist.

3) Experimental-psychological survey
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This survey was conducted to assess the affective sphere, emotional state and
personality characteristics of the subjects. An extended self-administered questionnaire
was used, including: 1) personality questionnaire, 2) Spielberger questionnaire (anger);
3) general (well-being) index/WHO (1999 version); 4) Epworth sleepiness scale; 5)
hospital anxiety and depression scale (HADS); 6) Big Five psychological personality
questionnaire (BigFive).

4) Neuropsychological examination including: 1) intellectual capacity test
(modified by L. I. Wasserman et al), 2) modified digital proofreading test (modified by
L. I. Wasserman), 3) Benton visual retention test, 4) Addenbrooke's cognitive scale, 5)
Stroop's verbal-colour interference test.

The Intellectual Potential Test in a revised modification by Professor
L. I. Wasserman (Wasserman L. 1., 2018) was used to determine the level of non-verbal
intellectual development of the study subjects.

The Benton test is used in investigations in which organic brain damage is
suspected. In this study, the Benton test is used as a neuropsychological tool to examine
short-term visual memory.

The modified digital proofreading test, which was proposed by V. N. Amatuni.
Is used in this study in a revised modification by the Laboratory of Clinical Psychology
of the National Medical Research Centre of Psychiatry and Neurology named after V.M.
Bekhterev (Wasserman L. 1., 1997). This technique is aimed at studying individual
features of voluntary attention, such as stability and concentration, peculiarities of the
tempo of activity, "work-in-progress" in the task. As an assessment we look at the
fatigability index according to the time of performing the technique in seconds and the
number of errors - functional asymmetry of attention, as well as its weakening due to a
decrease in working capacity, fluctuations and difficulties of voluntary concentration of
attention.

The Addenbrooke's Cognitive Scale, proposed by authors J. Hodges and G. Berrios
and validated by O. S. Levin, A. Yu. Lavrov and others (Ivanets N. N., 2012). At the end
of asymmetry techniques, subjects moved on to the Addenbrooke's Cognitive

Examination (ACE). The ACE methodology involves a comprehensive assessment of
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cognitive functions, which corresponds to five scales: attention, memory, fluency,
language, and visual-spatial function. Scores were given for each correctly completed
task, the sum of which was then used for counting and interpretation. The Addenbrooke's
Cognitive Scale is an effective neuropsychological screening tool for the primary
diagnosis of mild cognitive impairment in general medical practice.

The Stroop test developed by J. R. Stroop (Wolf N. W., 2007) 1s designed to
diagnose the flexibility and rigidity of cognitive control, a measure of verbality. It was
introduced by D. Broverman. Cognitive style characterises subjective difficulties in the
way of processing information in a situation of cognitive conflict: if it is flexible cognitive
control, it is ease of transition from verbal to sensory-perceptual functions due to their
high degree of automation, while rigid style is difficulty in transition from one function
to another due to their low degree of automation.

The Broverman Verbal Index is a measure of the automation of cognitive functions.
High values of the index indicate a predominance of the verbal mode of information
processing, the sensory-perceptual mode corresponds to low values.

5) Melatonin levels in saliva by immunofluorescence assay (EIA)

In clinical practice, patients with solid and cystic-solid tumours of the pineal gland
undergo laboratory diagnosis for tumour type differentiation. Specific markers for germ
cell tumours, namely germ cell and choriocarcinoma of the pineal gland, are the high
expression in serum and cerebrospinal fluid of oncoproteins such as alpha-fetoprotein,
human beta-chorionic gonadotropin, lactate dehydrogenase and placental alkaline
phosphatase. In turn, parenchymal tumours of the pineal gland and other types are
negative for these oncomarkers (Favero G., 2021).

The sample of patients presented in this study showed different types of cystic
transformation of the pineal gland, without MRI evidence of masses or any specific
neurological symptomatology. Patients with large multicameral or unicameral cysts are
under long-term follow-up with no evidence of continued growth. Therefore, patients in
the sample presented, divided into 3 groups according to the type of cystic degeneration,
underwent saliva melatonin testing to determine the possible effect of the type of cystic

transformation on melatonin production. The determination of melatonin in saliva is
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related to the increasing diagnostic potential of this biological material and the advantages
of its collection. The choice of saliva over serum or urine is supported by the non-
invasiveness of the collection and the relatively high ease of examination. In addition,
saliva levels reflect the secretory profile of the nocturnal rhythm of melatonin (Rzepka-
Migut B., 2020).

6) Comprehensive magnetic resonance imaging, using a targeted SSFP sequence
on the pineal region, MR voxel-based morphometry (MR-VBM) and resting state brain
functional activity study (rs-fMRI).

2.3 Methodology for collecting saliva analysis for melatonin

Various body fluids can be used to determine melatonin levels: blood, saliva and
cerebrospinal fluid. The saliva test is a simple and non-invasive method of determining
melatonin levels and does not cause much discomfort to the patient. A group of patients
from the general sample underwent this analysis in the clinical laboratory of the National
Medical Research Centre of Psychiatry and Neurology named after V.M. Bekhterev. The
group consisted of 74 patients, of whom 30 had no structural changes in the structure of
the pineal gland and 44 had various types of cystic transformation (of which 18 had a
large cyst (Grade 3 and 4 according to Sirin S., 2016)).

The following conditions had to be met for the subjects to be tested:

1) Stop taking melatonin-containing medication three days before the saliva
collection: Melaxen, Melarena, Circadin.

2) If you are taking anti-inflammatory drugs, sleeping pills, beta-blockers,
antidepressants and calcium channel blockers, inform your examining doctor.

3) It is recommended that the study should be carried out on the background of the
natural sleep-wake cycle.

4) Avoid caffeine, alcohol, emotional and physical stress during the day and
throughout the saliva collection period.

5) No smoking one hour before the saliva collection.

6) Women should have the test between day 7 and 14 of their menstrual cycle.

Saliva collection took place under several conditions. The time of saliva collection

was between 02:00 and 03:00 a.m. The subjects had to wake up for the alarm clock, as
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this was the time of peak melatonin production. After awakening, the subjects had to rinse
their mouths with water and begin saliva collection 10 minutes later. It was recommended
that saliva should be collected in dim light, in a minimum volume of at least 1 ml into a
previously given sterile transport tube through a tube, without the lips touching the tube
itself. Then the tube should to be wrapped in foil and immediately placed in the freezer
compartment of a refrigerator. The required storage temperature was -17...-23°C. It was
necessary to transport the frozen saliva tubes to the laboratory in the morning of the day
of collection. Transport was performed by patients in thermoses with ice cubes or
wrapped in pre-frozen cold packs. Similarly collected samples were placed in a freezer
and frozen at minus 20 degrees Celsius in a clinical laboratory setting. Immediately prior
to laboratory testing, samples were thawed, stirred on a vortex and centrifuged for 10 min
at 2000-3000 g on an Eppendorf 5702 centrifuge (Germany) to remove solid particles.
The samples were used once.

TECAN reagent kit Cat. no. RE 54041 (Switzerland) was used to determine the
amount of melatonin in the saliva of patients based on the competitive enzyme
immunoassay method. The essence of the method is competition between biotinylated
and non-biotinylated antigen for a limited number of antibody binding sites. The amount
of biotinylated antigen bound to antibodies is inversely proportional to the concentration
of melatonin (analyte) in the sample. When the system reaches equilibrium, the free
biotinylated antigen is removed by washing. The amount of biotinylated melatonin bound
to the antibody is determined using streptovidine peroxidase as a marker and TMB as a
substrate. Quantification of unknown concentrations of melatonin in test samples is
achieved by comparing the enzymatic activity of the samples with a calibration curve
constructed using standards. In each assay, 2 controls with low and high concentrations
of melatonin were used to judge the quality of the technique. The controls were included
in the kit.

The equipment used for this EIA method: a PST HL Plus thermoshaker and an
EL x 50 automatic washer. A Biotek ELx800 automatic microplate and strip photometer
capable of reading optical density at 450 nm (reference wavelength 600-650 nm) was

used as a reader. The data were processed using a dedicated Labtronix ELISA counting
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software. Obtained values were converted in pg/ml to Si system with conversion factor
4.3. Data were presented in ppmol/L units.
2.4 Comprehensive magnetic resonance imaging technique

All volunteers underwent an MRI study on a Toshiba ExelartVantage MRI scanner
with a magnetic induction of 1.5 Tesla. The MRI scanning was performed in 2 stages.

At the turn of 2017-2019, a sample of 101 healthy volunteers was collected into a
common gender and age database and patented (patent number 2021621983).

As part of the first phase, these individuals were scanned using a protocol
including: Sg T2, 3D-MPRAGE (3D T1 sequence), fMRI (BOLD sequence at rest with
light off). Technical parameters of the pulse sequences are presented in Table 1.

Table 1 — Technical parameters of pulse sequences

Pulse TR TE FoV Number | Slice Flip Time

sequence of cuts | thickness

Sag T2 4300 | 105 25.0 20 5.6 90 1:48
Ax T1- 12 5 25.6 150 1 20 9:32
MPRAGE

Ax BOLD [ 3000 |40.0 25.6 34 4.0 70 9:00

Note: Sag — sagittal; Ax — axial; T1-MPRAGE — Magnetization Prepared — Rapid
Gradient Echo — 3D pulse sequence with inversion pre—magnetisation, BOLD — blood
oxygenation level dependent imaging; TR — time of repetition; TE — time echo; FoV —
field of view; Flip — rotation angle of hydrogen proton axis during radio frequency pulse.

A second phase took place at the turn of 2020-2021, as part of the current study, in
which some patients were re-examined using the newly developed protocol based on the
scientific database that had already been collected.

Also new individuals were included with the presence of a large PGC (diameter
greater than 10 mm) that had been detected in early MRI examinations or identified in
the course of the department's work on outpatient appointments. 48 individuals were

included totally.
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The newly developed protocol included the following pulse sequences: Sg T2, Ax
FLAIR, Ax T2, Ax HEMO, DWI, T1-MPRAGE, fMRI. The study was also supplemented
by the performance of a targeted sagittal midline SSFP PS to allow detailed assessment
of the size and structure of the pineal gland (Table 2).

Table 2 - Technical parameters of the pulse sequences

Pulse TR TE FoV | Number of | Slice Flip | Time
sequence cuts thickness
Sag T2 4300 | 105 | 25.0 20 5.6 90 1:48
Ax T2 HEMO | 857,9 | 25.0 | 24.0 23 5.0 25 2:25
Ax T1- 12 5 25.6 150 1 20 9:32
MPRAGE
Ax T2 7704,1 1 105.0 | 24.0 36 3.0 90 3:13
Ax FLAIR | 10000 | 105.0 | 25.0 33 4.0 90 4:10
Ax BOLD 3000 | 40.0 | 25.6 34 4.0 70 9:00
Sag SSFP 10,0 5.0 | 225 32 1.0 70 1:49
DWI 5900 |100.0| 25.0 20 6.0 90 0:36

Note: Sag — sagittal; Ax — axial; HEMO — T2*-weighted gradient echo sequence;
T1-MPRAGE — Magnetization Prepared — Rapid Gradient Echo — 3D pulse sequence
with pre-magnetization inversion pulses; FLAIR — fluid attenuated inversion recovery —
long inversion time sequence; BOLD — blood oxygenation level dependent imaging;
SSFP — steady—state free precession — high resolution pulse sequence, by means of strong
T2-weighted 3D gradient echo; DWI — diffusion weighted imaging; TR — time of
repetition; TE — time echo; FoV — field of view; Flip — rotation angle of hydrogen proton

axis during radio frequency pulse.
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DWTI and their derived measured diffusion restriction coefficient (ADC) maps were
included in the protocol as a standard sequence in the study of brain matter. In addition,
the theory proposed by P. K. Eide et al. and described earlier in a literature review, that
non-occlusive cysts found in volunteers may compress deep cerebral veins (internal
cerebral vein, Rosenthal vein, Galena vein) and consequently cause symptoms of central
venous hypertension, manifested by signs of interstitial thalamic edema.

ADC maps based on b-factor 0 and 1000 diffusion images were used to clarify the
presence of possible interstitial edema. ADC was determined in pre-defined brain regions
on both sides, which is the ratio of the average ADC from the standardised area of interest
(ROI), the thalamus being chosen, to the average ADC from the standardised area of
interest in the central white matter of the hemisphere on each side. For this purpose, the
average diffusion restriction coefficient at the thalamic level (Thalamus ADC average)
and at the central white matter level (white matter ADC average) were calculated
separately on GE's AW Server workstation (identical areas were exposed using the ROI
reflection function) (Figure 4). That way was calculated he thalamic ADC ratio based on

the Thalamus ADC average and the white matter ADC average).

Figure 4 — Example of Talamic ADC Ratio measurement

SSFP sequence has been targeted at the pineal level. The main advantage of SSFP

is the ability to generate a strong signal in tissues that have a high T2/T1 ratio, such as
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cerebrospinal fluid and adipose tissue, including cystic transformation of the pineal gland.
With this sequence, the structure of the pineal gland can be seen in more detail, more
accurate measurements of cyst size can be made, and features of the cyst wall can be
considered. Using this sequence, the anteroposterior dimension of the cyst was measured
in the sagittal plane.

The tectum-splenium-cystic coefficient (tectum-splenium-cyst ratio) was also
calculated, which is the ratio of cyst thickness to the shortest distance between the
quadrigeminal plate and the corpus callosum in an identical mid-sagittal plane, i.e. both
these distances were measured along one line in one section, as shown in Figure 5.

In addition, in the presence of PGC, the degree of compression of the quadriplegic
plate was assessed and classified as absent, moderate or significant. The presence of PGC

was also assessed for aqueduct stenosis, the criterion for which was size 1.5 mm or less.

Figure 5 — Example of measurements in a patient with a large PGC. 1-
Measurement of the width of the lumen of the aqueduct. 2-thickness of the cyst,
and 3-distance from the splenium of the corpus callosum to the quadrigeminal
plate. It is also visualized smoothing contours of the tectal plate, suggesting
moderate compression
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Based on the calculated thalamic ADC Ratio and tectum-splenium-cyst ratio,
patients with different sized PGCs were categorised from 1 to 4, reflecting the risk of
central venous hypertension (as classified by P. K. Eide). Grades based on the numerical
values of the ratios are shown in Table 3.

Table 3 — Degree of MR evidence of central venous hypertension

Categories MR markers of central venous hypertension

Grade 1 Tectum-splenium-cyst ratio< 0.9

Talamic ADC Ratio< 1.01

Grade 2 Tectum-splenium-cyst ratio >0.9

Talamic ADC Ratio< 1.01

Grade 3 Tectum-splenium-cyst ratio< 0.9

Talamic ADC Ratio >1.01

Grade 4 Tectum-splenium-cyst ratio > 0.9

Talamic ADC Ratio >1.01

Based on the MR imaging study, all patients were divided into 5 groups according
to the structural changes detected in the pineal gland based on the proposed classification
(Sirin S, 2016). Each patient was assigned a numeral-letter designation, in which a digit
from 0 to 4 indicated the morphological variant of pineal gland structure (no cyst — 0,
single cyst — 1, multicystic pineal gland (without enlargement) — 2, multicystic pineal
gland (enlarged without edge displacement) — 3, multicystic pineal gland (enlarged and
edge displacement) — 4), and a letter (a, b, ¢) cyst size - (a (<5 m), b (6-9 mm), ¢ (=10
mm). For example, 2a, 3¢, 4b, and so on. Examples of these changes are shown in
Figure 6.

The index of edge displacement was assessed in the axial plane, on SSFP PS and
3D-MPRAGE sequences. This criterion was considered positive when the PGC extended

beyond the contours of the gland and extending into the surrounding liquor space, or when
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the cyst was located on the periphery of the gland and at least one edge of the cyst was

not visualized with a strip of pineal tissue.

D E

Figure 6 — Different types of pineal gland cyst structure according to MRI data (A,
B, C, D — SSFP - PS, E — TI-MPRAGE). A — No cyst — 0 (patient N. (OC Ne28357,
2018), B — Single cyst — 1 (patient K. (OC Ne25673, 2017), C — Multicystic pineal
gland (no enlargement) — 2 (patient C. (OC Ne34522, 2021), D — Multicystic pineal
gland (with enlargement without edge displacement) — 3 (patient D. (OC Ne34561,
2021), E — Multicystic pineal gland (with enlargement and edge displacement) — 4
(patient M. (OC Ne28369, 2018)

2.5 Methods for post-processing magnetic resonance morphometry data
Processing of acquired data based on TI-MPRAGE sequence (3D T1 sequence)
was performed in FreeSurfer v.6.0 software, previously converting data from DICOM

format to NIFTI format, which is designed for postprocessing information processing.
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FreeSurfer is a suite of software packages that allow the assessment of subcortical
nerve structures as well as the cortex on both the internal and pial surfaces. In addition,
this software provides the ability to measure cortical thickness of different regions,
surface area and cortical volume, as well as comparative analysis between groups.

Cortical parcellation and segmentation of subcortical structures is based on the two
atlases used in FreeSurfer: the Desikan-Killiany atlas and the Destrieux atlas containing
smaller fragments. The Desikan-Killiany atlas defines a gyrus as a cortical region
bounded by the bases of two adjacent sulcus. A gyrus includes the part of the cortex
visualized on the pial surface of the brain along with the bases of adjacent sulcus that
bound this region.

In the Destrieux atlas, the gyrus includes only the part of the cortex visualized on
the pial surface of the brain. The bases of adjoining sulci do not belong to the gyrus. The

difference in imaging between the different atlases is shown in Figure 7.

Figure 7 — Comparison between Desikan-Killiany (left) and Destrieux (right). In
the Desikan-Killiany atlas a gyrus is defined as an area of cortex bounded by the
bases of two adjacent sulci, i.e. a gyrus includes the part of the cortex visualised on
the pial surface of the brain together with the foot of the adjacent sulci bounding
this area. In the Destrieux atlas the gyrus includes only the part of the cortex
visualized on the pial surface of the brain. The bases of adjoining sulci are not
included in the gyrus
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After preliminary subtraction of bony structures, the initial data was marked
according to the MontrealNeurological Institute space — MNI305. The white matter
affiliation of the points was assessed based on their location in this space, as well as the
signal intensity from these and neighbouring points.

These points were then classified into white matter and non-white matter structures.
The white matter data was followed by subtracting its volume and then obtaining a
cortical surface facing the white matter. Subsequent removal of voxels in the
cerebrospinal fluid projection allowed visualisation of the pial surface of the brain.

In this way, a volumetric model of the cerebral cortex was obtained, allowing
estimation of cortical thickness and surface area at any point. The process of segmentation
of subcortical structures was performed in several stages: affine registration with MNI305
space, initial volumetric labeling, high-dimensional nonlinear volumetric alignment with
MNI305 atlas and final labeling.

The resulting data, completing the parcellation and segmentation steps, were based
on data from the atlases provided. Each developed atlas consists of reference values for
each point, which have been assigned to white matter, grey matter or cerebrospinal fluid,
based on the calculation of three types of probabilities. The final step was the creation of
thickness, volume and curvature maps, which are required for cortical surface analysis.

In order to perform a group analysis, the data were placed in a single dataset and
recalculated in a reference template so that each subject's data had the same parameters.

A generalized linear model was applied to find clusters of correlation between
comparison groups. Correction for multiple hypothesis testing was performed using
cluster correction using p=0.05 for clusters, p=0.001 for vertex threshold.

2.6 Methods for processing resting state functional MRI data

The basis of resting state functional MRI is the BOLD-sequence, which is based
on the difference in cerebral blood flow in different regions of the brain to determine its
activity. In response to the activation of a particular cortical region, there is a drop in the
level of oxygenated haemoglobin in the blood fraction of locally located capillaries and

an increase in the level of carbon dioxide and deoxyhaemoglobin. The fundamental
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difference in the paramagnetic properties of oxy- and deoxyhaemoglobin is the basis of
the BOLD sequence.

The fMRIrs data between the two study groups were processed in CONN-
TOOLBOX. It’s a Matlab-based cross-platform software designed to process, display and
analyse functional relationships at resting state. CONN-TOOLBOX includes many tools
for functional connectivity analysis: SBC correlation analysis (SBC), ROI-to-ROI
functional connectivity analysis, independent component group analysis (ICA), dynamic
component analysis (dyn-ICA), generalized psychophysiological interaction analysis
(GPPL), internal connectivity analysis (IC), comprehensive motor and physiological
artifact correction tool (CompCor) and others. In our work, 2 tools were used: a
correlation analysis based on initial values (SBC) and a functional connectivity analysis
of pre-selected areas of interest (ROI-to-ROI).

The pre-processing step included several steps: importing images into the software,
specifying the BOLD signal repetition time, removing unwanted noise and potentially
distorting effects from movement, breathing, heartbeat and pulsation of cerebrospinal
fluid. After the pre-processing steps, the functional brain connectivity was assessed and
the main and control groups were compared. Correlation analysis based on initial values
was performed by creating connectivity maps (SBS), which clearly show the level of
functional connectivity between a point in the brain and each voxel in the BOLD time
series and calculated as Fisher-transformed bivariate correlation coefficients between
these voxels.

Functional connectivity indicators of areas of interest (ROI-to-ROI) characterize
the relationship between all pairs of areas of interest in a predetermined set of regions.
The definition of these indicators follows the same organisation and properties as the
connectivity measures based on initial values, but avoids SBC asymmetries between
initial values (ROI) and target voxels. The connectivity matrices reflect the level of
functional connectivity between each pair of areas of interest.

A generalised linear model was used to perform an intergroup analysis of the results

of all functional relationship analysis techniques. Cluster correction with p <0.05 for
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cluster and p <0.001 for voxel was performed to exclude the effect of multiple
comparisons.
2.7 Statistical analysis

Statistical analysis of the data was carried out using the IBM SPSS Statistics v.19
statistical package.

Student's t-test was used to compare the means of the two groups if the distribution
of the samples was normal, otherwise the Mann-Whitney test was used. Normality of
distribution was determined by the Shapiro-Wilk test.

One- and two-factor analysis of variance was used to compare the three groups'
means, and homogeneity of variance was tested using Lieven's test. In cases of
homogeneity of variance, F-criterion and Tukey's multiple comparison test were used.

In cases of heterogeneity of variance, provided the numbers of groups were equal,
Welch test and Tamhein multiple comparison test were used. If the numbers of groups
did not match, as well as for the analysis of medians of rank characteristics, the Kraskell-
Wallis test was used, followed by the Mann-Whitney test with Bonferroni correction for
class pair comparison.

A z-criterion was used to compare sample frequencies between groups. If there
were more than two groups to be compared, the Bonferroni adjustment was also applied.

Spearman's correlation coefficient was used in the relationship analysis, as the
distributions of the features were not normal.

The main tools for statistical analysis of neuroimaging studies were the specialist
software packages FreeSurfer and CONN-TOOLBOX.

In the FreeSurfer, after preparing the data for group analysis, all the individual
structural maps of the volunteers are combined into one dataset, overlapping each other
in layers. The collected data is then resampled into a fsavarage template, which is located
in MNI space. A general linear model is then applied using the software, which
automatically produces results in the form of images that mark the p-value map on the
brain model. Next, a form of multiple value correction, known as cluster correction, was

used to ensure that the results were not false positives.
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Analysis in CONN-TOOLBOX allows inferences to be made about the properties
of groups by summarising the results of the subjects' observations in the study, using a
general linear model.

A general linear model defines a multivariate linear relationship between a set of
explanatory/independent indicators X and a set of outcome/dependent indicators Y. In the
context of MP analysis of functional connectivity, the outcome variable y [n] will
typically take the form of a vector-string encoding the functional connectivity values
recorded in the nth subject in the study in one or more experimental conditions. The
explanatory variable x [n] will be a vector-string encoding one or more group, behavioural
or demographic variables for the same subject.

Cluster-level statistical analysis methods can be divided into two large groups:
voxel-based analysis and area of interest selection (ROI-to-ROI) analysis. Functional
activation fMRI analysis or connectivity maps produce a single statistical parametric map
with a single T or F value for each voxel in that map characterising the effect of interest

at each location (e.g. the difference in connectivity between two groups).
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CHAPTER 3. RESULTS OF THE STUDY

3.1 Results of comprehensive magnetic resonance imaging
3.1.1 Standard MRI examination
149 volunteers underwent a standard MRI stady. In 70 of them, the pineal gland

had a normal structure (Figure 8). The mean thickness of the pineal gland was 4.1310.23

mim.

Figure 8 —- MR image of patient K. (OC No. 32556, 2020), T2-PS, in the sagittal
plane with normal pineal gland structure (indicated by arrow)

Cystic transformation of varying nature was detected in 79 (Figure 9). In the group
with cysts less than 10 mm, the pineal gland thickness was 4.71£0.33 mm and in the

group with large cysts it was 8.19+£2.07 mm.
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Figure 9 — MR images of patient D., (OC Ne 34557, 2021), SSFP-PS, in the sagittal
plane with a cyst less than 10mm (A) and patient Sh., (OC Ne 34876, 2021), SSFP-
PS, in the sagittal plane with a cyst over 10mm (B) (indicated by arrows)



All patients were divided into 5 groups based on the structural changes of the pineal gland

according to standard MR imaging based on a previously presented classification (Sirin

S, 2016) (Table 4).
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Table 4 — Distribution of patients according to structural changes in the pineal

gland
Structural changes | a (<5 | b(6-9 | ¢ (>10 Number of Distribution by
of the pineal gland | m) mm) | mm) patients gender, people
No cysts - 0 : : i 70 (47%) ;‘( ) 3;
: 24 2 M-7
Single cyst - 1 (16.1%)| (1.4%) 0 26 (17,5%) % - 19
Multicystic pineal
25 1 M- 12
gland (no o 0 0 26 (17,5%) i
magnification) - 2 (o) (@550) 2
Multicystic pineal
gland (enlarged ) o 4 o M-3
without edge (1,3%) AE0) (2,68%) AC) x -6
displacement)-3
Multicystic pineal
gland (with v-6
enlargement and 0 6 (4%) |12 (8%) 18 (12%) - 12

edge displacement)
-4

Table 4 shows that all the volunteers examined were divided into 2 roughly equal

groups based on MRI findings: 70 (47%) people without signs of morphological changes
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in the pineal gland structure and 79 (53%) with the presence of different variants of cystic
transformation, of which 26 (17.5%) had a single cyst in the pineal gland structure, the
same number had a multicystic pineal gland without signs of its enlargement. 9 (6%) had
multicystic pineal gland with signs of enlargement and no edge displacement and 18
(12%) had multicystic pineal gland with signs of enlargement and edge displacement.

In a two-factor analysis of variance, there was a statistically significant difference
in mean age between individuals without a cyst (0) and multicystic pineal gland with
signs of enlargement and edge displacement (4) (p=0.042). Individuals in the latter group
were younger, with a mean age of 33+3.4 years, compared with 45+1.7 years in the former
group. In the group with multicystic pineal gland with enlargement and without edge
displacement (3), the mean age was also quite young, 33+5 years, but due to the small
number of individuals in the group, no statistically significant difference was found with
other groups (Table 5).

There was also no effect of gender on cyst type (p=0.840) and the combination of
gender and cyst variant showed no effect on mean age (p=0.838).

Table S — Comparison of groups by average age

Type Mean age in the group, M+m p-value
of cyst
0 Pos = 0.042
m - 45+13.1; g - 45+16.2; total45+1.7 In the
1 remaining
m - 33£11.8; g - 37+14.3; total 35+3.2 groups
p>0,05
2

m - 40+13.3; g - 43+16.1; total42+2.8

m - 37+27; g - 30+10.3; total33+5
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m - 32+12; g - 36+10; total33+3 .4

Additionally, individuals with PGC greater than 10 mm were examined using a
protocol that also included an SSFP-PS in the sagittal plane in order to clarify the nature

of structural changes in the pineal gland. The imaging benefits of the SSFP-PS are shown

in Figure 10.

Figure 10 — MR images of the brain. Comparison of two-dimensional T2-PS in the
sagittal plane (A) and three-dimensional SSFP-PS in the sagittal and axial planes
(B, C) in the same patient G., (OC Ne34748, 2021). In the image (A), the cyst
appears to be unicameral, but in the 3D sequence (B, C), the PGC appears to be
multicameral and large in size. The content of one chamber has a slightly reduced
MR signal, suggesting increased protein content. This multicameral cyst can be
considered atypical. The changes described are indicated by arrows

In 8 subjects, the original interpretation of 'solitary pineal gland cyst' changes was
changed to multicystic changes. An additional was also assessed criterion for edge

displacement in the case of a large cyst (Figure 11).
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B

Figure 11 — MR images of the brain, SSFP-PS, axial plane. Variants of cystic
transformation without edge displacement in patient L. (OC Ne32234, 2020) (A)

and with edge displacement in patient A. (OC Ne32256, 2020) (B) (indicated by
arrows)
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Subsequently, based on the changes identified by the SSFP-PS, DWI-PS from the
second phase of the dataset were taken data of 48 people to assess whether they had MR
patterns of central venous hypertension and to assess the impact of the pineal gland
structure on the surrounding structures.

Volunteers were conventionally divided into 3 groups of equal numbers based on
cyst size: the first group without cysts, the second with small cysts (less than 10 mm) or
small cystic degeneration and the third with a large cyst over 10 mm (Table 6).

In the group with large cysts, out of 16 people, 11 had category 4c, where 4 is a
multicystic pineal gland with an increase in size and edge displacement.

5 people were assigned category 3c, where 3 is a multicystic pineal gland with an
increase in size and no edge displacement.

In the group with small cysts, out of 16 people — 9 people were given category la,
6 people were given category 2a, 1 person was given category 4b.

Analysis of variance between the three groups revealed that the group of
individuals with large cysts was significantly (p;3 = 0.025) younger than the group
without evidence of cysts, but not significantly different from those with small cysts. The
mean age of patients with large cysts was the youngest at 30.81+10.8 years.

In addition, the mean thickness of the pineal gland in the group of individuals with
a large cyst was 8.19+2.07, compared with individuals with a small cyst (4.55+1.03) and
without a cyst (4.14+0.78), which was statistically significantly greater (p;3 = 0.0004,
p2.3=0.0004).

The same ratios were obtained when assessing the significance of the difference in
the mean distance from the corpus callosum to the tectal plate in each group.

The mean value in the group with large cysts was 10.39+1.6, which was

significantly greater (p;3=0.002, p,3=0.0004) compared with the other groups.
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Table 6 - MRI-detected changes in patients with different PGC variants

Indicators

Without
PGC

With small
PGC (less
than
10mm)

With large
PGC (over
10mm)

F-
criterion

p-value

Number of
patients,
people

16

16

16

Average age,
years

42,5414

35,88+11,
3

30,81+10,8

3,703

P13 = 0.025

Average
pineal gland
thickness,
mm

4,14+0,78

4,55+1,03

8,194+2,07

40,008

p13=0.0004
P23 = 0.0004

Average
distance
from the
splenium of
the corpus
callosum to
the tectal
plate, mm

8,4+1,4

7,96+1,7

10,39+1,6

11,130

P13= 0.002
P23 = 0.0004

Signs of
aqueduct
stenosis,
man

p13 <0.05;
p23 <0.05

Signs of
tectal plate
compression,
man

p> 0,05

None of the patients showed evidence of occlusive hydrocephalus, but 8 had non-
critical aqueduct stenosis (1.5 mm or less). In addition, patients with category 4 had the
narrowest aqueduct lumen (1.1-1.2 mm) (Figure 12). One person showed signs of tectal

plate compression (Figure 13).
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Figure 12 - MR images of the brain, SSFP-PS, sagittal plane. Signs of aqueduct
stenosis in the presence of a large cyst in patient A. (OC Ne32256, 2020) (A). Its
width in the sagittal plane at its narrowest point is 1.1mm. For comparison, here is
an image of patient B. (OC Ne33598, 2020) with PGC, who has a 2.2-mm wide
ductus (B)



Figure 13 — MR images of the brain, SSFP-PS, sagittal plane. Signs of compression
of the quadrigeminal plate in patient C. (OC Ne33768, 2020) (A). The lamina is
thinned, flattened, and its upper contour is smoothed due to volumetric exposure.
For comparison, there is an image of the PGC of patient L (OC Ne33786, 2020)
without any signs of impact on the quadrigeminal plate. It has convex contours in
the sagittal plane (B) (indicated by arrows)
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On the basis of the grades 1 to 4, the tectum-splenium-cyst ratio and ADC
coefficient revealed that, in the group of volunteers with cysts > 10 mm, 8 of 16 people,
representing 50% of this group, were at high risk for central venous hypertension (grades
3 and 4). Interestingly, only volunteers in this group were with grade 4.

A comparative analysis using the Kraskell-Wallis method revealed a statistically
significant difference between the third group and the second and first groups.

The third group had a higher grade on average than the first and second groups
(p13=0.004, p23=0.013), which supports the importance of using the calculation of this
indicator (Table 7).

Table 7 — Comparison of groups by Grade

Grade Without PGC | With small With large p-value
PGC (less PGC (over
than 10mm) 10mm)
Grade 1, 14 13 5 p13 <0.05;
person p23 <0.05
Grade 2, 0 0 3
person
p> 0,05
Grade 3, 2 3 6
person
p> 0,05
Grade 4, 0 0 2
person
p> 0,05

In the second group, there were no signs of aqueduct stenosis and tectal plate
compression in those with PGC less than 10mm. However, three subjects were classified
as grade 3, based on a Thalamus ADC Ratio of more than 1.01.

In a third control group, those without PGC also showed no signs of aqueduct
stenosis and tectal plate compression, but grade 3 was assigned to 2 volunteers, which

may be due to other causes of venous outflow abnormalities.
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3.1.2. MR morphometry

During the analysis of the MR morphometry and resting state functional MRI data,
all patients were conditionally divided into 2 groups: the main group with PGC and the
control group without the presence of a cyst.

Based on MR morphometry using a generalised linear model with cluster
correction, significant differences in cortical thickness were observed in both left and
right hemispheres in those with PGC, compared to control groups.

A statistically significant cluster located in the postcentral gyrus (p=0.00420) was
detected in the left hemisphere in individuals with PGC. The data are presented in Table 8.
Table 8 — Volumetric measures of left hemisphere cortical thickness in patients

with PGC compared to control group (p < 0.05)

Cortex |Max [ Vtx [Size | MNI | MNI | MNI |CWP | CWP [CW | NV | Wght
area Ma |[(m |X Y Z Low |PHi [txs | Vtx
X m”"2
)
Postcen | 4.92 | 119 [94.4|-40.2|-34.5 [51.1 |0.004|0.003|0.00 |22 |[488.7
tral 06 428 4 ) 4 500 |5 1
gyrus

Note: Max — maximum voxel significance in the cluster, VtxMax — vertex at
maximum, Size(mm”2) — cluster size in square millimetres, MNIX, MNIY, MNIZ —
MNI305 coordinates, CWP — cluster p-value (CWP=Cluster-Wise P-value), CWPLow —
lower 95% confidence interval of CWP, CWPHi — upper 95% confidence interval of
CWP, NVtxs - number of vertices in cluster.

It was found that the detected cluster was clearly located in the medial cortex and
did not extend beyond other areas according to the atlases used to represent the data
supplied with FreeSurfer: the DesikanKilliany atlas and the Destrieux atlas, which

contained smaller fragments.
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Figure 14 — Colour mapping of the absolute difference in left hemisphere cortical
thickness obtained by subtracting the morphometric metrics of the control group
from the morphometric metrics of the group of individuals with PGC on a 2D
sweep (A) and 3D reconstruction (B) using the Desikan-Killiany atlas and the
Destrieux atlas (C, D)

To visualise the changes detected was performed a subtraction of the derived
cortical metrics between the control group and PGC patients, followed by reconstruction

of both a 3D hemispheric model and a 2D sweep to eliminate visualisation problems

caused by the complex pattern of sulcus and gyrus (Figure 14).
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A statistically significant cluster located in the superior parietal gyrus (p=0.02660)
was detected in the right hemisphere in individuals with PGC. The data are presented in
Table 9.

Table 9 — Volumetric measures of right hemisphere cortical thickness in patients

with PGC compared to control group (p < 0.05)

Cortex |Ma | VtxM | Size( [ MNI | MNI [ MNI |CWP |CW [CW [NVt | Wg
area X ax mm” | X Y Z PLo | PHi |xs htV
2) W tx

Upper |3.8 |3879 [922. [30.5 |[-55.0|41.2 |0.02 [0.02 |0.02 [212 |410

parietal | 979 12 46 660 |45 [870 |4 |43
gyrus
2

Note: Max - maximum voxel significance in the cluster, VtxMax - vertex at
maximum, Size(mm~”2) - cluster size in square millimetres, MNIX, MNIY, MNIZ -
MNI305 coordinates, CWP - cluster p-value (CWP=Cluster-Wise P-value), CWPLow -
lower 95% confidence interval of CWP, CWPHi - upper 95% confidence interval of
CWP, NVtxs - number of vertices in cluster.

The same phenomenon of the location of this cortical cluster in the structure of only
one gyrus is repeated similarly in the left postcentral gyrus. The data are clearly
demonstrated in Figure 15.

Thus, it was found that patients with PGC have areas of increased cortical thickness

in the parietal lobes of both hemispheres compared to healthy volunteers.
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Figure 15 - Colour mapping of the absolute difference in right hemisphere cortical
thickness obtained by subtracting the morphometric metrics of the control group
from the morphometric metrics of the group of individuals with PGC on a two-
dimensional sweep (A) and three-dimensional reconstruction (B) using Desikan-
Killiany atlas, and Destrieux atlas (C, D)

3.1.3 Resting state functional MRI
Based on the post processing data of two groups was identified a statistically
significant decrease in connectivity in individuals with PGC in 6 different resting neural

networks: 1) Default Mode (passive mode network), 2) SensoriMotor (sensorimotor
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network), 3) Salience (significance detection network), 4) DorsalAttention (dorsal
attention network), 5) FrontoParietal (part of executive control network), 6) Language
(language network). One of the main components of each network was taken in turn as
areas of interest by processing fMRIrs data in each of the networks,

The DefaultMode network includes the ventromedial and dorsomedial prefrontal
cortex, lateral parietal cortex and posterior cingulate cortex (PCC) along with adjacent
portions of the precuneus. Analysis of the data using the connectivity mapping technique
based on initial values, with selection of the posterior cingulate as the area of interest,
revealed 2 significant clusters of decreased connectivity in individuals with PGC
compared to control group (p<0.05) (Table 10).

Table 10 — Areas of reduced activation in the resting state network DefaultMode

in individuals with PGC compared to control group (p < 0.05)

Area of Area of the brain Field by Size p-value
interest Broadman | (voxel)
Posterior Left postcentral sulcus 2,3,40 1205 0.000000000
cingulate (74%) 0001
cortex Left precentral sulcus
(PCO) (16%)
Right postcentral sulcus 3,4,40 478 0.000033
(57%)
Right
precentral sulcus (24%)

The data in the table show that the largest cluster of decreased functional
connectivity detected in relation to the posterior cingulate gyrus was visualised in the

predominantly right and left postcentral sulcus cortex projections (Figures 16, 17).
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Figure 16 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. A decrease in activity is visualised in the predominantly
left postcentral sulcus projection in the axial (A), frontal (B) and sagittal planes (C)

Figure 17 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. A decrease in activity is visualised in the predominantly

right postcentral sulcus projection in the axial (A), frontal (B) and sagittal planes

©
The SensoriMotor network includes functional areas in the primary motor cortex,
cingulate cortex, dorsal and ventral premotor cortex and supplementary motor area. It
also includes the primary and sensory cortices of the parietal lobe.
These areas are conventionally divided into superior and lateral areas, each of them

was assessed separately. In this network were identified 6 clusters of connectivity
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impairment with the lateral part of the network and 1 cluster with the superior part
(Table 11).

Table 11 — Areas of reduced activation in the resting state network Sensori Motor

in subjects with PGC compared to control group (p < 0.05)

Area of Area of the brain Field by Size p-value
interest Broadman | (voxel)
Lateral Left precuneus cortex (85%) 7,31 587 0.000002
part of the | Left postcentral sulcus (8%)
network Right precuneus cortex (85%) 7,31 304 0.000004
Right cuneate cortex (24%)
Cortex of the left insula (30%) 13,47 299 0.000002
Left putamen (17%)
Cingulate gyrus (92%) 24,32 293 0.000006

Right paracingulate gyrus (2%)
Cingulate gyrus (34%) 9,32 287 10.000011

Left paracingulate gyrus (29%)

Right angular gyrus (70%) 40,13 186 0.000015
Supramarginal gyrus (26%)
Upper part | Cingulate gyrus (66%) 24,32 760 0.000014

Right paracingulate gyrus (11%)

The table shows that the largest identified clusters of decreased functional
connectivity, relative to the lateral network, were visualised in the projection of
predominantly left and right precuneal cortices, insula cortex, cingulate gyrus, right and

left paracingulate gyrus (Figures 18, 19, 20, 21, 22).
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Figure 18 — Colour mapping of the absolute difference in activation obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the predominantly left

precuneus projection in the axial (A), frontal (B) and sagittal planes (C)

A B C

Figure 19 — Colour mapping of the absolute difference in activation obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the predominantly
right precuneus projection in the axial (A), frontal (B) and sagittal planes (C)
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Figure 20 — Colour mapping of the absolute difference in activation obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the predominantly left

insula cortical projection in the axial (A), frontal (B) and sagittal planes (C)
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Figure 21 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualized in the predominantly
cingulate cortex and right paracingulate gyrus projection in the axial (A), frontal
(B) and sagittal (C) planes
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Figure 22 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualized in the predominantly
cingulate cortex and left paracingulate gyrus projection in the axial (A), frontal (B)
and sagittal (C) planes

In relation to the superior part of the network, an area of decreased connectivity is
also visualised in the cingulate gyrus structure, with a tendency to transition to the right

paracingulate gyrus (Figure 23).
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Figure 23 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualized in the projection of
predominantly cingulate cortex and right paracingulate gyrus in axial (A), frontal
(B) and sagittal planes (C)

In the Salience Network, the main functional areas or nodes of the network are
located in the anterior cingulate, anterior insular lobe, and accessory in motor areas. The

SN also includes nodes in the amygdala, hypothalamus, ventral striatum, thalamus and
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specific brainstem nuclei, also in the anterior cingulate cortex (ACC), rostral prefrontal
cortex (RPFC), parahippocampal gyrus, olfactory lobe and ventral tectum area (VTA).
Processing of the data in this network were identified four clusters of significant reduction
in connectivity, with the anterior cingulate cortex (1 cluster), left rostral prefrontal cortex
(1 cluster) and right rostral prefrontal cortex (2 clusters) as areas of interest. The data are
presented in Table 12.

Table 12 — Areas of reduced activation in the resting state network Salience

Network in individuals with PGC compared to control group (p < 0.05)

Area of interest Area of the brain Field by Size | p-value

Broadman | (vox

el)

Anterior cingulate Left precentral gyrus (31%) 2,3.4,5,6 | 587 10,000003
cortex Right precentral gyrus (27%)
Left postcentral gyrus (21%)

Left rostral prefrontal | Left precentral gyrus (64%) 3,4,40 180 | 0,000056

cortex Left postcentral gyrus (31%)
Right rostral Left precentral gyrus (39%) 4,6,13 345 | 0,000009
prefrontal cortex Juxtapositional lobule cortex

(23%)

Right insula cortex (39%) 13 221 {0,000001

Right central operculum
(29%)
Putamen (13%)
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According to the table, the first cluster, in which the anterior cingulate cortex was
taken as the area of interest, was visualised in the left precentral, right precentral and left

postcentral gyrus, and it was the largest in size (Figure 24).

-4.93 0.00
]
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Figure 24 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection of the
left precentral, right precentral and left postcentral gyrus in the axial (A), frontal
(B) and sagittal planes (C)

The second cluster identified, with the left rostral prefrontal cortex as the area of

interest, was defined at the border of the left precentral and postcentral gyrus (Figure 25).

A B C

Figure 25 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection of the
left precentral gyrus in the axial (A), frontal (B) and sagittal planes (C)
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The third and fourth clusters identified, in which the right rostral prefrontal cortex
was taken as the area of interest, was identified two areas of reduced connectivity: one in
the left precentral gyrus with involvement of the juxtapositional lobula cortex, the other

in the right insula cortex with extension to the right central opercular cortex and putamen
(Figure 26, 27).

A B C

Figure 26 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. A decrease in activity is visualised in the projection
predominantly left precentral gyrus in the axial (A), frontal (B) and sagittal planes

©O

Figure 27 — Colour mapping of the absolute difference in activation obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. A decrease in activity is visualised in the projection
predominantly right insula cortex in the axial (A), frontal (B) and sagittal planes

©
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The DorsalAttention or dorsal attention network, being a bilateral network, is a
strong connection between the lateral occipital lobe, the precentral sulcus, the dorsal part
of the superior frontal sulcus, which is considered the frontal visual fields (FEF), the
ventral premotor cortex, the superior parietal lobe, the intraparietal sulcus (IPS) and the
sensorimotor middle temporal region. In this network were identified five clusters of
reduced connectivity, with the frontal visual field and intraparietal sulcus as the area of
interest (Table 13).

Table 13 — Areas of reduced activation in the resting state network

DorsalAttention in individuals with PGC compared to control group (p < 0.05)

Area of Area of the brain Field by | Size p-value
interest Broadman | (voxel)
Frontal Cingulate gyrus (91%) 24,32 199 0.00005
visual Right paracingulate gyrus
field (6%)
Intrapariet | Cingulate gyrus (83%) 24,32 315 0.000005
al suleus Left supramarginal gyrus 7,40 272 0.000024
(46%)
Angular gyrus (26%)

Left upper parietal lobe (19%)

Angular gyrus (71%) 40,39 174 0.000095
Right supramarginal gyrus

(25%)

Right middle frontal gyrus 6 160 0.000015

(82%)
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From the data in the table, one cluster, with the frontal visual field as the area of
interest, was visualised in the right cingulate gyrus, slightly extending into the

paracingulate gyrus (Figure 28).
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Figure 28 — Colour mapping of the absolute difference in activation obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Reduced activity is visualised in the projection
predominantly right cingulate gyrus in the axial (A), frontal (B) and sagittal planes

©
Using the intraparietal sulcus as the area of interest, four clusters of reduced
connectivity were identified. The first was visualised in the cingulate gyrus, the second
in the left supramarginal and angular gyrus, the third - in the right supramarginal and

angular gyrus and the fourth - in the right middle frontal gyrus (Figure 29, 30, 31, 32).
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Figure 29 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection of the
cingulate gyrus in the axial (A), frontal (B) and sagittal (C) planes
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Figure 30 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection of the
left supramarginal gyrus in the axial (A), frontal (B) and sagittal planes (C)
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Figure 31 — Colour mapping of the absolute difference in activation obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection
predominantly of the right angular gyrus in the axial (A), frontal (B) and sagittal
planes (C)
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Figure 32 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection of the
right middle frontal gyrus in axial (A), frontal (B) and sagittal planes (C)

The FrontoParietal Network is part of the executive control network, which

includes the lateral prefrontal cortex (LPFC) and posterior parietal cortex (PPC). Clusters

of reduced connectivity were identified in both areas of interest (Table 14).

Table 14 — Areas of reduced activation in the resting state network FrontoParietal

in subjects with PGC compared to control group (p<0.05)

Area of interest

Area of the brain

Field by

Broadman

Size (voxel) p-value

Lateral

prefrontal cortex

Site in the white matter
structure at the border of
the right frontal and

parietal lobes

13

213 0.000001

Posterior parietal

cortex

Left supramarginal
gyrus (66%)

Left postcentral gyrus
(13%)

40,2

0.000001

Right supramarginal
gyrus (anterior part)

(57%)

40,2

182 0.000128
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Right parietal opercular
cortex (21%)

Right supramarginal
gyrus (posterior part)
(15%)

The cluster of reduced connectivity to the lateral prefrontal cortex is a single site
located exclusively in the white matter at the border of the right frontal and parietal lobes

(Figure 33).

Figure 33 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection of the
white matter area at the border of the right frontal and parietal lobes in the axial
(A), frontal (B) and sagittal planes (C)

Two clusters of reduced connectivity to the posterior parietal cortex were located
predominantly in the left supramarginal and postcentral gyrus, as well as in the anterior
and posterior parts of the right supramarginal gyrus and right parietal opercular cortex

(Figure 34, 35).
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Figure 34 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the BE patient group. Decreased activity is visualised in the projection of the left

supramarginal gyrus in the axial (A), frontal (B) and sagittal planes (C)

Figure 35 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection of the
right supramarginal gyrus in axial (A), frontal (B) and sagittal planes (C)

The Language Network is one of the most complex in connectomics, which
consists of 5 interconnected subnetworks: sensorimotor network, passive mode network,
central executive network, dorsal attention network and significance detection network.

It is now recognised that the functional areas of the brain involved in language

function are located in the lateral prefrontal cortex, the left temporal region, namely the
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posterior superior temporal gyrus (pSTG), outside the Wernicke zone and the left
dorsomedial prefrontal cortex.

By data processing was identified 1 cluster of reduced connectivity in relation to
the posterior superior temporal gyrus (Table 15).
Table 15 — Areas of reduced activation in the resting working language network in

subjects with QE compared to controls (p<0.05).

Area of Area of the brain Field by | Size p-value
interest Broadman | (voxel)
Posterior part | Right supramarginal | 40,13 238 0.000081
of the superior | gyrus (83%)
temporal Right parietal
gyrus opercular cortex

(15%)

The single detected cluster was located predominantly in the right supramarginal

gyrus, involving part of the right parietal opercular cortex (Figure 36).
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Figure 36 — Colour mapping of the absolute activation difference obtained by
subtracting the functional metrics of the control group from the functional metrics
of the PGC patient group. Decreased activity is visualised in the projection of the
right supramarginal gyrus in axial (A), frontal (B) and sagittal planes (C)
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Thus, there were significant differences in the functioning of brain resting state
networks between individuals without morphological changes in the pineal gland and
with PGC.

By calculating the absolute difference in functional connectivity of all voxels in the
matrix, obtained by subtracting the functional metrics of the control group from the
functional metrics of the individuals with PGC, were identified areas of significantly
reduced connectivity in individuals with PGC.

A generalised linear model was used to perform an intergroup analysis of the
functional relationship results. Cluster correction with p<0.05 for cluster and p<0.001 for
voxel was performed to exclude the effect of multiple comparisons. The detected changes
are clearly demonstrated as an increase in the number of negative functional connections

located in the frontal and parietal lobes of both hemispheres (Figure 37).

Figure 37 — Absolute difference in functional connectivity of all voxels in the
matrix obtained by subtracting the functional metrics of the control group from
the functional metrics of the individuals with PGC
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It is visualised an increase in the number of negative functional connections, which
are located predominantly between both frontal and parietal lobes.

Thus, significant differences in functional brain connectivity were found in
individuals with PGC compared to the control group.

3.2 Results of other surveys
3.2.1 Results of the assessment of the somatic and neurological status of the
volunteers

All patients in the study were examined by a neurologist. The neurological
examination revealed that all of the subjects were compensated for their vital functions
and had no generalised or focal neurological symptoms.

3.2.2 Results of the extended questionnaire

The subjects were divided into 2 groups: a clinical group with a pineal gland cyst
(PGC) and a control group without a cyst, 33 and 30 subjects respectively.

No significant differences were found between the groups in assessing the affective
sphere and emotional state of the subjects.

1. Personality profile questionnaire

The results are presented as the mean value in each group and interpreted with a
special "key".

The results in the two groups did not differ from each other and were within the
normal range (Table 16).

Table 16 — Results of processing the personality questionnaire data

Indicator Group with PGC Group without PGC
Extraversion below average below average
Self-awareness, below average medium
organisation
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Willingness to agree, medium medium
cooperate
Emotional stability below average below average
Personal resources medium medium

2. Spielberger questionnaire

The results were calculated using a special "key" as the average value in both
groups for each type of aggression assessed, such as aggression as an actual state,
aggression as a trait (personality trait), aggression as a temperament trait, aggression as a
character trait, external aggression (heteroaggression), internal aggression
(autoaggression) and aggression control.

The resulting mean values (Figure 38) in each group were consistent with the

normal values, presented in Table 17.
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m With PGC = Without PGC

Figure 38 — Results of Spielberger questionnaire data processing, where ACT -
aggression as a current state, PA - aggression as a personality trait, TA -
aggression as a temperament trait, AC - aggression as a character trait, Hetero -
external aggression, Auto - internal aggression, CA - aggression control
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Table 17 — Table of data norms for scales

Aggression as an actual state 10,84+2,27
Aggression as a trait (personality trait) 18,52+3,75
Aggression as a characteristic of temperament 7,67+£2,58
Aggression as a character trait 9,02+2,91
External aggression (hetero-aggression) 15,18 +4,24
Aggression is internal (auto-aggression) 15,75+£3,71
Controlling aggression 21,9+4,93

3. Index of general (good) health/WHO (1999 version)

The mean score in each group was not significantly different in the comparative
analysis (p=0.477).

Table 18 shows the results of the questionnaire.
Table 18 — Results of data processing from the General (Well-being)
Questionnaire/WHO (1999 version)

Indicator Group with PGC Group without PGC
Minimum score
30 32
Maximum score 88 92
Mean score, M+m 63,4+16 60,5+16,4

Me (Q1; Q3) 64 (52;76) 56 (51;80)
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4. Epworth Sleepiness Scale

According to the processed results, in the group of individuals with PGC 9
experienced mild daytime sleepiness, compared to individuals without cysts, of whom
there were only 2. None of the subjects were severely sleepiness (Table 19).

However, no significant difference in the degree of sleepiness between the two
groups was found in the comparative analysis (p=0.507).

Table 19 — Results of processing the Epworth Sleepiness Questionnaire

Indicator Group with Group without
PGC, people PGC, people
22 23
Normal, 0-10 points
9 4
Mild sleepiness, 11-14 points
. . 2 3
Moderate sleepiness, 15-17 points
Severe sleepiness, 17-24 points ) )
7(3,5;11) 6(3;9,5)

Me (Q1;Q3)

5. Hospital Anxiety and Depression Scale (HADS)
Table 20 shows the results of the questionnaire.

Table 20 — Results of data processing from the Anxiety and Depression

Questionnaire (HADS)

Indicator Group with PGC, Group without PGC,
people people
A D A D
30 28 28 27

Normal, 0-7 points

Subclinical anxiety/depression,

8-10 points
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Clinical anxiety/depression, >11

points

Me (Q1; Q3) 42,5:6) | 2(1:5) | 42:6) |3(1,75:4,25)

Note: A - anxiety, D - depression

According to the table, more individuals with subclinical anxiety and depression
were found in the PGC group compared to the control group. However, statistical data
processing showed no significant difference in anxiety and depression using the non-
parametric Mann-Whitney test (p=0.603, p=0.655, respectively).

6. The Big Five psychological personality questionnaire (emotions and feelings)
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m With PGC = Without PGC

Figure 39 — Processing results of the Big Five personality questionnaire (emotions
and feelings)

The results of the questionnaire were obtained as mean values for the parameters

in each group (Figure 39). During statistical processing of the data, a significant
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difference was obtained for the parameter "Worry" (p=0.019). For the other parameters,
no differences in the emotional sphere between the two groups of subjects were found.
3.2.3 Neuropsychological examination

A comparison of the groups on the parameter "level of non-verbal intelligence" and
"visual retention" revealed that, on passing the intelligence test and Benton's visual
retention test, the performance of the clinical group with PGC and the control group
without PGC didn’t differ significantly (p>0.05).

Analysing the results of the Addenbrooke's Cognitive Scale (ADS), using the non-
parametric Mann-Whitney test, the groups weren’t statistically significantly different for
the parameters "Cumulative score", "Attention", "Memory", "Verbal fluency",
"Language" and "Visual-spatial orientation" (p>0.05) (Table 21).

Table 21 — Results of the ADS methodology

Indicator Group with a PGC, Group without PGC,
M (Q1; Q3) M (Q1; Q3)
Total score 93 (90;97) 94 (91;97)
Attention 18 (17;18) 18 (17;18)
Memory 24,5 (23; 26) 25 (22;26)
Verbal fluency 13 (11;14) 13 (12;14)
Language 24 (23;25) 25 (24;26)
Visual-spatial orientation 16 (14;16) 16 (14;16)

By processing data of the Digital Proofreading Test, the groups were compared
statistically in terms of the number of errors in the upper right, lower right, upper left and

lower left margins (Top-R, Down-R, Top-L, Down-L), the time to complete separately
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the upper part (T1), lower part (T2), total time to complete the task (T), and the fatigue
rate (FR) and asymmetry rate (AR), calculated using special formulas. No statistically
significant differences were found between the groups. The results are presented in
Table 22.

Table 22 — Results of the Digital Proofreading Test

Indicator Group with a PGC, Group without PGC,
M (Q1; Q3) M (Q1; Q3)
Top-R 0 (0;1) 0(0;1)
Down-R 0 (0;1) 0 (0;2)
Top-L 0 (0;1) 0 (0;1)
Down-L 0,5 (0;1) 0(0;1)
T1 116,5 (92,25;131,25) 112 (98;37)
T2 116 (89,75;132,25) 114 (99;134)
T 233,5 (184,5;270) 225 (201;280)
FR 0,99 (0,9;1,1) 0,99(0,9;1,1)
AR 0 (-0,0125;0,125) 0 (-0,0125;0,125)

Note: Top-R - number of errors in the upper right field, Down-R - number of errors
in the lower right field, Top-L - number of errors in the upper left field, Down-L - number
of errors in the lower left field, T1 - time to complete of the upper part of the technique
in seconds, T2 - time to complete of the lower part of the technique in seconds, T - total

time to complete of the technique in seconds, FR - fatigue rate calculated as T1/T2, AR -
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asymmetry rate calculated as R-L/80, where R - number of errors in the right half, L -
number of errors in the left half.

The results of the Stroop test showed a significant difference between the groups
in the time to complete the first, second and third test, as well as in the flexibility/rigidity
of cognitive control (Table 23).

Individuals with PGC coped with the task faster, which could probably be related
to the statistically significant difference in the age of the subjects. Individuals with PGC
were younger, as their mean age was 31.5 years compared to 44 years by persons with
normal pineal gland structure.

No significant differences between the two groups (p>0.05) were found in the
analysis of the verbality index.

Table 23 — Results of the Stroop Test

Indicator Group with a PGC, Group without p-value
M (Q1; Q3) PGC,
M (Q1; Q3)
T1 47 (42,75;52,25) 49 (46;57) 0,025
T2 63 (57;72,5) 71 (64;79) 0,003
T3 105 (86,75; 126,25) 118 (102;141) 0,009
CIl 39,5 (28,75;53) 50 (40;63) 0,008
CvV 1,34 (1,2;1,56) 1,4 (1,2;1,6) >0,05

Note: T1 - time of the first sample in seconds, T2 - time of the second sample in
seconds, T3 - time of the third sample in seconds, CI - interference coefficient, CV -

verbality coefficient.
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3.2.4 Results of a saliva test for melatonin

The results of saliva EIA for melatonin showed mean values in the two groups,
which were as follows: in the group with large pineal gland cysts 13.45 = 13.73 pg/ml
(with the norm 10-58 pg/ml), with small cysts 12.57 £ 11.95 pg/ml and without cysts
14.36 + 13.07 pg/ml, which was within the norm, but shifted to its lower boundary. There
was no significant difference in mean values between the study groups in the analysis of
variance (F=0.136, p=0.873).

Thus, according to the results of the examination by a neurologist, all the examined
subjects were compensated for their vital functions and had no general cerebral or focal
neurological symptomatology.

According to the results of the extended questionnaire, in the form of self-report
questionnaires "Personality Questionnaire", "Spielberger  Questionnaire",
"General/Wellness Index", "Epworth Sleepiness Scale", "Hospital Anxiety and
Depression Scale" and "Big Five Psychological Personality Questionnaire", a statistically
significant difference (p=0.019) between the groups was obtained only on the parameter
"Worry" in the latter test, which confirms the data on the psychological features of
individuals with PGC cited in the literature (Carpenter J. S., 2017; Huang F., 2017).

When analyzing the results of the neuropsychological examination, no differences
were found between the groups in the tests of intellectual capacity, Benton's test, the
Digital Correction Test and the Addenbrooke's Cognitive Scale.

However, on the Stroop test, the group with PGC performed faster on the first,
second and third tests and also had a higher index of flexibility/rigidity of cognitive
control, which may be related to the younger mean age of the group (31.5 years) compared
to the control group (44 years).

The results of the biochemical saliva EIA analysis of the volunteers showed no

significant difference in mean values in the analysis of variance (F=0.136, p=0.873).
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CHAPTER 4. DISCUSSION OF RESULTS

The results of this dissertation not only do not contradict previously published
studies, but also add new data on MR semiotics of pineal gland structure as well as
psychological, neurological and morphofunctional features of individuals with PGC.

PGC is a fairly common incidental finding on brain MRI scans, present in 25-40%
of cases according to the literature, and up to 40% on pathological examination (Cauley
K.A., 2009). According to this work, out of 149 healthy volunteers who took part in the
study, 79 were found to have PGC, which is 53% of the total sample (Shilova A.V.,
Ananieva N.I., Lukina L.V., 2022, [143]). The slightly higher percentage indicates that
the study included 16 individuals with large cysts who had previously been described as
having cysts from a previous MRI study.

In addition, it is possible that the data presented in the literature (Semicheva T. V.,
2000; El Damaty A. et al., 2019; Gheban B. A. et al., 2021) do not account for all
described types of PGC, so the percentage of cysts detected in volunteers corresponds
more to the percentage of cystic changes detected on pathologic examination.

PGC 1s more frequently visualized in women than in men, which some authors
attribute to the presence of the menstrual cycle and hormonal changes during pregnancy,
which occurs around the age of 30 (Choy W., 2011; Gokce E., 2018; Han Q., 2018;
Storey M., 2020).

In our study, the gender distribution was also skewed towards females in all patient
groups with different pineal gland transformations. However, no statistically significant
effect of gender on cyst type was detected in the analysis of variance, i.e., both men and
women, according to our data, can have PGC, especially large (more than 10 mm), which
may probably be due to the characteristics of the sample.

The study found statistically significant differences between the age of individuals

with multicystic pineal gland enlargement and edge displacement and persons without
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PGC. This suggests that young patients aged 30 years or younger, regardless of gender,
may have a large PGC that can cause clinical symptomatology.

In Russia, statistics on cystic changes of the pineal gland have not been available
to date. There are only sporadic studies on this topic, which describe the presence of PGC
in only 5% in a group of more than 5000 subjects (Balyazina E. V., 2022). Our study
allowed us to investigate variants of the pineal gland structure in conditionally healthy
volunteers and to obtain the first statistical data using the classification proposed by Sirin
S., 2016.

This classification expanded our knowledge of the different morphotypes of cystic
transformation of the pineal gland. Thus, PGC was unicameral and single in 26
volunteers, in 53 there was a multicystic type of structure, of which in 18 volunteers the
cyst was multicameral. It is appropriate to note in the conclusion of the MR study.

The different types of cystic transformation of the pineal gland are probably related
to the possible variability in their origin. Some cysts may be congenital, e.g. due to
blockage of the melatonin-derived pathways located as small tubes in the pineal gland
structure, or due to a congenital defect in the formation of these pathways. A multicystic
pineal gland without enlargement and without edge displacement in 26 volunteers
presented as gland parenchyma with small, separately lying cystic inclusions visualised
in it, which according to some authors (Gokce E., 2018) can merge into one cyst. The
study of these types requires further research work.

Magnetic resonance imaging is the «gold» standard for imaging the pineal region.
On routine MRI, typical PGCs appear as round or ovoid masses with smooth edges and
well-defined contours, which are best seen in the sagittal plane.

The MR characteristics of a typical cyst are a wall thickness of less than 2 mm,
clear, even contours of the inner and outer walls, uniform signal enhancement from the
cyst wall by a contrast agent injecting, and no impact on the surrounding structures
(Lensing F. D., 2015).

A single unicameral cyst contains fluid, which in 90% of cases has an isointense
MR signal to the cerebrospinal fluid (Gaillard F., 2010; Jussila M. P., 2017; Gokce E.,
2018), in 10% of cases the signal 1so- or slightly hyperintense due to protein content. This
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type requires differential diagnosis with atypical cystic masses, germ cell tumours and
parenchymatous pineal tumours (Gheban B. A., 2019; Storey M., 2020).

In our study i1so- and hyperintense signal from the cyst contents was detected in 76
patients (96% of cases). In 3 patients with multicameral cysts was visualised a moderately
reduced signal from the contents of some chambers, indicating that further follow-up of
these patients 1s necessary to rule out a volumetric mass of the pineal gland.

The presence of internal septa as well as the presence of multiple small cysts in the
pineal gland structure is often difficult to assess with conventional MR sequences
(Lacroix-Boudhrioua V., 2011; Gokce E., 2018). Therefore, in the second stage of the
study, we used high-resolution thin-slice sequences such as three-dimensional (3D) fast
acquisition sequences - SSFP-PS, which allowed to clarify the pineal gland architectonics
and cyst structure variant — presence of multicystic transformation,
multicompartmentality, structure and number of septa in large cysts, cyst overlap with the
pineal gland margin, etc.

Thus, by using the SSFP-PS in 27 individuals was found to be a multichamber cyst,
in 8 of which the original interpretation of changes "single pineal gland cyst" was changed
to a multicystic change. In 18 volunteers, the anatomical edge of the gland was displaced
due to a large cyst in the structure that extends beyond the gland.

In addition, the SSFP sequence allowed to be looked the different variants of small
cystic transformation of the gland. The 26 volunteers had a multicystic type of pineal
gland structure without magnification and without edge displacement. According to the
literature (Tan D. X., 2016), electron microscopy may identify multiple perivascular
spaces in the pineal tissue structure. From our point of view, this type of structure with
visualization of multiple small separate cystic structures about 2-3 mm in diameter,
probably, should be interpreted as dilated perivascular spaces, which are involved in the
rapid distribution of melatonin in the cerebrospinal fluid (Tricoire H., 2002).

Cystic degeneration of the pineal gland is usually asymptomatic. However, cysts
that do not cause occlusive hydrocephalus may cause central venous hypertension, with
manifestations including frequent headaches, nausea, dizziness, increased anxiety and

sleep problems (Eide P. K., 2016; Milton C. K., 2020).
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For example, it has been theorised in the literature that non-occlusive cysts may
compress deep cerebral veins (internal cerebral vein, basal vein, large cerebral vein),
which may cause interstitial thalamic edema and consequent symptoms of central venous
hypertension (Eide P. K., 2016; Milton C. K., 2020). In addition, large pineal cysts
without evidence of occlusion show reduced cerebrospinal fluid flow through the cerebral
aqueduct (Bezuidenhout A. F., 2018). To clarify these changes, an attempt was made to
identify MR patterns of venous hypertension from DWI-PS data.

The SSFP-PS also allowed a detailed view and examination of the surrounding
structures of the pineal gland, as well as evidence of impact on the surrounding structures
in the presence of a large cyst. For example, in 1 volunteer with a large PGC (more than
10 mm), was detected the impact on the quadrigeminal plate in the form of flattening or
concavity of its upper contour.

In 8 individuals was detected aqueduct stenosis (width less than 1.5 mm in the
sagittal plane). However, no neurological symptoms were detected in these patients. It is
likely that these changes, which were visualised in the thin-section sequence, may have
clinical significance only in the presence of manifestations of central venous hypertension
in the patient.

In addition, the use of ADC coefficient calculations and the risk grade of venous
hypertension is an additional MR criterion in favour of the compressive effect of PGCs
on surrounding structures such as the aqueduct, quadrigeminal plate and thalamus, even
in the absence of occlusive hydrocephalus.

Thus, in the group with large PGCs more than 10mm, based on the calculated
coefficients and the grade, were identified 8 people with a high-risk grade for venous
hypertension (3 and 4), representing 50% of this group (Shilova A.V., Ananieva N.I.,
Lukina L.V., 2022, [162]). These findings were statistically significant compared with
the group of individuals with small cysts (less than 10 mm) and without PGC.
Interestingly, only in this group were patients with grade 4, compared with the group of
patients with cysts less than 10 mm and the group with no cysts.

It should be noted that in a number of cases, individuals without cysts or with small

cysts may show MR patterns of venous hypertension according to the DWI-PS, which
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may probably be due to anatomically lower distance ratio between the tectal plate —
splenium of the corpus callosum and the gland body, or for other reasons. These patients
also had no neurological symptoms.

Our findings concurred with the literature that the use of specific pulse sequence
allows a more targeted study of the morphotype of the pineal gland, as well as a more
detailed study of the structure of a large cyst and its impact on surrounding structures (EIl
Damaty A., 2019; Maruani A., 2019; Shilova A.V., Ananieva N.I., Lukina L.V., 2022,
[142]).

Some authors whrite that cysts less than 10 mm in both adults and children do not
require further follow-up in the absence of unusual radiological features or associated
clinical symptoms (Fakhran S., 2008). Other authors argue that if a PGC is detected, a
repeat examination should be ordered after 12 months to determine the course of the
process and differentiate the diagnosis with other masses (Storey M., 2020).

In our view, in the differential diagnosis of cystic masses, should also be considered
MR patterns of atypical cysts, well detectable by SSFP-PS and DWI sequencing.

An important criterion for differential diagnosis is also the measurement of the
distance between the splenium of the corpus callosum and the tectal plate. The size of this
distance of more than 10 mm is, in our opinion, indicative of a possible congenital cyst,
1.e., in these cases the cysts may represent an unexpanded diverticulum of the pineal body.

It is likely that in these individuals, during embryogenesis, the surrounding brain
matter seems to "adjust" to the size of the formed cyst. A narrower distance between the
splenium of the corpus callosum and the tectal plate (less than 10 mm) may suggest an
acquired pineal gland cyst.

When it is found that a patient has a multicameral mass or atypical MR features
such as reduced MR signal from the cyst contents on T2- and SSFP-PS, the presence of
nodular wall thickening and signs of impact on surrounding structures (Starke R. M.;
2017), MR imaging should be recommended to assess cyst size dynamics and changes in
cyst characteristics.

There is no 100% clear way to differentiate atypical pineal gland cysts from

tumours arising in this area (Al-Holou W. N, 2010; Favero G., 2021). MRI follow-up
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should be performed under the supervision of the attending physician, taking into account
complaints and possible clinical manifestations. In addition, a follow-up MRI
examination should be supplemented by the using of a contrast agent.

MR-voxel-based morphometry, being a widely used method for processing
neuroimaging studies (Trufanov, G. E., 2013; Nemoto K., 2017; Makarov L. M.,
Pozdnyakov A. V., 2021), was used in our study to study the morphological features of
the brain substance structure in individuals with PGC. No data were found in the literature
on previous similar studies.

The MR-VBM data showed that subjects with PGC have areas of increased cortical
thickness in the parietal lobes of both hemispheres, each located in the central portions of
the postcentral gyrus on the left and the superior parietal gyrus on the right. It is likely
that these changes are more indicative of variability in the normal structure of brain matter
in different individuals.

However, the formation of these gyrus structures occurs at approximately the same
gestational age (Trofimova T.N., 2018), which may be due to the effects of hormones,
including melatonin. To further assess the significance of these changes, it is planned to
increase the sample of individuals with different types of cystic transformation of the
pineal gland and conduct an intergroup analysis in five rather than two groups.

Resting state functional MRI has been widely used to assess changes in the
connectivity of selected brain regions in various neurological and psychiatric diseases
(Kurtulus Dereli A., 2018; Milton C. K., 2020; Tanaka T., 2021), as well as brain injuries
(Koziarski A., 2019) and in preoperative mapping (Majovsky M., 2018; Milton C. K.,
2020). It has not previously been used for comparative analysis of connectivity in
individuals with different variants of pineal gland structure according to literature.

In our study, after processing fMRIrs data in individuals with PGC, significant
differences were revealed in the form of decreased connectivity in the functioning of 6
resting work networks, such as Default Mode (passive mode network), SensoriMotor
(sensorimotor network), Salience (significance detection network), DorsalAttention
(dorsal attention network), FrontoParietal (part of executive control network) and

Language (language network).
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Functional connectivity analysis (ROI-to-ROI) maps of connectivity in subjects
with PGC showed an increase in the number of negative functional connections located
between the frontal and parietal lobes of both hemispheres. These data demonstrate the
presence of functional connectivity between the left and right hemispheres,
predominantly between the frontal and parietal lobes, in individuals with PGC.

The frontal lobes are located anterior to the central sulcus and provide functions
such as personal motivation, planning and goal execution, and goal-directed behaviour.
Several functionally relevant compartments are present in the frontal lobes, such as the
primary motor cortex, which is responsible for movements of all body parts located on
the opposite side, the medial frontal cortex, which is responsible for motivation, the
orbital frontal cortex, which regulates social behaviour, and the dorsolateral frontal
cortex, which has a function called working memory. Active research the anatomy of
functional connectivity using fMRI and connectomics of frontal lobe using diffusion-
tensor imaging is still ongoing (Catani M., 2019).

The parietal lobes, which have undergone the most significant changes compared
to other human lobes during cognitive evolution (Bruner E., 2023), also perform many
different meaningful functions, for which different cortical areas are responsible.

The primary somatosensory cortex integrates somatosensory information and is
involved in the processes of recognizing and retrieving information about the shape, mass
and texture of objects. The posterior lateral parts of parietal lobes are responsible for the
formation of visual-spatial relationships. The angular gyrus is responsible for counting,
writing and distinguishing right from left side.

However, it is known that not one particular cortical area is responsible for each
brain function, but a whole pool of neurons, which can be located in different sections
forming a neuronal network (Herbet G., 2020). Reduced connectivity between the frontal
and parietal lobes cannot be interpreted as pathology, as only conditionally healthy
volunteers were included in our sample.

However, these data confirm the presence of some features in brain functioning in
individuals with PGC, which extends our knowladge about normality and its variability.

In the future, we plan to expand the sample of individuals with PGC and conduct a study
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dividing the volunteers into more groups based on the morphological structure of the
gland.

According to the experimental psychological testing data, a significant difference
between the groups was obtained only on the parameter "Worry" in the Big Five
personality questionnaire, which speaks in favour of the propensity of these individuals
to be preoccupied with worries, thoughts about something, and to express anxiety, worry,
which confirms the theory about personality traits of individuals with PGC put forward
at the beginning of the study.The number of people with subclinical anxiety and
depression was higher in the PGC group, but there was no statistically significant
difference between the groups on these parameters.

During the neuropsychological examination, no statistically significant differences
(p>0.05) were found between the groups in the Addenbrooke's Cognitive Scale, Digital
Correctional Test, Intellectual Potential Test and Benton Visual Retention Test. Only the
Stroop test showed significantly faster performance of all three parts of the technique and
a higher level of flexibility of cognitive control, which may be associated with a younger
average age in this group (30.5 years) compared to the control group (44 years). No
significant differences between the two groups were found in the analysis of the
psychological verbality index. This means that, based on the results of the conducted
techniques, it is not possible to classify the results of the subjects as clinically significant,
1.e. their indicators correspond to the group of conditionally healthy subjects.

The mean salivary melatonin levels were also not significantly different between
persons with and without cysts. Although it should be noted that, according to the
Epworth Sleepiness Scale, 9 individuals with a large PGC complained of mild daytime
sleepiness.

Thus, our study described the MR semiotics of pineal gland variants and revealed
cerebral changes (patterns of venous hypertension, constriction of the aqueduct) in
different types of cystic changes of the pineal gland. Functional changes were also found
on fMRIrs in patients with cysts, indicating the presence of connectopathy with decreased
connectivity in various resting state networks, which can clinically manifest as emotional

disturbances.
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GENERAL CONCLUSION

The pineal gland is one of the most understudied organs in the structure of the brain.
Despite the centuries-long history of study of the pineal gland, its functions remain
unresolved, the pathogenesis of pineal gland cysts is not fully understood and the different
types of its structure are not fully understood.

By now, the melatonin produced by the pineal gland can be regarded as a unique
bioregulator, adaptogen and stabiliser of the whole body and, in particular, of the CNS
functions. It plays an important physiological and pharmacological role in neuronal
plasticity and neuroprotection. Production of this hormone reaches its maximum during
brain development (childhood and adolescence), while it significantly decreases during
aging, a condition associated with changes in sleep patterns and decreased neuronal
plasticity. According to CT and MRI data, the pineal gland undergoes degenerative
changes with age, and a possible related decrease in melatonin production with the
development of desynchronosis in the elderly (Ananieva N.I., Lukina L.V., Andreev E.V .,
2021, [6]; Ananieva N.I., Lukina L.V., Shilova A.V., 2022, [50]). Some exogenous
factors have been discovered that influence the acceleration of degenerative changes of
the pineal gland, such as excessive consumption of coffee and dietary fluoride. However,
the effect of pineal gland structure on melatonin production has not been studied to date.

The evaluation of the pineal gland still raises many questions, and the exact causes
of calcification and cystic transformation are unknown. It is known that cystic
transformation is quite common. The prevalence of asymptomatic cysts in adults is about
23%, and their development, according to the literature, is mostly benign. However, there
1s no consensus in the literature on the management of patients with different types of
cysts, either in the event of an incidental MR finding or when the patient presents with
characteristic complaints. It is not entirely clear what the patients' complaints may be
related to. In our opinion, and this is supported by some studies, even cysts less than 10

mm may in some cases be a possible cause of venous hypertension, which could probably
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be due to compression of nearby veins. The role of non-occlusive pineal gland cysts has
not yet been established in the development of headaches and affective disorders, but a
correlation of pineal gland volume and cyst presence with the development of many
neurological and psychiatric disorders has been found. Some studies have performed PGC
extraction in symptomatic patients and found an improvement in their quality of life in
the postoperative period, which argues in favour of a possible management tactic for these
patients.

Based on our study, we show that the presence of pineal gland cysts is a frequent
finding on MRI, which agrees with the literature. Various types of cystic transformation
are encountered, both small cystic cysts and single unicompartmental and
multicompartmental cysts, which are likely to have different origins. Statistical
processing of the obtained material showed that large PGC occurs in younger patients and
1s independent of gender. The presence of constriction of the aqueduct and increased risk
of central venous hypertension in these patients may be responsible for the clinical
manifestations of headaches, dizziness and sleep disturbances.

When patients present with complaints suggestive of central venous hypertension,
grade based on DWI and SSFP is an additional MR criterion that indirectly reflects the
degree of impact of the pineal gland cyst on adjacent structures to the pineal region. The
use of an extended protocol with the inclusion of three-dimensional SSFP pulse sequence
in the presence of a large PGC allows to optimize the diagnosis of the morphological type
of the cyst: to assess its structure in more detail, to make more accurate measurements of
the cyst size, to consider features of its wall, cyst contents, cyst exit to the pineal gland
margin, impact on the tectal plate, to identify indications for using of contrast agent. The
obtained data will allow the clinicians to provide an individual approach to the follow-up
protocol of such patients. In our opinion, patients with multicystic pineal gland with edge
displacement should be referred for consultation to a neurologist and neurosurgeon to
exclude clinically significant signs of venous outflow and possible impact on the tectal
plate in the form of Parineau syndrome.

Only conditionally healthy volunteers were included in our study, who strictly met

the defined criteria, had no clinical symptoms and no complaints, and were divided into



242

2 groups based on the morphological structure of the pineal gland based on MRI data:
without cystic transformation of the pineal gland and with the presence of a cyst. For the
first time, both groups underwent a group analysis to compare the morphological and
functional features of the brain to MR voxel-based morphometry and resting state
functional MRI.

According to the literature, MR morphometry has previously been used to study
the volume of the pineal gland and its relationship to other parts of the brain. Based on
morphometric data, conclusions have been drawn about a linear decrease in the volume
of the pineal gland with age, which showed similarities with the aging profile of most
other brain structures. On the basis of our data, in the structure of the parietal lobes of
individuals with PGC was shown the presence of areas of cortical thickening in the
postcentral and superior parietal gyrus, suggesting variability in the norm.

The fMRIrs findings indicate the presence of functional connectopathy in persons
with PGC, as reflected in features of brain functioning confirmed by questionnaires and
neuropsychological testing. However, given the sample size, these changes may also be
interpreted as normal variability. Further investigation of the role and influence of the
morphological structure of the pineal gland on the connectivity of individual brain areas
within the various resting state networks, taking into account the 'genetic' theory of pineal
gland cysts, 1s promising to clarify the clinical significance.

According to the results of an extended questionnaire, in the form of the Self-
Reported Personality Questionnaire, the Spielberger Questionnaire, the General/Wellness
Index, the Epworth Sleepiness Scale, the Hospital Anxiety and Depression Scale and the
Big Five Psychological Personality Questionnaire, a statistically significant difference
between groups was obtained only on the parameter "Worry" in the latter test, which
confirms the data on the psychological characteristics of persons with PGC given in the
literature. In an analysis of the results of the neuropsychological examination between the
groups, the individuals with PGC performed faster on the Stroop test than on the first,
second and third tests, and also had a higher index of flexibility/rigidity of cognitive
control, which may be related to the younger average age of the individuals with PGC

(31.5 years) compared to the control (44 years). There were no significant differences
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between the groups in the tests of intellectual capacity, Benton's test, the Digital
Correction Test and the Addenbrooke's Cognitive Scale. The results of biochemical
testing showed no association between the presence of the cyst and salivary melatonin
levels, suggesting that an EIA for melatonin should not be included in the examination
protocol.

Patients with a large pineal gland cyst that does not cause occlusive hydrocephalus
come not only to our medical institution with complaints of headache, increased daytime
sleepiness, and dizziness, but also throughout the country, which necessitates the creation
of a data bank of such patients. The creation of such a database will make it possible to
develop a standard of examination, tactics for the management of such patients, as well
as the interaction of specialists in different regions of the country.

Due to the small sample size and the large number of different morphotypes of the
pineal gland structure, many questions remain unexplored. Future work on this topic
should be extended to patients with a large pineal gland over 10 mm in diameter, with
characteristic complaints and no signs of occlusive hydrocephalus. Such patients should
undergo a comprehensive examination in the form of neurological examination,
experimental-psychological, neuropsychological examination, MR examination
according to an extended protocol, a targeted assessment of the pineal gland cyst
structure, impact on the surrounding structures, assessment of MR signs of venous
hypertension and development of further tactics for monitoring such patients, the
frequency of MR examinations.

Expanding the sample will allow the features of the pineal gland structure and
variants of cystic transformation in congenital and acquired changes to be highlighted in
more detail. It is important to include a group of children in a further study to investigate
the features of the pineal gland and its cystic transformation in childhood.

Given the involvement of melatonin in serotonin metabolism, it seems important
to examine more closely the relationship of different phenotypes of pineal gland cysts
with other biochemical indicators, the neuropsychological characteristics of individuals
and the morphofunctional features of the human brain structure (Shilova A.V., Ananieva

N.I, Lukina L.V., 2022, [121]).
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CONCLUSIONS

1. Developed MR protocol with inclusion of three-dimensional SSFP pulse
sequence in the presence of a large pineal gland cyst allows a more detailed assessment
of the pineal gland structure, making more accurate measurements of the cyst size, clarify
the features of its wall, cyst contents, cyst exit to the edge, impact on the tectal plate.

2. Cystic transformation of the pineal gland was detected in healthy volunteers by
MRI in 53% of cases.

3. MR patterns of pineal gland structure in healthy volunteers include the
following: absence of cysts — 70 (47%), single cyst — 26 (17.5%), multicystic pineal
gland (no enlargement) — 26 (17.5%), multicystic pineal gland (enlargement without
edge displacement) — 9 (6%), multicystic pineal gland (enlargement and edge
displacement) — 18 (12%)).

4. The MR assessment of central venous cysts based on the Talamic ADC Ratio
and the tectum-splenium-cyst ratio is an additional MR criterion that indirectly reflects
the degree of impact of the pineal gland cyst on the structures adjacent to the pineal
region.

5. Areas of increased cortical thickness in both parietal lobes are detected in
persons with pineal gland cysts, as measured by MR voxel-based morphometry, which
rather indicates variability in the normal structure of the brain substance in different
individuals and is not clinically significant.

6. Patients with pineal gland cysts compared to the control group differ in the
presence of functional connectopathy according to fMRIrs data, which was reflected in
the features of brain functioning, confirmed on the basis of questionnaire results and

neuropsychological testing.
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PRACTICAL GUIDANCE

1. If a pineal gland cyst is detected, a three-dimensional SSFP pulse sequence
should be included in the examination protocol.

2. The presence of an atypical pineal gland cyst or its large size (more than 10 mm)
requires dynamic monitoring

3. When MR patterns of central venous hypertension are present in patients with
pineal gland cysts, dynamic follow-up and mandatory examination by a neurosurgeon
and neurologist is required for latent signs of venous outflow disturbance and possible
impact on the tectal plate.

4. Individuals with pineal gland cysts have a number of psychological features, so
an experimental psychological examination should be part of their protocol.

5. When cystic transformation of the pineal gland is detected, investigation of

salivary melatonin levels is not advisable.
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LIST OF SYMBOLS

PGC — pineal gland cyst

MRI — magnetic resonance imaging

CT — computed tomography

WHO — World Health Organization

Rs-fMRI — functional magnetic resonance imaging of resting state

MR-VBM — MR-voxel-based morphometry

ACS — Addenbrooke's Cognitive Scale

EIA — immunofluorescence assay

CNS — central nervous system

TR — repetition time

TE — echo time

FoV — field of view

Sg — sagittal plane

Ax — axial plane

FLAIR — fluid attenuated inversion recovery — long inversion time sequence

HEMO - T2*-weighted gradient echo sequence

DWI — diffusion weighted images

ADC — apparent diffusion coefficient — diffusion restriction coefficient

T1-MPRAGE - Magnetisation Prepared - Rapid Gradient Echo - 3D pulse
sequence with inversion pre-magnetisation

SSFP — steady-state free precession - high-resolution pulse sequence, by means of
a strong T2-weighted 3D gradient echo

BOLD — blood oxygenation level dependent imaging

Flip — angle of rotation of the hydrogen proton axis during the radio frequency
pulse

ROI — Round of interest

OC — outpatient car
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APPENDIX
PATIENT LIST
Pati | NAME No. Gend | Age Patie | NAME No. Gend | Age
ent ocC er nt Ne ocC er
Ne
1 Akh-va amb | f 26 36 M-li SM. | amb f 67
L.R.
2 Al-vaE.A. |amb |f 52 37 M-liT.A. | amb f 44
3 An-vaN.I. |amb |f 62 38 M-ich amb m 49
G.N.
4 An-vaK.N. |amb |f 26 39 M-ov V.A. | amb m 69
5 Ar-ch VM. |amb |f 56 40 M-vaN.F. | amb f 60
6 Ba-k N.B. |amb |f 23 41 N-va S.E. | amb f 29
7 B-va T.D. amb |f 69 42 N-naLE. |amb f 59
8 B-vaG.O. |amb |f 29 43 O-vaO.N. | amb f 60
9 Ch-vaAS. |amb |f 23 44 P-ovG.S. | amb m 52
10 | Ch-aya amb | f 28 45 P-ovA.A. | amb m 38
Y.S.
11 Ye-ov V.A. [amb | m 31 46 P-ev K.G. | amb m 33
12 | G-ukPY. |amb |m 28 47 P-ak S.V. | amb m 59
13 | G-ovSY. |amb |m 37 48 P-ov ANN. | amb m 58
14 G-ik K.A. |amb |f 36 49 P-vaT.E. |amb f 61
15 G-naM.A. |amb |f 36 50 R-d V.P. amb m 51
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16 I-ko G.E. amb 60 51 R-va G.N. | amb 69
17 K-in AY. amb 56 52 S-va M. amb 30
18 Kh-ov D.A. | amb 39 53 S-ov A.A. | amb 42
19 K-in M.V. |amb 61 54 S-ov N.V. | amb 65
20 K-vaO.G. |amb 54 55 Sh-ak amb 36
V.V.
21 K-rge E.S. | amb 26 56 Sh-in F.M. | amb 32
22 | K-aya amb 69 57 S-vaN.A. | amb 34
M.M.
23 | K-ovE.A. |amb 25 58 S-va.Z.1. amb 69
24 | K-inD.S. amb 27 59 S-ko A.V. | amb 67
25 | K-iAY. amb 67 60 T-ov S.N. | amb 57
26 | K-ovN.A. |amb 36 61 T-val.A. | amb 26
27 |K-vaV.A. |amb 55 62 T-vaN.V. | amb 47
28 L-ko E.P. amb 31 63 T-va A M. | amb 28
29 |L-ovT.O. |amb 30 64 V-vaA.V. | amb 49
30 |L-evN.B. |amb 27 65 V-er A.V. | amb 34
31 L-vaLM. |amb 37 66 V-ko D.A. | amb 43
32 | L-in A.V. amb 55 67 Z-ovD.V. | amb 44
33 M-ov S.N. | amb 44 68 Z-ovK.V. | amb 47
34 | M-iyS.Y. |amb 48 69 Z-vaEM. | amb 23
35 M-ev AY. |amb 58 70 Z-vaO.A. | amb 45
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71 F-wa M.V. | amb 30 111 |L-naA.S. |amb 23
72 G-vaM.M. | amb 34 112 | O-ovILA. |amb 52
73 I-vaN.V. amb 69 113 | P-naT.A. | amb 49
74 K-aya T.V. | amb 58 114 | P-va.D.V. | amb 38
75 K-va A.S. amb 26 115 | Sh-daS.I. | amb 44
76 K-na R.S amb 20 116 | S-yaO. amb 40
Yu.
77 L-aia A.S. | amb 27 117 | S-ovILK. |amb 35
78 L-yi Yu.A |amb 30 118 | U-naN.N. | amb 65
79 L-nal Yu. |amb 28 119 | V-koS.Y. | amb 28
80 M-va O.T. |amb 34 120 | U-ig N.L. amb 69
81 M-in N.S. amb 27 121 | F-naM.A. | amb 52
82 M-ich V.M. | amb 45 122 | S-ov Yu. amb 68
83 N-va A.P. amb 30 123 | G-vaM.V. | amb 42
84 P-ko A.A. | amb 28 124 | K-ov S.N. | amb 68
85 P-na N.F. amb 24 125 | R-vaA.P. | amb 24
86 R-va ANN. |amb 30 126 | Sh-dal.l. | amb 44
87 | Sh-ov D.A. | amb 27 127 | G-yiD.V. | amb 18
88 Sh-va E.V. | amb 54 128 | N-ov M.R. | amb 25
89 | S-etzE.L amb 59 129 | O-vaA.O. | amb 20
90 S-yuk amb 31 130 | Ch-na amb 27
M.M. A.G.
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91 S-na A.R. amb 32 131 | S-vaM.D. | amb 23
92 T-va O.B. amb 36 132 | A-ovA.L. | amb 55
93 F-vaL.M. |amb 66 133 | B-anS.E. | amb 30
94 | Z-evZ.A. amb 35 134 | B-in N.G. | amb 42
95 D-vaM.A. | amb 30 135 | K-evS.A. | amb 36
96 S-ovR.V. | amb 26 136 | T-ov M.S. | amb 24
97 | A-evAN. |amb 45 137 | Z-vaM.S. | amb 27
98 B-in LN. amb 56 138 | A-evE.V. | amb 27
99 B-in N.S. amb 28 139 | B-ik G.A. | amb 23
100 | B-vaE.A. amb 64 140 | B-vaS.L amb 36
101 | B-unT.M. |amb 24 141 | G-vaR.V. | amb 36
102 | Ge-vaE.E. | amb 22 142 | M-koT.I. | amb 50
103 | I-ov A.B. amb 28 143 | P-vaA.V. |amb 27
104 | K-unN.G. | amb 25 144 | Sh-ets amb 27
V.S.

105 | K-is D. amb 40 145 | S-ik M.L. amb 42
106 | K-is L.V. amb 37 146 | T-vaO.A. | amb 23
107 | Kh-yi A.S. | amb 28 147 | V-vaV.V. | amb 50
108 | L-vaE.V. amb 50 148 | V-inZ.G. | amb 18
109 | L-ovM.V. | amb 37 149 | S-vaE.A. | amb 39
110 | L-ovA.A. | amb 39




