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AHHOTaNMA

TuxoBbIe pacCTpOUCTBa, B TOM yncie cuaapoM K e s Typerra, mpeacTaBisioT co00i MaTONOTHIO TICH-
XOHEBPOJIIOTHIECKOTO Pa3BUTHS M PACIPOCTPAHEHBI B IETCKOH momynsauu. KITMHndecKkre mposBIeHNs ITHX pac-
CTPOMCTB BapbUPYIOTCS B 3aBHCHMOCTH OT WHIWBUIYalbHBIX OCOOEHHOCTEH, BO3pacTa, Mojia M HAINIHS WIH
OTCYTCTBHS COMYyTCTBYIOIIMX 3a0oneBannil. [1aTou3noI0rust 3THX paccTpoiicTB BKIIOYaeT KOMOMHAINIO TeHE-
THUYECKHX, SKOIOTHIECKHUX, TICHXOJIOTNIeCKIX, IMMYHOJIOTUUECKHUX U Helipoonogornueckux Gpakropos. C ToUKn
3perust GyHAaMeHTanpHON Helfpoduznonoruu cuaapom Xums ae i TypeTTa cBA3BIBAIOT ¢ HEHPOXUMUYIECKUM
IucOanaHcoM MOHOAMHUHOB M CTPYKTYPHO-(DYHKIIMOHATBHBIMH M3MEHEHHAMH, 3aTParuBalOIIMU HEHPOHHBIE
ceTn, oOecneunBalomue ABUTaTeNIbHbIE aKThI: Oa3anbHbIe TAHITINY, TalaMyc U mosicHas kopa. CymiecTByromme
HCCIEN0BaHNs IEMOHCTPHPYIOT BOBJICUEHHE TOPa3a0 OONBINEro KoIMdecTBa 00JacTel MO3ra, TakMX Kak Tpe-
(poHTaNmbHAS KOPAa U MOPKEUOK. B IaHHON cTaThe MpeACTaBIeHbI MOCIEAHUE NCCIEN0BAHMS, OMHCHIBAIOIINE
HelpoaHaTOMHUYecKHe 0COOEHHOCTH y MAIeHTOB ¢ cuHapoMoM JKums e st Typerra. BeisiBnena cBa3b KInHH-
YeCKUX MPOSIBICHUI 3a001eBaHUs ¢ MOP(HOMETPUUECKIMH XapaKTepUCTUKaMH 0a3adbHBIX TaHIIIHEB, TalaMyca,
MO3XKeuKa, TTOACHOH M3BUINHBI U MPe(POHTATBHON KOPHI MAIMEHTOB ¢ cHHApoMoM JKuis ae s Typerra.

KuroueBsie cioBa: cunapom JKus ne g TypeTra, HelipoaHaTOMus, THKH, Oa3aIbHbIC TAaHIIMHA, MOHOAMH-
HBI, TpeQpOHTANIEHAS KOpa.
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Abstract

Tic disorders, in particular Tourette syndrome, are a neurodevelopmental disorder common in the pediatric
population. The clinical manifestations of these disorders vary greatly depending on individual characteristics,
age, gender, and the presence or absence of comorbidities. The pathophysiology of these disorders is believed
to involve a combination of genetic, environmental, psychological, immunological, and neurobiological factors.
From a fundamental neurophysiological perspective, Tourette syndrome is associated with a neurochemical
imbalance of monoamines and structural and functional changes affecting, in particular, neural networks involved
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in the processing and coordination of movements: the basal ganglia, thalamus, motor cortex, and cingulate cortex.
To date, studies have demonstrated the involvement of many more brain areas, such as the prefrontal cortex
and cerebellum. This article presents the latest research on neuroanatomical features in patients with Tourette
syndrome and healthy individuals. During the analysis of the literature, a connection was found between the
clinical manifestations of the disease and the morphometric characteristics of the basal ganglia, thalamus,
cerebellum, cingulate gyrus and prefrontal cortex of patients.
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Brenenne

Cunnpom XKuns ne ns Typerra (CT) npencrasiser coboii camylo TsDKeIylo (OpMy THKO3HBIX
TUIICPKUHE30B U XapaKTepHU3yeTcsl HATMYMEM MHOKECTBEHHBIX JIBUTATEIbHBIX THKOB, TAKKE OHOTO
WJIN HECKOJIBKUX THKOB BOKAJIBHOTO Xapakrepa. B ocHoBe 3a00s1eBaHMs JIe)KaT THKO3HbIE THIIEPKUHE-
3Bl — OBICTPBIE HACHIBCTBEHHBIC, CTEPEOTUIIHBIEC JBIKEHUS, KOTOPbIE HAIOMHUHAIOT IPOU3BOJIBHBIC
W 3aTparuBaloT MBIIIIBI JIMIA, Tela U KOHEYHOCTEH, IPH ITOM MEHSIOTCS TI0 BBIPQKEHHOCTH B Te-
YEeHHUE JIHS, TPOBOLUPYIOTCS BOJTHEHHEM, YMCTBCHHON M (DPM3MUYECKON HArpy3KOW M MCUE3aroT BO CHE
[1]. epBoie kmuaMueckue mposiiaeHust CT MosABIsIOTCS B IETCKOM Bo3pacte — B cpeaHeM ¢ 4 1o 7
net [3]. Juarnoctuueckue kpurepuu CT, cormacao MKB-10 (F.95.2), mpencraBieHbl CIeAyOIIHMA
cumntoMamu [2]: 1) MHOXKECTBO JBUTATEIBHBIX U OWH WJIK 00JIee TOJI0COBBIX THKOB, XOTS HE BCETa
OJTHOBPEMEHHO; 2) THKH BO3HHKAIOT MHOTO pa3 B T€YEHHE JHsI, OOBIYHO MPHCTYNO0O0PA3HO, PAKTH-
YECKH €KETHEBHO WIIH € TIEPEPBIBAMH, B TEUEHHE To/1a 1 Ooree; 3) KOIMYEeCTBO, 4aCTOTa, CII0KHOCTB,
BBIPOKCHHOCTh W JIOKAIM3AIMsl THKOB MEHSIOTCSI; 4) TUK HE CBS3aH C TAKUMH 3a00JICBaHUSIMHU, KaK
6osie3Hb [ eHTHHI TOHA, BUPYCHBIN SHIE()aTnT, THTOKCUKALUK WITH JIEKAPCTBO-UH/yIMPOBAHHbIC JIBU-
rarejabHble PACCTPONCTBA.

THKO3HBIC THUIIEPKHHE3BI OCTAIOTCSI OTHOM M3 CaMbIX aKTyaJbHBIX MPOOJEeM HEBPOJIOTHH U IICH-
xuarpud. B nerckoit momymsun, o ganasM B. Kadesjo u C. Gillberg (2000), pacmpocTpaHeHHOCTD
TukoB Bapeupyert oT 0,5 % 10 1,1 % [4]. CornacHo snuaeMuoiorudeckomy uccnenoranuio 2018 rona
cpermu eTei B Bo3pacte ot 6 1o 16 jer B Kurae pacrnpocTpaHeHHOCTh THKO3HOTO PAacCTPOMCTBA CO-
crasmia 2,5 % [5]. Pacnpoctpanennocts CT y nmereit B bpasunuu cocrasmsier 0,43 %, nocturas
Makcumyma B 1 % k 9-metaemy Bospacty [6]. N. Khalifa u A. von Knorring (2007) [7] BerstBium CT
y 0,6 % HIKOIBHUKOB, YTO 00YCIABINBAECT COLMAIBHBIC U NICUXOJIOINYECKNE TPOOIEMbl HHTErPAuu
JIeTE-IIKOJIbHUKOB C THKO3HBIMH THUIIEPKHHE3aMH B 00111e00pa30BaTeIbHBIN MTPOLECC U MPOIYKTHB-
HOE B3aMMOZEHCTBHE MAIMEHTOB C HOPMOTHITHYHBIMY A€ThMHU. Y HaceJeHust B3pocioro Bo3pacta CT
BcTpedaercs B 5-10 pas pexe, ueM y feTeid, o pa3HeIM olieHKaMm, oT 50 10 659 ciyuaes Ha 1 000 000
B3pocioro Hacenenus [6]. Pesynsrarst M. Bloch u coasr. (2006) ykaspiBatot, uto 25 % THKOB, KOT/ia-
TO CyILIECTBOBABIIUX Y JACTEH, COXpaHseTcs: y B3pocion nomymsiiuu [6]. Takum 0O6pa3om, UMEHHO B
JIETCKOM BO3pacTe HaOIomaeTcsi MakCUMajbHas oOpamaeMocTs K BpayaMm OonbHbIX THKamu u CT,
U COOTBETCTBEHHO /ISl TAKMX IAIIEHTOB HEOOXOAMMBI MHIANBUAYAIbHBIE TTOIXO/BI K THArHOCTHKE,
peaduIMTay, MEIMKaMEHTO3HOM U MOBEACHYECKOI TeparuH.

Jlist Bepudukanmn npaBriIbHOTO Auarto3a CT BaKHO TOMHHUTB, 9TO CUMIITOMBI MOTYT OBITh BBI-
3BaHbl, HaIpUMeEp, yNOTPeOIeHNEeM HAPKOTHKOB WM HEBPOJIOTMYECKUMHU 3a00JE€BaHUSMH, TaKUMHU
KaK MHOKJIOHYC, Xopes [ eHTHHITOHa, CHHIPOM OECITOKOWHBIX HOT, WJIM HEHPONCHXOIOTHYECKUMHU
paccTpolCTBaMM, TAKUMH KaK CHHAPOM Je(HUIUTa BHUMAHUS M TUIEPAKTUBHOCTH U OOCECCHBHO-
KOMITYJIbCUBHOE paccTpoiicTBo. HeoOXonmmMo oleHMBaTh HAJIMYUE WM OTCYTCTBHE OIPEJEIICHHBIX
cumntoMoB xapakTepHbIX st CT [10]: 1) CrocoOHOCTE ManuenTa mpou3BOIBHO OCYIIECTBISTE TOP-
MO3SIIMN KOHTPOJIb HaJl MPOsIBIICHHEM THKa. 2) Hanuuue «1peBeCTHUKOBBIX UMITYJIbCOBY», TO €CTh
HECTPYKTYPHUPOBAHHBIX OILIYIIECHUH, BOCHPUSATHN WIN ICUXWYECKUX MEPEKNBaHNH, BO3HUKAIOIINX
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B pe3yJIbTaTe yCWICHHsI BHYTPEHHETO HaPSDKEHHUS!, KOTOPOE MPEANIECTBYET U HAXOAUT MOCIEAYIoIee
oOJieryeHne B BBIPRKCHNH THKA. 3) VI3MEHYNBOCTB, KOTIa THKH MOTYT Pas3jIMuaThCsl MO MPOIOIDKHU-
TEJILHOCTH, YacTOTE, MHTEHCUBHOCTU U MECTY JIBUIaTelIbHOTO MJIM BOKAJIBHOTO aKTa, YTO YETKO OT-
JIMYAET UX OT YHCTO HEBPOJIOTHUECKUX CTEPEOTHUINH, HAOIIONaeMbIX, HalpuMep, npu O6one3nn [lap-
KHHCOHA HJTH XOpee.

Tamogusuonoeus: cunopoma Typemma. 3HauntenbHyto poss B natorenese CT oTBoxsT Hapyie-
HUIO 0OMeHa nodaMuHa, IMEHHO M30BITOYHOMY BEIOPOCY B CHHAIICaX ITOJIOCATOTO Tella, YTO IPH-
BOIUT K HEHpOMEIMATOPHOMY auCOalaHCy B HCHPOHHOW CETH HEOKOPTEKC — CTPHATYM — TallaMycC
— HeokopTekc. ['eHernueckue uccienoBanus acconuayu CT ¢ MyTanusMu reHoB 10(paMUHOBBIX pe-
uentopoB DRD2 (dopamine receptor D2) u DRD4 (dopamine receptor D4) moka3sanu HEOJHO3HAUHBIC
pesynsrarel. Tak, Yanjie Qi u coast. (2017) odnapyxumm y 674 6onpabIXx CT nonoXuTesbHbIE CBA3N
¢ MyTanusAMHu reHoB. B apyrux nccrenoBanmax y 343 6ompHBIX CT KOppemsamus MyTaui godamu-
HOBBIX PEIENTOPOB He ObLIa MOATBEPIKACHA. DTH JaHHBIE 00BSICHSIIOT AUCAP(EKTHBHOCTD (hapMaKo-
tepanmu Heliponentukamu y 40-60 % 6onbabIX CT, BeposiTHO, IPH MyTauusaxX reHoB 10(haMHHOBBIX
PeLenTopoB HEWPOJIENITUKH HE OKA3bIBAIOT JOJDKHOTO OJIOKHPYIOILETo ASHCTBUS HAa M30BITOUHYIO J10-
(haMUHOBYIO aKTHBHOCTH. Takke M3ydannd MyTaluH B I'eHE, KOAWPYIOMIEM TPaHCHIOPTEP AopaMuHa
DAT1 (dopamine transporter 1). [To 3aBepmennu nccnenoBanns y 574 maunentoB ¢ CT Obia BRISBIC-
Ha cBsi3b ¢ MyTanueit DAT1, a'y 266 60nbHBIX JaHHAs CBsI3b He mpociexuBanack [11]. [lo mocneaneit
rumnorese, npu CT Ha ypoBHE CTpHAapHON CHCTEMbI IPONCXOIUT HEKasl OMMOKa cueTa MH(pOpMAIHH,
YTO BEJIET K HENPOU3BOJIBHOMY ABHKEHHIO, BOCHIPUHHMAEMOMY B KOPTHKO-CTPHATO-TaJlaMO-KOPTH-
KaJbHOM ITyTH KaK ITPOM3BOJILHOE. B CBSA3M ¢ 3THM NpeionaraeTcsi BOSMOXHOCTb CEJIEKTHBHOTO BO3-
JICUCTBHSI HA MIOJIKOPKOBBIE CTPYKTYPBI C LENbIO CHATHSI TaTOJIOrHYeckol mporpammel. Jlodamunep-
TMYECKHI KOPTUKO-CTPUATO-TAJIaMO-KOPTHKAJIBHBIN ITyTh HAXOAUTCS B TOCTOSTHHOM B3aWMO/ICHCTBUH
¢ TOPMO3HOH (pyHKITHeH ramma-amuHoMacsiHor kucnotel (FAMK) u cepotonmna. Pors ceporonnHa
B pa3sutuu THKOB U CT cranma oOcyKaaTbcs Mmocje Toro, Kak ObuIM 0OHapyKEHBI MyTaIlU B T€HAX
peneniropax cepotonnHa S-HTTLPR (serotonin transporter gene-linked polymorphic region), HTR2C
(5-hydroxytryptamine receptor 2C) u nonumop¢usMbl reHa TpaHcrnoprepa ceporonnHa SLCO6A4
(solute carrier family 6 member 4) [12, 13, 14]. B poccuiickux uccnenoBanusx [15], TOCBAIIEHHBIX
00MEHYy MOHOAMHHOB B HEPBHOH cHCTeME — 10(aMUHa, HOPaIPEHAINHA U CEPOTOHMHA y MAllNEHTOB
¢ CT nerckoro Bo3pacra, Obljla [T0Ka3aHa CBS3b BBICOKOTO COZEPKaHUSIM CEPOTOHNHA C BOKAIBHBIMU
THKaMH, a TopaMrHa — C MOTOPHBIMH, YTO TTO3BOJISICT MMPOBOIUTH MU (HEPEHITPOBAHHYIO (PapMaKo-
TEPaItIo0 B 3aBUCHMOCTH OT BBIPQXKEHHOCTH BOKAJIBHBIX WM ABHMrarteibHbIx cumnromoB CT. [luc-
(YHKIMS TOPMO3HBIX BIMSHHUI B HEHPOHHBIX CETSIX paccMaTpUBAcTCsl KaK OJHA W3 MPHOPUTETHBIX
THIIOTE3 MAaTOTeHe3a THKOBBIX rHrepkuHe3oB. Mccnenosanue Tian Y. u coat. (2011 romx) mokasaio,
YTO HECKOJBKO I'CHOB, CBsi3aHHBIX ¢ penentopamMu TAMK4/TAMKI] 1 HUKOTHHOBBIM PEIETITOPOM Y
6ompHBIX ¢ CT, mogBepraroTcss aHOMaIbHOMY, HETIPABUIIBHO CIUTAHCHHTY (OT aHIvI. splice — cpaniuBaTh
WIN CKJIEMBaTh KOHIIBI 4ero-n0o), 4To BeaeT K abeppaHTHOi (OT sar. aberrans, «COMTBCSI C ITyTHY,
3a0my>kaaThest) KoHGopmanmu (0T JaT. conformation «popma, TOCTPOCHHE, PACIIONOKEHUEY) peIleTI-
TOpa, K HAPYLICHUIO HOPMAIbHOTO (DYHKIIMOHUPOBAHUS U TIOSIBJICHUIO TUKOB [ 16].

Hetipoanamomuueckue ocobennocmu npu cunopome Typemma. HecMoTpsi Ha 0Ka3aHHBIC TeHe-
THUYECKHUE, IEPUHATAIBHBIC U UMMYHOJIOTHYECKHE KOMITOHEHTBI IIATOT€HE3a THKO3HBIX TMIIEPKUHE30B,
Ha CEerojiHsl HeT YeTKOro IIOHMMAHUs ATHONATOIEHETHYECKUX MEXaHH3MOB BO3HHKHOBEHUS Y Pa3BU-
Tus 3a001eBaHMs. B mocnenHre Toapl IeTadbHO M3Y4aroTCs (PyHKIIMOHAIBHBIE U CTPYKTYypPHBIE W3-
MeHeHwust, XapakrepHsle it CT, 3arparuBarorine MHOXKECTBO KOPKOBBIX M MOAKOPKOBBIX CTPYKTYP,
B YacTHOCTH Oa3zanbHble raHmmu. CormacoBaHHAs JAESTEIBHOCTh KOPTHKO-CTPHATO-TAIAMO-KOp-
TUKAJIbHBIA MyTeH KOOPJMHUPYET CIOKHBIC JBUTATEIbHBIC aKThl, KPOME TOTO, 3TH K€ IyTH MHTE-
TPUPOBAHBI B PETYJSILNIO SMOLMOHAIBHBIX U KOTHUTHBHBIX QyHKumit [17, 18]. OqHako oTcyTCTBYET
HCUEPIBIBAONIAs HEWPOOMOIOTHIecKast MOJIEIb, CIIOCOOHAs! OOBSICHUTh HEHPOHAIBHYIO INHAMHUKY,
JISKAIYI0 B OCHOBE MPOSIBIICHHSI WU MTOJABICHUS THKOB.
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Llens paboThl — HAay4HBIH aHAIN3 OCHOBHBIX JIOKA3aTEIbCTB CTPYKTYPHBIX U (DYHKIIMOHAIBHBIX
aHOMAaJINH B CTPYKTypax Mo3ra, BoBicdeHHBIX B CT.

ba3anpHble raHIIMM OTHOCSITCS K MOHOAMHUHEPTUYCCKUM sJIpaM, YJaCTBYIOIIUX B YIIPaBJICHUU U
TUTAHUPOBAHMH ITPOU3BOJILHBIX JBIKCHHH. K HUM OoTHOCSTCS:

1) momocaroe Teno (cocTosmee U3 AAEP: XBOCTATOTO, CKOPIYIBI, KOTOPBIE 00pa3yroT YeUeBHIICO-
OpaszHoe AP0, ¥ IPUIISIKAILETO SIpa);

2) OmeHbIN map, pa3ieleHHbI Ha BHEITHIOK (JaTepaibHyI0) YacTh W BHYTPEHHIOI (MEIHalb-
HYIO) 4acTH;

3) cyOTamaMu4eckoe apo, TaraMyc U YepHasi CyOCTaHIIHS.

OTH CTPYKTYphI ACHCTBYIOT IyT€M WHTETPAI[MM JIBUTATEIbHBIX W/MJIM KOTHUTHBHBIX BXOJIOB M3
KOpBI U TPOCLHPYIOTCS B TI0JIOCATOE TENIO, KOTOPOE IepeAaeT UX B Tajlamyc, OTCiona MH(OpMarus
BO3BPAIIAETCSA B KOPY, TJ€ MPOUCXOANUT TUIAHUPOBAHWE W BBHINIOJHEHHWE TBUTATEIHHOTO akTa. B me-
PHOJT HOBOPOXK/IEHHOCTH, JIO TIOJIHOTO Pa3BUTHUSI KOPKOBBIX MPEICTABUTEILCTB, Oa3alibHbIC MaHTINT
SIBIISTIOTCSI BRICIIMME IIEHTPAaMH ABIKCHHUN. B GonbImmHCTBe BecnenoBanmii y manueHToB ¢ CT Obiio
00HApPYKCHO CHMKEHUE (DYHKIIMOHMPOBAHUS U YMEHbBIIICHHE 00beMa 3TuX obsacteid. Bee 3To mpuso-
o K gucdynkiyun crpuapubsix TAMK-eprudecknx HEHpOHHBIX ceTeid, YTO MPUBOAUT K Upe3Mep-
HOMY BBICBOOOXKICHHIO JOo(aMuHa, U3-3a KOTOPOTO MPOMCXOAAT THKOBEIEe rumnepkuHess! [19]. Tlocre-
JIYIOIINE UCCIIEA0BAHUs C MCIIONb30BaHUEM (DYHKIIMOHAIBHOM MarHUTHO-PE30HAHCHOW TOMOTrpaduu
BeLiBITH y mareHToB ¢ CT mopdonormueckne usmenenus [20]. Tak, Peterson B.S. u coasrt. (2003)
3aJJ0KyMEHTHUPOBAJIM YMEHbIIIEHHE 00beMa 0a3alibHbIX raHrmeB B rpynme u3 150 nanuenToB (B3poc-
aeix 1 ereit) ¢ CT [21]. ¥V mereii HaOmoganock yMeHbIIEHHE 00beMa XBOCTATOTO SI/Ipa, Y B3POCIIBIX
MalMeHToB MOPQOIOrHYecKre U3MEHEeHHS! ObLIIM OoJiee paciipoCTpaHEeHHBIMH, 3aTPparuBasi He TOJIbKO
XBOCTATOE SIJIPO, HO M BCE CTPYKTYPhI Oa3aJIbHBIX TAHIIIUEB.

WuTepecHble pe3ylbTaThl KacaroTcsl CICMU(PUUSCKUX BOKATBHBIX THKOB, XapakTepHbIX miust CT
(mocTosIHHOE MOKAIUIMBAHUE, XPIOKaHbe, KOMPOJIajHs, MOBTOPEHHE TEPMHUHOB 1 3ByKOB). HecMoTps
Ha OTCYTCTBHE OTPE/ICICHHBIX JaHHBIX OTHOCUTEIHHO MEXaHU3MOB M CETEH, YIaCTBYIOIINX B UX U3-
JY4YEHHH, MPEAINOoJaraeTcsl HeHTpajIbHas POJib MPHUIISKAIIETO Spa U BOJIOKOH, KOTOPBIE CBSI3BIBAIOT
€ro ¢ JMMONYECKON CHCTEMOM, Ha >KUBOTHBIX MOJIEIISIX C y4acTHEM NMPUMATOB ObliIa MPOJIEMOHCTPH-
poBaHa LEHTpaIbHAS POJb Mpuiekamero sapa [22]. Ilyrem rumepcTuMyIsuy MPHUIISKAIIETro apa
MUKpPOMHBEKIMEH OuKyKy/uinHa-antaronucra FAMK unccienoBaresin BbI3BaIN CIIOXKHBIE [TOBTOPSIIO-
Irecs BOKaTU3aIiy, 9To noareepkaaet runoresy o TAMK nedurure mpu CT.

Tanamyc — napHas CTpyKTypa, pacrojoKeHHas OniaTepaibHO 110 KpasM TPEThEro KelTydouka, Ko-
TOpasi MPENCTABISAET COO0H «IIEHTP cOopa M COPTHPOBKI JIJIsl BOCXOSINEH 1 HUCXOMIAIICH TyBCTBH-
TEJIBHOM ¥ IBUTATENIbHON HH(pOpManuu. MceaeqoBaHus, MPOBEACHHBIC C ITOMOIIBIO (ByHKIIMOHAIBHON
MarHMTHO-pe30HaHCHOH Tomorpaduu [23], BEIABMIM cHenu(pUUYECKY0 THIEpaKTHBALNIO Tajlamyca
BO BpeMsI ITPOU3BOIHHOTO MOAABICHHUS CHMIITOMOB THKA, YTO MPEATIONIaraeT He0OXOANMOCTh COTIa-
COBAHHOTO JICHCTBHSA TajaMyca C JIpyTUMU CTPYKTypaMu Oa3ajibHbIX IaHIJIMEB Il HHTHOMpPOBaHUS
Tuka. KpoMe Toro, McciaeioBaHus MOKAa3bIBAIOT, YTO TsHKeCTh cUMIToMoB CT TECHO KOppenmpyeT ¢
OouiblIeit aKTMBHOCTBIO TAIAMUYECKHUX U MTOJAKOPKOBBIX 00JIaCTE 110 CPABHEHHUIO C KOPKOBBIMH Hpe/I-
CTaBHUTEIILCTBAMH, YTO MOUCPKUBAET IEHTPAIHLHOE MECTO MOJKOPKOBBIX CTPYKTYpP B Pa3BUTHH TH-
KO3HBIX THIepKuHE30B [23]. JIpyroe mcciemoBaHue MoKa3aio, YTO MOBPEXKICHUS TajaMmyca 000
9THOJIOTUH YCUJIUBAET TUKU [24]. DT U Ipyrue pe3ynsTaThl IPUBEIH K CIEAYIOIIEH THIoTe3e: Ha-
PYIICHHE PETYISAINN TallaMOKOPTUKAIHHON aKTHBHOCTH MOXKET OBITH KITFOYEBOW MPUYNHON CHMIITO-
MAaTUYCCKOI'0 IMMPOABJIICHUS TUKO3HBIX CUHAPOMOB. O MOp(bOMeTpI/I‘IeCKI/IX XapaKTEeprUCTUKaX TajlaMyca
npu CT B uTeparype HMEIOTCS HEOTHO3HAYHBIC, IPOTUBOPEYNBHIC BRIBOIBI. Hammpumep, oHO rccite-
JIOBaHKE MOKA3aJ0 yBEIWUCHHE pa3Mepa JIEBOTO Tajamyca B BIOOpKe U3 18 MOAPOCTKOB MYMKCKOTO
nonna ¢ CT, marueHTsl HUKOTIa He ToTy4aiy (hapMakoioruueckoro jedenus [25]. Jlpyroe uccienoa-
Hue, oovenuHMBIICE 15 B3pocipix mamuenToB ¢ CT, He TPoaeMOHCTPHPOBATIO HUKAKAX OTKIOHEHUH
pa3mepoB Tajamyca [26]. Tperbs paboTa BbIsIBHIIa YMEHbIICHHE 00beMOB Tajamyca y neteit ¢ CT,
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panee He noiy4aBiux (apmaxorepanuto. Mccnenosanue Miller A.M. (2010) nmpogeMoHCTpUpPOBaIIO
YBEIMUYCHNE PAa3MEpOB Tanamyca, 0coOeHHO ciieBa [27]. PaznnuHble KIMHUYECKUE BAPUAHTHI THKO3-
HBIX TUIIEPKHHE30B U (hapMakoTepariisi B aHaMHe3e, TaK)Ke BO3pAacCT, T10J1 U pa3Mep BBIOOPKH B MPO-
aHAJIM3MPOBAHHBIX pab0TaX BMECTE CO 3HAYMTEIHHBIMH PA3INYMSAMH B UCIIOIB3YEMBIX METOJax 00-
PabOTKH M300paKEHUH HE MO3BOJSIOT TOYHO OOBSICHUTD M MHTEPIIPETUPOBATH PACXOKICHUS MEKITY
MIOJTy4EHHBIMU PE3yJIbTaTaMH, YTO YKa3blBaeT Ha HEOOXOJMMOCTh OoJiee IIyOOKHX M METOJMYECKH
TIPOSYMAHHBIX HCCIIETOBAHHH.

boapmmucTBO I/ICCJ'leL[OBaHI/Iﬁ BBIABWJIN HAJIMYUC PA3TIUYHBIX O6T)€MHI)IX W3MEHCHUM B J'lO6H0—KOp-
THKAJIBHBIX 00JIaCTSX: HAOIIONAIOCH YBEIIMUCHHE pa3Mepa JOpCalIbHOM IpepOHTATLHON 1 TEMEHHO-
3aTBIJIOYHON 001acTeH y B3pOCTBIX M JeTel (Oonee BRIpaKEHHOE Y MAJIIBUYMKOB) M, HAIIPOTUB, YMCHb-
LIEHNE HIDKHHUX 3aThUIOYHBIX M ITPEMOTOPHBIX oOacTeil (Gosee BEIpaKeHHOE Y €BOYEK U B3POCIBIX
o0ownx 1mosoB) [28]. DTH pa3nu4ns, KOPPETUPYIOLIHE C TOJIOM U BO3PACTOM ITAIIUEHTOB, OOBICHSIIOTCS
pa3nuuHBIME (haKTOpaMHM, BKIIIOYAs CTA/IMU Pa3BUTHUS MO3Ta, JICHCTBHUE TIOJIOBBIX TOPMOHOB, TSXKECTh
CHMIITOMOB, IUIACTUYECKHE W3MCHECHMS, 3aBUCSIINE OT JOJITOCPOYHONW aKTUBHOCTH (TIPEITIONOKH-
TEJILHO aJIAIITUBHOTO MJIM KOMIIEHCATOPHOI'O XapakTepa), BO3HHKAIOIINE B PE3yJIbTaTe COXPaHEHHS
THKOB Jlaske BO B3pocsioM Bozpacte [29]. [Tockonbky 6ornee HU3KHE OpOUTO(GPOHTAIBEHBIC U TEMEHHO-
3aThUIOYHBIE 0OBEMBI YaCTO CBA3aHBI C 00JI€e CEephEe3HBIMU CUMITOMaTHuecKUMH nposiBieHusMu CT,
CYIIECTBYET I'MIIOTE3a, YTO MAL[MEHThI, Y KOTOPBIX HAOIIOAAETCs CHW)KEHHE aKTUBHOCTH 3THX o0Jia-
CTEH, TaKke UMEIOT MEHBIITYIO CITOCOOHOCTH KOHTPOIHPOBaTh cBou amonnH [30, 31]. Korma marmen-
Tl ¢ CT HaMepeHHO MOJABISIIOT BBIOPOCH THKOB, aKTHBHUPYETCs IpepOHTAIBbHAS KOPa, YTO OOBIYHO
COINPOBOYK/IAETCSl OZTHOBPEMEHHBIM CHI)KCHHEM aKTHMBHOCTH 0Oa3alibHBIX raHmmes [32].

[TosicHast N3BMIIMHA PACIIONOKEHA HAJl MO3OJIHCTBHIM TEJIOM, KOTOPYIO MOYKHO Pa3eIuTh Ha TPH OC-
HOBHBIC YaCTH: IIEPEIHION, CPEIMHHYIO U 3a/iHI0I0. Kaxkaast 3 3THX yacTeil nMeeT 0coOyro nuToap-
XUTEKTOHUKY W CIeT(pUIecKue CBI3H ¢ ApyruMu odmactsamu mo3ra (puc. 1). Ilepennsis gacTs ycra-
HaBJIMBAET MHOTOYHCIICHHBIE B3aMMOCBSI3HU C JIOOHON KOPOH M IpepOHTAIILHOM KOPOH, pa3InuHbIMH
JUMOMYECKUMH CTPYKTYPAaMH, UTPAET BaKHYIO POJIb B SMOILMOHAIBHOW OKPAaCKe pedur M JABMKECHHH,
WHUIMAIUU 1 MOTUBAIUH 1eneBoro noseaeHus [33, 42]. CpenHss 4acTh CBsi3aHa C JI0pcosaTepab-
HOH mpedpoHTaTBHON KOPOH, MOTOPHOH KOPOH, TEMEHHOW KOPOW M CITMHHBIM MO3TOM U Y4acTBYET
B MEXaHM3MaxX MPUHATHSA PELICHUH, GOpMHUPOBAHNHN TOMOKHHETHYECKONW NMaMSTH U MPOH3BOJILHOM

Puc. 1. IlosicHas u3BUIAMHA Y 310POBOTO YEJIOBEKA (ClIeBa) U y MaIMeHTa ¢ cuHApoMoM Typetra (cnpasa) [42]

Fig. 1. The cingulate gyrus in a healthy person (left) and in a patient with Tourette syndrome (right) [42]
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KOHTpoOJIe ABWKEHUH [42]. 3aaHsIs1 4acTh B3aUMOICHCTBYET C TEMEHHON U BUCOYHOM JTOJISIMU, THUIIIIO-
KaMIIOM U PHTOPUHAIBFHON KOPOH, IEPEIHIUM TalaMHYSCKUM SAPOM; CICIOBATEIbHO, OHA YIaCTBYET
B YIPaBJICHUH U 00pabOTKE MaMsITH U MPOCTPAHCTBEHHOW OPUEHTAIINH, aCCOLMATUBHOIO O0yUYeHusI,
JIBIOKEHHSI U CEHCOMOTOPHBIX cTUMYNIOB [33]. MccnenoBanusi nauuentoB ¢ CT mokazanu yMeHbILIEHHE
TIepeHeH 1 CpeIHEH YacTeil U, HalPOTHB, YBEIMUCHHUE TOJIIIMHBI B 33JHEH YaCTH TTOSCHON N3BIJIMHEI [34].

Mo3xKe4oK TpajuIHOHHO ACCOLUUPYETCS ¢ MOCTYypalbHON yCTONYMBOCTBIO U 3alPOrpaMMUpPO-
BaHHBIMH JIBUTATEIFHBIMU QYyHKIHAMA. [loBpexkaeHus B 3Tol obmactr (0cOOCHHO B TIepeHeH 10I1e)
MOTYT TPUBOJAUTH K M3MEHEHHUSM BO BPEMEHHOW W MPOCTPAHCTBEHHOW KOOPIWHAIMM JIBHKEHUH,
TUIIOTOHWH, MTOCTYPAIbHON HEYyCTOWYMBOCTH, HAPYIICHUSAM JBHUTaTEIbHOTO 00ydeHus. OIHAKO ITO-
CJIEITHHME MCCIEJOBAHMUS PACKPBIBAIOT €T0 BAKHOCTh TAK)KE B OTHOIICHHUHN BBICIINX KOTHUTUBHBIX CIO-
cobHocrei n nosezeHus [42]. beun 0OHapy)KeHbI HEKOTOpbIe HEHPOHHBIE Ty TH, HAIPUMEP, KOPTHKO-
MTOHTO-MO3KEUKOBBIN IYTh U MO3KEUKOBO-TAITAMO-KOPTUKAIBHBIH ITyTh, KOTOPHIE CBA3BIBAIOT MO3KE-
YOK C JIOOHOM, BUCOYHOW U TEMEHHOMN KOPOH M € MapaJTMMOMYECKUMH 00JIACTSIMH, YTO TIPEJIIoIaraeT
€ro yJacThe B KOTHHTHUBHBIX, SMOIIMOHAIBHBIX, SI3BIKOBBIX M Ja)X¢ BU3YaTbHO-IIPOCTPAHCTBEHHBIX
dyskuusx [37]. Tak, ucciaeqoBaHus IEMOHCTPUPYIOT YU4aCTHE MO3XKEUYKa B FC€HE3€ THKOB, 0COOCHHO
B otHomeHnu CT [38]. YBenuuenue crpuaproro nodamuna, Ber3BanHOe mucynkimeir TAMK cereit
B 0a3aJbHBIX TAaHDINAX, MPUBOAAIIEE K O9arOBOMY aHOMAJIbHOMY BO3OY)KICHHIO B ITOJIOCATOM Tele,
MOXKET BJIMSITh HA MO3)KEUKOBYIO aKTHBHOCTB, 3aIlyCKass MEXaHH3M OTpPHILATEIbHONW 00OpaTHOH CBSI3H
— OT MO3KeUKa K 0a3ajbHBIM TaHTIINSAM — U BEACT K PACTOPMAKUBAHUIO HUCXOISIINX JTBUTATCIHHBIX
MyTeH, YTO U SBISETCS OCHOBOM BOSHUKHOBEHHMsI TUKOB [38, 42].

3akJ0ueHne

HeiipoBu3yann3annoHHbIe HCCIIEIOBAHNS BBISIBUIIN CTPYKTYpPHBIE U (DYHKIIMOHAIbHbIC aHOMAITUH
B Pa3IUYHBIX 00JACTAX MO3Ta, BKIFOYAs 0a3albHbIC TAaHTIIMH, TATaMyC, TOSCHYIO U3BIIIMHY U MO3-
JKeYOK. Pe3ynmbpraTsl CBUAETENBCTBYIOT, YTO KOPTHKO-CTPHATO-TAIaMO-KOPTHKAIBHBIN Ty Th, KOTOPBIH
OTBEYAET 3a yNpaBJICHUE IMPUBBIYHBIM JIBUTaTeIbHBIM MOBEACHUEM, UTPACT PEIIAIOIIYI0 POJIb B BO3-
HUKHOBEHHUH THKOB [41]. OqHaKo KOHKPETHBIE MEXaHU3MBI, JISKAIINE B OCHOBE ATHX AUC(YHKIIHN, HE
M3y4YeHBI 10 KOHIA. [ eTeporeHHOCTh MOMYJNIALUH MAI[eHTOB, Pa3INyHasl TSKECTh M BBIPAKEHHOCTh
CHUMIITOMOB, HAJIMYUE COITYyTCTBYIOMINX 3a00JICBAHUI M pa3IMYHBIC CTpaTerud (papMakoTeparmu, Ko-
TOPBIM CJIEAYIOT MAIECHTHI, 3aTPYIHIIOT BOSMOXXHOCTh CAETIaTh OKOHYATEIHHBIC BBIBOIBI O MATO(H-
3MOJIOTUH 3TUX PACCTPONUCTB U UX HEHpoaHATOMUYECKUX KoppeisaTax [42].

Taxum 00pa3zoM, UCCIIETOBAHUS TOIDKHBI OBITH COCPEIOTOUCHBI Ha YETKO OMPEACTICHHBIX BEIOOp-
Kax MalUMeHTOB U MCIOJIb30BaTh CTPOTHE KPUTEPUHU BKIIIOYEHUS U UCKITIOUEHUs. JIOHTUTyIMHAIIbHBIE
HCCIIEIOBaHMSI, OTCIIEKUBAIOLINE OQHUX U TEX K€ NALMEHTOB ¢ JETCTBA JI0 3PEJIOro BO3pacTa, MOTryT
MPEIOCTaBUTh IIEHHYIO HH(OPMAIIUIO O PAa3BUTHU U CUMIITOMAaTHYECKON IBONIOLUH U TpaHchopma-
LMW 3TUX PACCTPOUCTB U X HEHPOAHATOMUUYECKUX U3MEHEHHUH ¢ TE€UeHHUEM BPEMEHH.

Jluteparypa

1. 3pikoB B.I1. Tuku u cuaapom Typerra y nereit. XKypruan nesponoruu n nncuxuarpuu um. C.C. Kopcakosa.
2020;120(5):116—124. https://doi.org/10.17116/jnevro2020120051116

2. Yytxo JI.C., Cypymxuna C.1O., Auncumosa T.J. DMonuoHanbHble HApYIICHUS Y TIOAPOCTKOB C CHHAPO-
MoM Typerra u ux marepeit. JKypnan neeponoeuu u ncuxuampuu um. C.C. Kopcakosa. 2018;118(11):56-59.

3.YuL,XuH,JiangZ, Yang H, Cui Y, Li Y. Comorbidity of physical illnesses and mental disorders in outpatients
with tic disorders: a retrospective study using the outpatient case system. Front Neurol. 2024:5;15:1397766. doi:
10.3389/fheur.2024.1397766

4. Kadesjo B, Gillberg C. Tourette’s disorder: epidemiology and comorbidity in primary school children. J
Am Acad Child Adolesc Psychiatry. 2000;39(5): 548-555. https://doi.org/10.1097/00004583-200005000-00007

5.LiF,CuiY, LiY, Guo L, Ke X, Liu J, et al. Prevalence of mental disorders in school children and adolescents
in China: diagnostic data from detailed clinical assessments of 17,524 individuals. J Child Psychol Psychiatry.
(2022) 63:34-46. doi:10.1111/jcpp.13445

64



BECTHMK CEBEPO-BOCTOYHOI0 BEAEPANBHOIO YHUBEPCHTETA HMEHH M.K. AMMOCOBA

Cepua «MEAULUHUHCKHE HAVKMY, No 2 (43) 2026

6. Alves HL, Quagliato EM. The prevalence of tic disorders in children and adolescents in Brazil. Arq
Neuropsiquiatr. 2014;72(12):942-948. https://doi.org/10.1590/0004-282X20140174

7.KhalifaN, von Knorring A. Prevalence oftic disorders and Tourette syndrome in a Swedish school population.
Developmental Medicine & Child Neurology. 2003;45:5. https://doi.org/10.1017/s0012162203000598

8. Surén P, Bakken 1J, Skurtveit S, Handal M, Reichborn-Kjennerud T, Stoltenberg C, Nestvik LI, Weidle B.
Tidsskr Nor Laegeforen. 2019;139(17). https://doi.org/10.4045/tidsskr.19.0411

9. Bloch MH, Peterson BS, Scahill L, Otka J, Katsovich L, Zhang H, Leckman JF. Adulthood outcome of
tic and obsessive-compulsive symptom severity in children with Tourette syndrome. Arch Pediatr Adolesc Med.
2006;160(1):65-69. https://doi.org/10.1001/archpedi.160.1.65

10. Kurvits L, Martino D, Ganos C. Clinical features that evoke the concept of disinhibition in Tourette
syndrome. Front Psychiatry. 2020;11(21):21. 10.3389/fpsyt.2020.00021

11. Yanjie Qi, Yi Zheng, Zhanjiang Li, Lan Xiong. Progress in Genetic Studies of Tourette’s Syndrome. Brain
Sci. 2017;7:134. https://doi.org/10.3390/brainsci7100134

12. Cavallini MC, Di Bella D, Catalano M, Bellodi L. An association study between 5S-HTTLPR polymorphism,
COMT polymorphism, and Tourette’s syndrome. Psychiatry Res. 2000;97:93-100. https://doi.org/10.1016/s0165-
1781(00)00220-1

13. Dehning S, Miiller N, Matz J, Bender A, Kerle I, Benninghoff J, Musil R, Spellmann I, Bondy B, Méller
H-J, et al. A genetic variant of HTR2C may play a role in the manifestation of Tourette syndrome. Psychiatr
Genet. 2010;20:35-38. https://doi.org/10.1097/YPG.0b013e32833511ce

14. Moya PR, Wendland JR, Rubenstein LM, Timpano KR, Heiman GA, Tischfield JA, King RA, Andrews
AM, Ramamoorthy S, McMahon FJ, et al. Common and rare alleles of the serotonin transporter gene, SLC6A4,
associated with Tourette disorder. Mov Disord. 2013;28:1263-1270. https://doi.org/10.1002/mds.25460

15. Bonnapenko E.C., 3pikoB B.I1., Octpeiiko T.5. OcoGeHHOCTH HEHPOMETHaTOPHOTO OOMEHA MPH CHHIPO-
me Typerra. Anpmanax «Mcuenenuey». 1997;3:178-179

16. Tian Y, Gunther JR, Liao IH, Liu D, Ander BP, Stamova BS, Lit L, Jickling GC, Xu H, Zhan X, Sharp FR.
GABA- and acetylcholine-related gene expression in blood correlate with tic severity and microarray evidence for
alternative splicing in Tourette syndrome: a pilot study. Brain Res. 2011;1381:228-236. https://doi.org/10.1016/j.
brainres.2011.01.026

17. Lamanna J, Ferro M, Spadini S, Racchetti G, Malgaroli A. The dysfunctional mechanisms throwing
tics: structural and functional changes in Tourette syndrome. Behav Sci. 2023;13:668. https://doi.org/10.3390/
bs13080668

18. Naro A, Billeri L, Colucci VP, et al. Brain functional connectivity in chronic tic disorders and Gilles de La
Tourette syndrome. Prog Neurobiol. 2020;194:101884. https://doi.org/10.1016/j.pneurobio.2020.101884

19. Worbe Y, Marrakchi-Kacem L, Lecomte S, et al. Altered structural connectivity of cortico-striato-pallido-
thalamic networks in Gilles de la Tourette syndrome. Brain. 2015;138(Pt 2):472-482. https://doi.org/10.1093/
brain/awu311

20. Bloch MH, Leckman JF, Zhu H, Peterson BS. Caudate volumes in childhood predict symptom
severity in adults with tourette syndrome. Neurology. 2005;65:1253-1258. https://doi.org/10.1212/01.
wnl.0000180957.98702.69

21. Peterson BS, Thomas P, Kane MJ, et al. Basal ganglia volumes in patients with gilles de la Tourette
syndrome. Arch Gen Psychiatry. 2003;60(4):415-424. https://doi.org/10.1001/archpsyc.60.4.415

22. McCairn KW, Nagai Y, Hori Y, et al. A primary role for nucleus accumbens and related limbic network in
vocal tics. Neuron. 2016;89(2):300-307. https://doi.org/10.1016/j.neuron.2015.12.025

23. McCairn KW, Nagai Y, Hori Y, et al. A primary role for nucleus accumbens and related limbic network in
vocal tics. Neuron. 2016;89(2):300-307. https://doi.org/10.1016/j.neuron.2015.12.025

24. Peterson BS, Bronen RA, Duncan CC. Three cases of symptom change in Tourette’s syndrome and
obsessive-compulsive disorder associated with paediatric cerebral malignancies. J Neurol Neurosurg Psychiatry.
1996;61(5):497-505. https://doi.org/10.1136/jnnp.61.5.497

25. Lee JS, Yoo SS, Cho SY, Ock SM, Lim MK, Panych LP. Abnormal thalamic volume in treatment-
naive boys with Tourette syndrome. Acta Psychiatr Scand. 2006;113(1):64-67. https://doi.org/10.1111/1.1600-
0447.2005.00666.x

26. Wang L, Lee DY, Bailey E, et al. Validity of large-deformation high dimensional brain mapping of the
basal ganglia in adults with Tourette syndrome. Psychiatry Res Neuroimag. 2007;154(2):181-190. https://doi.
org/10.1016/j.pscychresns.2006.08.006



BECTHMK CEBEPO-BOCTOYHOI0 BEAEPANBHOIO YHUBEPCHTETA HMEHH M.K. AMMOCOBA

Cepua «MEAULUHUHCKHE HAVKMY, No 2 (43) 2026

27. Miller AM, Bansal R, Hao X, et al. Enlargement of thalamic nuclei in Tourette syndrome. Arch Gen
Psychiatry. 2010;67(9):955-964. https://doi.org/10.1001/archgenpsychiatry.2010.102

28. Peterson BS, Staib L, Scahill L, et al. Regional brain and ventricular volumes in Tourette syndrome. Arch
Gen Psychiatry. 2001;58(5):427-440. https://doi.org/10.1001/archpsyc.58.5.427

29. Peterson B, Leckman J, Scahill L, et al. Steroid hormones and CNS sexual dimorphisms modulate
symptom expression in tourette’s syndrome. Psychoneuroendocrinology. 1992;17(6):553-563. https://doi.
org/10.1016/0306-4530(92)90015-Y

30. Miiller-Vahl KR, Grosskreutz J, Prell T, Kaufmann J, Bodammer N, Peschel T. Tics are caused by
alterations in prefrontal areas, thalamus and putamen, while changes in the cingulate gyrus reflect secondary
compensatory mechanisms. BMC Neurosci. 2014;15:6. https://doi.org/10.1186/1471-2202-15-6

31. Ramkiran S, Veselinovi¢ T, Dammers J, et al. How brain networks tic: predicting tic severity through
rs-fMRI dynamics in Tourette syndrome. Hum Brain Mapp. 2023;44(11):4225-4238. https://doi.org/10.1002/
hbm.26341

32. Ganos C, Kiihn S, Kahl U, et al. Action inhibition in Tourette syndrome. Mov Disorders. 2014;29(12):1532-
1538. https://doi.org/10.1002/mds.25944

33. Vogt BA. Cingulate cortex in the three limbic subsystems. Handb Clin Neurol. 2019;166(3):39-51. https://
doi.org/10.1016/B978-0-444-64196-0.00003-0

34. O’Neill J, Piacentini JC, Peterson BS. Cingulate role in Tourette syndrome. Handb Clin Neurol.
2019;166:165-221. https://doi.org/10.1016/B978-0-444-64196-0.00011-X

35. Dowdle LT, Brown TR, George MS, Hanlon CA. Single pulse TMS to the DLPFC, compared to a matched
sham control, induces a direct, causal increase in caudate, cingulate, and thalamic BOLD signal. Brain Stimul.
2018;11(4):789-796. https://doi.org/10.1016/j.brs.2018.02.014

36. Braun A. The functional neuroanatomy of tourette’s syndrome: an FDG-PET study. II: relationships
between regional cerebral metabolism and associated behavioral and cognitive features of the illness.
Neuropsychopharmacology. 1995;13(2):151-168. https://doi.org/10.1016/0893-133X(95)00052-F

37. Wagner MJ, Luo L. Neocortex-cerebellum circuits for cognitive processing. Trends Neurosci.
2020;43(1):42-54. https://doi.org/10.1016/j.tins.2019.11.002

38. D’Urso G, Toscano E, Sanges V, et al. Cerebellar transcranial direct current stimulation in children with
autism spectrum disorder: a pilot study on efficacy, feasibility, safety, and unexpected outcomes in tic disorder and
epilepsy. J Clin Med. 2021;11(1):143. https://doi.org/10.3390/jcm11010143

39. Sigurdsson HP, Jackson SR, Jolley L, Mitchell E, Jackson GM. Alterations in cerebellar grey matter
structure and covariance networks in young people with Tourette syndrome. Cortex. 2020;126:1-15. https://doi.
org/10.1016/j.cortex.2019.12.022

40. Tobe RH, Bansal R, Xu D, et al. Cerebellar morphology in Tourette syndrome and obsessive-compulsive
disorder. Ann Neurol. 2010;67(4):479-487. https://doi.org/10.1002/ana.21918

41. Perrotta G. Maladaptive stress: theoretical, neurobiological and clinical profiles. Arch Depress Anxiety.
2021;7(1):1-7. https://doi.org/10.17352/2455-5460.000057

42. Liberati AS, Perrotta G. Neuroanatomical and functional correlates in tic disorders and Tourette’s
syndrome: A narrative review. Ibrain. 2024;10(4):439-449. https://doi.org/doi:10.1002/ibra.12177

References

1. Zykov V.P. Tics and Tourette’s syndrome in children. Korsakov Journal of Neurology and Psychiatry.
2020;120(5):116-124 (in Russian). https://doi.org/10.17116/jnevro2020120051116

2. Chutko L.S., Surushkina S.Yu., Anisimova T.I. Emotional disorders in adolescents with Tourette’s syndrome
and their mothers. Korsakov Journal of Neurology and Psychiatry. 2018;118(11):56-59 (in Russian).

3. Yu L, Xu H, Jiang Z, et al. Comorbidity of physical illnesses and mental disorders in outpatients with tic
disorders: a retrospective study using the outpatient case system. Front Neurol. 2024 Dec 5;15:1397766. doi:
10.3389/fneur.2024.1397766

4. Kadesjo B, Gillberg C. Tourette’s disorder: epidemiology and comorbidity in primary school children. J
Am Acad Child Adolesc Psychiatry. 2000;39(5): 548-555. https://doi.org/10.1097/00004583-200005000-00007

5.Li F, Cui Y, Li Y, et al. Prevalence of mental disorders in school children and adolescents in China:
diagnostic data from detailed clinical assessments of 17,524 individuals. J Child Psychol Psychiatry. (2022)
63:34-46. https://doi.org/10.1111/jcpp.13445



BECTHMK CEBEPO-BOCTOYHOI0 BEAEPANBHOIO YHUBEPCHTETA HMEHH M.K. AMMOCOBA

Cepua «MEAULUHUHCKHE HAVKMY, No 2 (43) 2026

6. Alves HL, Quagliato EM. The prevalence of tic disorders in children and adolescents in Brazil. Arg
Neuropsiquiatr. 2014;72(12):942-948. https://doi.org/10.1590/0004-282X20140174

7. Khalifa N, von Knorring A. Prevalence of tic disorders and Tourette syndrome in a Swedish school
population. Developmental Medicine & Child Neurology.2003;45:5. https://doi.org/10.1017/s0012162203000598

8. Surén P, Bakken 1J, Skurtveit S, Handal M, Reichborn-Kjennerud T, Stoltenberg C, Nestvik LI, Weidle B.
Tidsskr Nor Laegeforen. 2019;139(17). https://doi.org/10.4045/tidsskr.19.0411

9. Bloch MH, Peterson BS, Scahill L, Otka J, Katsovich L, Zhang H, Leckman JF. Adulthood outcome of
tic and obsessive-compulsive symptom severity in children with Tourette syndrome. Arch Pediatr Adolesc Med.
2006;160(1):65-69. https://doi.org/10.1001/archpedi.160.1.65

10. Kurvits L, Martino D, Ganos C. Clinical features that evoke the concept of disinhibition in Tourette
syndrome. Front Psychiatry. 2020;11(21):21. https://doi.org/10.3389/fpsyt.2020.00021

11. Yanjie Qi, Yi Zheng, Zhanjiang Li, Lan Xiong. Progress in Genetic Studies of Tourette’s Syndrome. Brain
Sci. 2017;7:134. https://doi.org/10.3390/brainsci7100134

12. Cavallini MC, Di Bella D, Catalano M, Bellodi L. An association study between 5-HTTLPR polymorphism,
COMT polymorphism, and Tourette’s syndrome. Psychiatry Res. 2000;97:93-100. https://doi.org/10.1016/
s0165-1781(00)00220-1

13. Dehning S, Miiller N, Matz J, et al. A genetic variant of HTR2C may play a role in the manifestation of
Tourette syndrome. Psychiatr Genet. 2010;20:35-38. https://doi.org/10.1097/YPG.0b013¢32833511ce

14. Moya PR, Wendland JR, Rubenstein LM, et al. Common and rare alleles of the serotonin transporter gene,
SLC6A4, associated with Tourette disorder. Mov Disord. 2013;28:1263—-1270. https://doi.org/10.1002/mds.25460

15. Bondarenko ES, Zykov VP, Ostreiko TY. Features of neurotransmitter metabolism in Tourette syndrome.
Almanac “Healing”. 1997;3:178-179 (in Russian).

16. Tian Y, Gunther JR, Liao IH, et al. GABA- and acetylcholine-related gene expression in blood correlate
with tic severity and microarray evidence for alternative splicing in Tourette syndrome: a pilot study. Brain Res.
2011;1381:228-236. https://doi.org/10.1016/j.brainres.2011.01.026

17. Lamanna J, Ferro M, Spadini S, Racchetti G, Malgaroli A. The dysfunctional throwing mechanisms
tics: structural and functional changes in Tourette syndrome. Behav Sci. 2023;13:668. https://doi.org/10.3390/
bs13080668

18. Naro A, Billeri L, Colucci VP, et al. Brain functional connectivity in chronic tic disorders and Gilles de La
Tourette syndrome. Prog Neurobiol. 2020;194:101884. https://doi.org/10.1016/j.pneurobio.2020.101884

19. Worbe Y, Marrakchi-Kacem L, Lecomte S, et al. Altered structural connectivity of cortico-striato-pallido-
thalamic networks in Gilles de la Tourette syndrome. Brain. 2015;138(Pt 2):472-482. https://doi.org/10.1093/
brain/awu311

20. Bloch MH, Leckman JF, Zhu H, Peterson BS. Caudate volumes in childhood predict symptom
severity in adults with tourette syndrome. Neurology. 2005;65:1253—1258. https://doi.org/10.1212/01.
wnl.0000180957.98702.69

21. Peterson BS, Thomas P, Kane MJ, et al. Basal ganglia volumes in patients with Gilles de la Tourette
syndrome. Arch Gen Psychiatry. 2003;60(4):415-424. https://doi.org/10.1001/archpsyc.60.4.415

22. McCairn KW, Nagai Y, Hori Y, et al. A primary role for nucleus accumbens and related limbic network in
vocal tics. Neuron. 2016;89(2):300-307. https://doi.org/10.1016/j.neuron.2015.12.025

23. McCairn KW, Nagai Y, Hori Y, et al. A primary role for nucleus accumbens and related limbic network in
vocal tics. Neuron. 2016;89(2):300-307. https://doi.org/10.1016/j.neuron.2015.12.025

24. Peterson BS, Bronen RA, Duncan CC. Three cases of symptom change in Tourette’s syndrome and
obsessive-compulsive disorder associated with pediatric cerebral malignancies. J Neurol Neurosurg Psychiatry.
1996;61(5):497-505. https://doi.org/10.1136/jnnp.61.5.497

25.LeeJS, Yoo SS, Cho SY, et al. Abnormal thalamic volume in treatment-naive boys with Tourette syndrome.
Acta Psychiatr Scand. 2006;113(1):64—67. https://doi.org/10.1111/j.1600-0447.2005.00666.x

26. Wang L, Lee DY, Bailey E, et al. Validity of large-deformation high dimensional brain mapping of the
basal ganglia in adults with Tourette syndrome. Psychiatry Res Neuroimag. 2007;154(2):181-190. https://doi.
org/10.1016/j.pscychresns.2006.08.006

27. Miller AM, Bansal R, Hao X, et al. Enlargement of thalamic nuclei in Tourette syndrome. Arch Gen
Psychiatry. 2010;67(9):955-964. https://doi.org/10.1001/archgenpsychiatry.2010.102

28. Peterson BS, Staib L, Scahill L, et al. Regional brain and ventricular volumes in Tourette syndrome. Arch
Gen Psychiatry. 2001;58(5):427—-440. https://doi.org/10.1001/archpsyc.58.5.427

61



BECTHMK CEBEPO-BOCTOYHOI0 BEAEPANBHOIO YHUBEPCHTETA HMEHH M.K. AMMOCOBA

Cepua «MEAULUHUHCKHE HAVKMY, No 2 (43) 2026

29. Peterson B, Leckman J, Scahill L, et al. Steroid hormones and CNS sexual dimorphisms modulate
symptom expression in tourette’s syndrome. Psychoneuroendocrinology. 1992;17(6):553-563. https://doi.
org/10.1016/0306-4530(92)90015-Y

30. Miiller-Vahl KR, Grosskreutz J, Prell T, Kaufmann J, et al. Tics are caused by alterations in prefrontal
areas, thalamus and putamen, while changes in the cingulate gyrus reflect secondary compensatory mechanisms.
BMC Neurosci. 2014;15:6. https://doi.org/10.1186/1471-2202-15-6

31. Ramkiran S, Veselinovi¢ T, Dammers J, et al. How brain networks tic: predicting tic severity through
rs-fMRI dynamics in Tourette syndrome. Hum Brain Map. 2023;44(11):4225-4238. https://doi.org/10.1002/
hbm.26341

32. Ganos C, Kiihn S, Kahl U, et al. Action inhibition in Tourette syndrome. Mov Disorders. 2014;29(12):1532—
1538. https://doi.org/10.1002/mds.25944

33. Vogt BA. Cingulate cortex in the three limbic subsystems. Handb Clin Neurol. 2019;166(3):39-51. https://
doi.org/10.1016/B978-0-444-64196-0.00003-0

34. O’Neill J, Piacentini JC, Peterson BS. Cingulate role in Tourette syndrome. Handb Clin Neurol.
2019;166:165-221. https://doi.org/10.1016/B978-0-444-64196-0.00011-X

35. Dowdle LT, Brown TR, George MS, Hanlon CA. Single pulse TMS to the DLPFC, compared to a matched
sham control, induces a direct, causal increase in caudate, cingulate, and thalamic BOLD signal. Brain Stimul.
2018;11(4):789-796. https://doi.org/10.1016/j.brs.2018.02.014

36. Braun A. The functional neuroanatomy of tourette’s syndrome: an FDG-PET study. II: relationships
between regional cerebral metabolism and associated behavioral and cognitive features of the illness.
Neuropsychopharmacology. 1995;13(2):151-168. https://doi.org/10.1016/0893-133X(95)00052-F

37. Wagner MJ, Luo L. Neocortex-cerebellum circuits for cognitive processing. Trends Neurosci.
2020;43(1):42-54. https://doi.org/10.1016/].tins.2019.11.002

38. D’Urso G, Toscano E, Sanges V, et al. Cerebellar transcranial direct current stimulation in children with
autism spectrum disorder: a pilot study on efficacy, feasibility, safety, and unexpected outcomes in tic disorder and
epilepsy. J Clin Med. 2021;11(1):143. https://doi.org/10.3390/jcm11010143

39. Sigurdsson HP, Jackson SR, Jolley L, et al. Alterations in cerebellar gray matter structure and
covariance networks in young people with Tourette syndrome. Cortex. 2020;126:1-15. https://doi.org/10.1016/j.
cortex.2019.12.022

40. Tobe RH, Bansal R, Xu D, et al. Cerebellar morphology in Tourette syndrome and obsessive-compulsive
disorder. Ann Neurol. 2010;67(4):479-487. https://doi.org/10.1002/ana.21918

41. Perrotta G. Maladaptive stress: theoretical, neurobiological and clinical profiles. Arch Depress Anxiety.
2021;7(1):1-7. https://doi.org/10.17352/2455-5460.000057

42. Liberati AS, Perrotta G. Neuroanatomical and functional correlates in tic disorders and Tourette’s
syndrome: A narrative review. /brain. 2024;10(4):439-449. https://doi.org/10.1002/ibra.12177

006 agmopax

HYPMATOBA /luiopom AdaycajiaMoBHA, KaHAWAAT MEIULMHCKUX HayK, JOLIEHT, 3aBeyIOIIUI OoTaese-
HHEM HEeBPOJIOTHH JIeTel cTapIiero Bo3pacra 1-0if ropoJcKkoit AeTcKoi KinHUYecKoi OonbHuIb!. TamkeHT, Y306e-
kuctad. ORCID: 0009-0002-7312-7750

JKYKOBA Haraabs ['puropbeBHa, JOKTOp MEIUIIMHCKUX HAyK, mpodeccop, mpodeccop Kapeapbl HEBpO-
norun u Heipoxupypruu @I'BOY BO «Cubupckuii rocynapcTBeHHBIH MEIMIMHCKUI YHUBEpCHTET». TOMCK,
Poccus. ORCID: 0000-0001-6547-6622, e-mail: znatali@yandex.ru

CAVM®OUTAVNHXYXKAEB 3aiinyTanaxyka @asIuIInaxyxKa yLIH, 1aGopaHT-HCcienoBaTens Kade-
JpaJIbHON Hay4HO-00pa3oBaTeIbHON J1a00paTOpuy KOTHUTHUBHOW HEHPO(QH3NONIOrHN NCHXOCOMATHYECKUX OT-
Howernit ®I'BOY BO «Cubupckuii rocyapcTBeHHBIH MEUIIMHCKHH yHUBepcUTeT». Tomck, Poccus. ORCID:
0009-0007-2184-2708, e-mail: sayfutdinxodjaev2002@gmail.com

Authors’ contribution
NURMATOVA, Dilorom Abdusalamovna, Cand. Sci. (Medicine), Associate Professor, Head of the
Department of Neurology of Older Children, City Children’s Clinical Hospital No. 1, Tashkent, Republic of
Uzbekistan, ORCID: 0009-0002-7312-7750



BECTHMK CEBEPO-BOCTOYHOI0 BEAEPANBHOIO YHUBEPCHTETA HMEHH M.K. AMMOCOBA

Cepua «MEAULUHUHCKHE HAVKMY, No 2 (43) 2026

ZHUKOVA, Natalia Grigorievna, Dr. Sci. (Medicine), Professor, Department of Neurology and
Neurosurgery, Siberian State Medical University. Tomsk, Russian Federation, ORCID: 0000-0001-6547-6622,
e-mail: znatali@yandex.ru

SAYFITDINKHUZHAYEY, Zaynutdinkhuzha Fazliddinkhuzha ugli, Research Assistant, Department
of Scientific and Educational Laboratory of Cognitive Neurophysiology of Psychosomatic Relationships,
Siberian State Medical University, Tomsk, Russian Federation, ORCID: 0009-0007-2184-2708, e-mail:
sayfutdinxodjaev2002@gmail.com

Bknao aemopos
HypmaroBa JI.A. — pa3paboTka KOHLEIINH, BepH(UKAINS JaHHBIX, IIPOBEICHUE MCCIICIOBAHNS, aMUHH-
CTPHUPOBAHKE MTPOEKTA.
Kykosa H.I'. — npoBeieHnE CTATHCTUYECKOTO aHAIN3a, PEIAKTHPOBAHNUE PYKOIIHCH, BU3YaIH3allHs.
Caiiputaunxy:xkaes 3.®. — mporpaMMHoe oOecreueHne, BepH(UKAlUs TaHHBIX, CO3JAHHE YEPHOBHKA
PYKOIIHCH.

Authors’ contribution
Nurmatova D.A. — conceptualization, validation, investigation, project administration.
Zhukova N.G. — formal analysis, writing — review & editing, visualization.
Sayfitdikhuzhaev Z.F. — software, validation, writing — original draft.

Kongnuxkm unmepecos
ABTOPBI 3asBISIFOT 00 OTCYTCTBHH KOH(MIIHKTA HHTEPECOB.

Conflict of interests
The authors declare no conflict of interest.

Iocmynuna 6 peoaxyuto / Submitted 12.03.2026

Ilocmynuna nocne peyenzupoeanus / Revised 10.06.2026
Ipunsama x nyéauxayuu / Accepted 19.06.2026



