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LononHutenbHas moTtopHas 0b6aacTb (JMO) — KOpTUKaNbHbIA PErvOH, PACMONOKEHHbIW HAa MeAMabHON MOBEPXHOCTM JI0BHOM 40N FONOBHOMO MO3-
ra, NOHOCTbIO HAXOAALMIICA B NPesenax MeXnonyLwapHOM Wear Mexay NepBUYHOM MOTOPHOM M NpedpoHTaNbHOM Kopol. JaHHasa obnacTb ABnseT-
CA HEOZHOPOAHbBIM MO CBOEW CTPYKTYPE M CBA3AM C APYrYMU OTAE/1aMM FOJIOBHOTO MO3ra PErMOHOM, U Ha OCHOBAHWUM STUX Pas/IMYMii B Hell OTAENIbHO
BbIAENAT NPEAAONONHUTENbHYI0 U COBCTBEHHO AOMNONHUTENBHYIO MOTOPHblE 061acTh. MHOTOYMUCIEHHbIE HEMPOHHbIE CBA3U C APYTMMU OTAena-
mu LUHC npegnonaratot yqactue MO B OCYLLECTBNIEHUN MHOTUX KOTHUTUBHDIX, @ HE TO/IbKO BbICLIMX MOTOPHbIX QYHKLIMIA, KaK cYMTanoch paHee. B
YacTHOCTH, B JOMUHAHTHOM noaywapuu AMO ocyluecTBnseT peyesyro GYHKLMIO NOCPeACTBOM N06HOMO KOCOro Nyyka — TpakTa 6enoro BelecTsa,
ceasbiBatowtero AMO c obnactbto bpoka. Mpy BO3HMKHOBEHWUM Pa3/IMYHbIX NATONOMMKA, 3aTparvsatowmx MO, a TakKe nocne HelpoXMpypruyecknx
MaHMNYNALMIA B 3TOW 061aCT MOTYT BO3HUKATb Pa3HOOBpasHble HEBPOIOTMYECKUE HAPYLLEHUA KaK ABUraTe/bHble, TaK U peyesble. [py nopaskeHum
JOMMHAHTHOTO NONYLLAPUA MOXKET BO3HUKHYTb cMHAPOM MO (akmHeTuyeckuit mytusm). B HacTosALem 0630pe NpefcTaBneHo onMcaHne aHaToMu-
YECKUX, LIUTOAPXUTEKTOHUYECKUX U GYHKLMOHANbHBIX ocobeHHocTel IMO, a Takke NogpobHO onucaHa KAMHUYECKas KapTUHA NOPaXKeHWA AaHHOTO
KOPTUKaNbHOTO PermoHa.
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SUPPLEMENTARY MOTOR AREA AND CLINICAL PICTURE OF ITS LESION
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The supplementary motor area (SMA) is a cortical region, that is located on the medial surface of the frontal lobe entirely within the interhemispheric
fissure between the primary motor cortex (PMC) and prefrontal cortex (PFC). This area is a heterogeneous region in its structure, as well as in its
connections with other parts of the brain; on the basis of these differences, the pre-SMA and SMA-proper regions are distinguished in it. Numerous
neural connections with other parts of the central nervous system (CNS) suggest the involvement of the SMA in many cognitive functions, and not only
in higher motor ones, as previously was thought. In particular, in the dominant hemisphere, the SMA performs the speech function through the frontal
oblique fascicle (FOF), a bundle of association fibers that connects the SMA with Broca's area. In the event of various pathologies affecting the SMA
and after neurosurgical manipulations in this area, a variety of neurological disorders can occur both motor and verbal. With the damage of this cortical
region in the dominant hemisphere, SMA syndrome (akinetic mutism) can occur. This paper provides a review of the anatomical, cytoarchitectonic, and
functional features of the SMA, as well as a detailed description of the clinical picture of the lesion of this cortical region.
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BBEAEHUE INTRODUCTION
UcTopuuyeckaa cnpaBKka Historical background
Brnepsble OTAMUMTENbHbIE aHATOMWMYECKME CBOWCTBA KOPTW- For the first time, the distinctive anatomical proper-

KanbHoOW 06nacTv, pacnonoXeHHON Ha MeAmanbHOW NoBepxHOCTM  ties of the cortical region located on the medial surface of the
nonywapwa Knepeay oT nepsuyHoi motopHoi kopbl (MMK), onucan  hemisphere anterior to the primary motor cortex (PMC) were
A. Kamn6enn 8 1905 r., a noaxe 3Tn AaHHble noateepann 8 1909  described by A. Campbell in 1905, and later these data were
r. K. BpoamaH, 0TAeNbHO BbIAENNB B COCTaBE BTOPUYHOM MOTOPHOM confirmed in 1909 by K. Brodman, distinguishing Field 6 in the
Kopbl (nonie 6) per1oH, pacnonoKeHHbIA Ha MeananbHON NOBEPXHO-  composition of the secondary motor cortex located on the medial
¢t no6Hoi gonm [1, 2]. surface of the frontal lobe [1, 2].
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CoBpeMeHHOe Ha3BaHWe — AONONHWUTENbHAas MOTOpPHas 06-
nactb (OAMO) — atomy pervioHy aan V. Mendung 8 1950 r., oH nep-
BbIM YETKO JI0KaNIM30BaN €€ Ha MeAunanbHON NOBEPXHOCTM 0OHOW
[L0NN YEeN0BEYECKOro MO3ra, ON1can HekoTopble eé GyHKLMK, a TaK-
e nocneonepaLoHHble CUMNTOMbI nopaxeHus [3-5]. Y. NeHduna
onucan pas/iMyHble PeaKLMM Ha MHTPAONEPALMOHHYIO CTUMYNALMIO
OMO y NauMeHToB, HAXOAALLMXCA B CO3HAHMKU (BOKAAM3aLUM, UHK-
LUMaLmMa pasinyHbIX ABUMKEHUM, OCTaHOBKA MW 3amMefJ/ieHne npo-
M3BO/IbHbIX ABUMKEHMWI, pa3nyHble BeretaTMsHble owlyweHus) [3].
Kpome Toro, Y, MeHdnng 3ameTun, 4To yaaneHue 3Toi obnactv B oa-
HOM MOAyLIApMK CONPOBOXKAAETCA NOCAEONEPALMOHHbIM 3aMese-
HUEM ABUXKEHWUI NPOTUBOMONOKHbBIX KOHEYHOCTEMN, OLHUM U3 nep-
BbIX ONMCan eé peyesyto GYHKLMIO, @ TaKXKe 0BHapYKUA, 4To Yepes
MecsL, Nocne yaaneHus 3ToM 30Hbl CTOMKOro eduumTa y naLmMeHToB
He oTmeuyaeTcs [3, 5].

Bnocneacteumn oTkpbiTHA Y. MeHdunga 6binm HEOLHOKPATHO
NOATBEPXKAEHDBI M AOMONHEHbI MHOTOUYMUCIEHHBIMW UCCNEL0BaHUSA-
MM ApYruX aBTOPOB [6, 7]. BblAK NONyYeHbl U CUCTEMATU3NPOBAHDI
pe3ynbTaTbl MHOTOYMCEHHbIX PAabOT Ha OCHOBE M3y4YeHMs Helpoa-
HaTOMMUKU MO3ra, 3NEKTPODU3NONOTNYECKUX UCCAEA0BAHNM, LaHHbIX
GYHKUMOHANbHOM HeMpOoBU3Yyann3aLUmm, a TakKe AaHbl MHOTOYMC-
NEHHble ONUCaHMA KAUHUYECKON KapTUHbI Y NALLMEHTOB C NOBPEXe-
Huem AMO [8-12]. B 1977 r. A. lannaH Bnepsble NogpobHo onucan
«CneumPuuecKknit MOTOPHbIA CUHAPOMY» NPKU NopaxkeHnn AMO [12].
OTHOCUTeNbHO HegasHo (2010 r.) Bnepsble OblM ONMCaHbl accoLM-
aTMBHble BOMIOKHA, coeauHaowme AMO ¢ onepKyaspHO YacTbio
HUKHel N06HOIN M3BMAKHLI (H/TN) 1 obecneunBatowme A3bIKOBYHO
¢dyHKumMio AMO [13].

AHaTOMMA U LUTOAPXUTEKTOHUKA MO

[OMO pacnonoeHa B 3aHeN TPETU BEPXHeW I0OHOM U3BUUHDI
(B/11), Hag nosacHoM n3BuAnHoI (MN), KNepean OT MOTOPHOrO Npea-
CTaBUTE/IbCTBA HUMKHEN KoHeuHocTH B [TMK 1 k3aam oT npedpoHTanb-
Hol Kopbl (M®K), nonHocTblo pacnonarascb B NpeAenax Mexnony-
WapHoit wenw [14-16]. MpaHuubl AMO 0603HaueHbl Ha puc. 1.

MO He aBNfEeTCA NO CBOEW CTPYKTYpe U GYHKLUM MOHONWT-
HbIM PErMoHom: 6b110 0BHAPYKEHO, YTO MOTOpPHbIE OTBETHI Nlerye
NONYYUTb NPU NPAMOI KOPTUKANbHOW CTUMYAALMMN 33 HUX OTAEN0B
MO, yem nepegHux, UCNONL3YA NPU 3TOM ropa3go bonee HU3KKeE
3Ha4yeHWA cunbl Toka [17]. Mo3aHee ¢ UCMONb30BAaHUEM LUTOAPXM-
TEKTOHMYECKMUX U YHKLIMOHANbHBIX HEMPOBM3YasM3ALMOHHBIX MUC-
cneposaHuii bonee TouHO bblM onpeaeneHbl cybperoHsl AMO:
cobcteeHHO MO 1 pacnonoxeHHas Knepegy oT Heé npeanonon-
HUTeNbHaA MOTOpHasa obnactb (npeadMO) [16-18]. YcnosHan rpa-
HULA Mexay ABYMA cybpernoHammn obo3HayeHa Ha puc. 2 [19].

CneayeT OTMETUTb, YTO Ha OCHOBAHWM HEMPOHHBIX CBA3eM pas-
NNYHbIX YyacTen AMO ¢ apyrumu otaenamu ronoBHoro mosra (FM)
6b110 NOKA3aHO, YTO MeXAy cybpermoHamu OTCyTCTBYeT YETKaA rpa-
HMLa, M Yalle HabnogaeTca nepekpbiTUe HEMPOHHBbIX Moaynel [20,
21].

C oaHOW CTOPOHbI, aHaNW3 LUTOAPXUTEKTOHUYECKUX AaHHbIX
nokasbiaet, 4to MO He MMeeT YHMKaNbHbIX WHAMBUAYaNbHbIX
0COBEHHOCTEN UK HEU3MEHHbIX MAaKPOCKOMMUYECKUX YepT U OT/u-
YAETCA OT COCELHMUX YHACTKOB KOPbI TO/IbKO B OTHOCUTE/IbHOM BbIpa-
eHuu. MNaoxo onpegeneHbl rpaHuLbl Mexay cybpernoHamu AMO
— C HUMW COMOCTaBUMbl Pa3IMUNA HENOCPEACTBEHHO BHYTPU CaMMX
cybpernoHos [22]. KapTbl skcnpeccun peLenTopoB NOKasbIBaoT, YTO
CTPYKTYpHble pasnunuuna BHyTpu IMO HenpepblBHbI, @ HEe AUCKPETHbI
[23, 24]. Mony4yeHHble AaHHbIE NOATBEPKAAIOT, YTO BMECTO AUCKPET-
HbIx cybpermoHos 8 MO cyLiecTByeT pOCTPOKYAAbHbINA KOHTUHYYM
rpagyMpoBaHHOrO U3MEHEHUA CTPYKTYpPbI M GyHKLMK [19, 25].

The modern name, supplementary motor area (SMA), was
given to this region by W. Penfield in 1950; he was the first to
clearly localize it on the medial surface of the frontal lobe of the
human brain and describe some of its functions, as well as post-
operative symptoms of the lesion [3-5]. W. Penfield described
various reactions to intraoperative SMA stimulation in conscious
patients (vocalizations, initiation of various movements, stopping
or slowing down of voluntary movements, and various autonomic
sensations) [3]. In addition, W. Penfield noticed that the removal
of this area in one hemisphere is accompanied by a postopera-
tive slowdown in the movements of the contralateral limbs, he
was one of the first to describe its speech function and find that
a month after the removal of this area, there was no persistent
neurological deficit in operated patients [3, 5].

Subsequently, the discoveries of W. Penfield were repeat-
edly confirmed and supplemented by numerous studies of other
authors [6, 7]. The results of numerous works were obtained and
systematized based on the study of brain anatomy, electrophys-
iological studies, functional neuroimaging data, and numerous
descriptions of the clinical picture in patients with SMA damage
were provided [8-12]. In 1977, D. Laplan was the first to describe
in detail the “specific motor syndrome” in case of damage to the
SMA [12]. Relatively recently (2010), association fibers were first
described that connect the SMA with the opercular part of the
inferior frontal gyrus (IFG) and support the language function of
the SMA [13].

Anatomy and cytoarchitectonics of SMA

The SMA is located in the posterior third of the superior
frontal gyrus (SFG) above the cingulate gyrus (CG) anterior to the
motor representation of the lower limb in the PMA and poste-
rior to the PFC, located completely within the interhemispheric
fissure [14-16]. The boundaries of the SMA are marked in Fig. 1.

Puc. 1 AHamomuueckue epaHuysl AMO: SMA — MO, CG — noAcHaa
ussunuHa, PC — npegppoHmansHas Kopa, PG — npeueHmpansbHas us-
BUMUHA, HEAMbIM Ugemom 0603Ha4eHa noAcHaA 6opo30a, KpacHeim
— npeuyeHmpaneHas 60po30a, 3enéHbiM —8epxHuUll Kpali Mexcnonywap-
Holl wienu, opaHMcesbIM — yCI08HAA AUHUA HO 5 CM Knepedu om npe-
yeHmpaneHol 60po30bi

Fig. 1 Anatomical boundaries of the SMA: CG — cingulate gyrus, PC —
prefrontal cortex, PG — precentral gyrus; cingulate sulcus is indicated
in yellow, precentral sulcus in red, upper edge of the interhemispheric
fissure in green, orange —imaginary line 5 cm anterior to the precentral
sulcus
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C Apyroii CTOPOHbI, MPOAO/MKAIOT NOABAATLCA UCCNEA0BAHNA,
NOATBEPKAAOLWME MUKPOCTPYKTYPHYIO reTeporeHHOCTb PeruoHoB
OMO [16]. Bblno nokasaHo, 4to cobctBeHHO MO xapaKTepusosa-
Nlacb NIOXO 3aMETHOM CMOMCTOCTbIO M 6ObLUIMMU MUPAMUAHBIMK
KNeTkamm B HuKHeW yactu Il cnos, a Takxe OTCYTCTBUEM K/ETOK
Beua B V cnoe. NpeaMO otanyanacb TEMHbIM V CIOEM, KOTOPbI
Xopowo oTrpaHnymeanca ot cnoes Il u VI. Choi Il 6bin ABHO MeHb-
we B npeaMO, yem B cobctBeHHO AMO. 3K pa3nnums bbiam oTpa-
JKeHbl B pasHuLLe Npodunen Kaxaon 06nactv No MHAEKCY CEPOro Be-
LecTsa, ¢ 60/1ee BbICOKMMM €ro 3HAUYEHUAMM B HUNKHEW YacTu cos
Il cobetBeHHO MO, 4To NO3BONMAO MAEHTUPULMPOBATD FPAHULY
MeXay cybpermoHamu ¢ MOMOLLbIO He3aBUCUMOW OT HabntopaTtens
KOMIMYeCTBEHHOW npoueaypbl [16].

HelipoHHble cBa3n MO

AMO unmeeT 60/1blIOE KOMMYECTBO CBA3EMN C Pa3/IMYHbIMU OT-
aenamu TM: Kak ¢ ApyrMMK OTAENaMK KOpbl, TaK U C Tanamycom,
6a3a/bHbIMU raHmUAMM (B7), MO3)KEUKOM U HaNPAMYIO C MOTOHEN-
POHamu CNMHHOrO mo3ra [14, 21, 26, 27]. AMO saBnaeTca ogHOM U3
BaXKHEMWMX 061acTell KOOPAMHALMM PA3/IMYHBIX MOTOPHbIX LEeH-
Tpos [28].

Kak n3BecTHo, B 6es10m Belectse TM ecTb TPU TUMA BOIOKOH:
NPOEKLMOHHbIE, KOMUCCYpaibHble U accoLMaTUBHble; NocnefHue
B CBOKO OYepesb AeNATCA Ha KOpPOoTKUe U AsinHHble [29]. BonoKHa,
ceasbiBatowme AMO ¢ gpyrumu otaenamm I'M, MOXHO Knaccuouum-
pOoBaTb MO TaKOMY e npuHumny (1abn. 1):

®  KOPOTKME acCOoLMaTUBHbIE BOMIOKHA, NPOXoAALLMe B Npe-
LLeHTPaNIbHOW M NosicHOM 6opo3aax;

®  [/MHHblE acCOLMATMBHbIE BONOKHA, BKOYalOLWMe B ceba
BEPXHWUIM NPOAO/bHBIN MYYOK, NOACHON NY4YOK M JI0OHbIN
Kocow ny4ok (JIKM);

®  MHOrOYUCNEHHblE MPOEKLMOHHbIE BONOKHA, COEAMHSA-
towme AMO c nonocatbim TeNOM, Orpasoi, Tanamycom,
MO3}KEYKOM, a TaKKe KOPTUKOCMMHA/IbHbIE BOMIOKHA;

*  MO30AUCTble KOMUCCYPaNbHbIE BONOKHA [14].

B KayecTBe NOATBEPKAEHUA AHATOMUYECKOTO PA3/IMUUA MEXK-
ay aAsyma cybpermoHamu MO onpeaeneHbl OTAENbHbIE KnacTepsbl
HelpOHOB, CBA3aHHble C pa3nyHbiMK otaenamu M [30]. Hanpu-
mep, npegdMO npenmyLLeCTBEHHO CBA3aHa C XBOCTATbIM ALPOM,
CKOpAYynoW, nepegHvmu sagpamu Tanamyca, ¢ NOK, HAW, BAW,
YINOBOM M3BWUAMHOM, NepeaHel YacTbto MU 1 0CTPOBKOM, TOrZa Kak
cobcteeHHo AMO — ¢ MMK, BeHTponaTepanbHbIM S4POM Tanamyca,
NPeMOTOpPHON, OPBUTOPPOHTANbHON, COMATOCEHCOPHON KopoW,
cpegHeint vacTbio MK, a Takxke ¢ HAN [31, 32].
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Puc. 2 YcnosHas epaHuya mexdy 0syma cybpeauoHamu AMO — nps-
Mas, NPOBEOEHHAA Yepes NepedHHO KOMUCCYPY U NepneHOUKyA[pHAs
AUHUU Mex0y nepedHel u 3a0Hell komuccypamu (SMA-proper — cob-
cmeeHHo MO, preSMA — nped/IMO; KpacHsim ugemom 0603Ha4eHa
300HAA KOMUCCYPQ, 3e/1EHbIM — NepeoHss)

Fig. 2 The conditional boundary between two subregions of the SMA is a
straight line drawn through the anterior commissure and perpendicular
to the line between the anterior and posterior commissures (the
posterior commissure is marked in red, the anterior commissure is
shown green)

The SMA is not a monolithic region in its structure and func-
tion: it was found that motor responses are easier to obtain with
direct cortical stimulation of the posterior regions of the SMA
than the anterior regions, using much lower current values [17].
Later, using cytoarchitectonic and functional neuroimaging stud-
ies, subregions of the SMA were more accurately defined: the
SMA proper and the pre-supplementary motor area (preSMA) lo-
cated anterior to it [16-18]. The conditional border between the
two subregions is indicated in Fig. 2 [19].

It should be noted that, based on the neural connections of
different parts of the SMA with other parts of the brain, it was
shown that there was no clear boundary between the subregions,
and overlap of neural modules is more often observed [20, 21].

On the one hand, the analysis of cytoarchitectonic data
shows that the SMA does not have unique individual features or
unchanged macroscopic features and differs from neighboring ar-
eas of the cortex only in relative terms. The boundaries between
the subregions of the SMA are poorly defined; the differences
directly within the subregions themselves are comparable with
them [22]. Receptor expression maps show that structural dif-
ferences within the SMA are continuous rather than discrete [23,
24]. The obtained data confirm that instead of discrete subre-
gions in the SMA, there is a rostrocaudal continuation of graded
changes in structure and function [19, 25].

On the other hand, studies continue to appear that confirm
the microstructural heterogeneity of SMA regions [16]. It was
shown that SMA itself was characterized by poorly visible layer-
ing and large pyramidal cells in the lower part of layer Ill, as well
as the absence of Betz cells in layer V. PreSMA was distinguished
by a dark layer V, which was well demarcated from layers Ill and
VI. Layer Ill was clearly smaller in the pre-SMA than in the SMA
proper. These differences were reflected in the difference in the
profiles of each region in terms of the gray matter index, with
its higher values in the lower part of layer Il of the SMA prop-
er, which made it possible to identify the boundary between the
subregions using an observer-independent quantitative proce-
dure [16].

Neural connections of the SMA

SMA has a large number of connections with various parts of
the brain: both with other parts of the cortex, and with the thala-
mus, basal ganglia (BG), cerebellum, and directly with motor neu-
rons of the spinal cord [14, 21, 26, 27]. SMA is one of the most
important areas of coordination of various motor centers [28].

As is known, there are three types of fibers in the white
matter of the brain: projection, commissural, and associative;
the latter, in turn, are divided into short and long [29]. Fibers that
connect SMA with other parts of the brain can be classified ac-
cording to the same principle (Table 1):
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BonokHa ot orpaabl K Kope M pacnpeaenatotca mexay npea-
OMO v TemeHHOW fonel M UrpatoT posb B MHTETPALMM MOTOPHbIX,
A3bIKOBbIX ¥ IMMBUYECcKMX GyHKUMM MO [33]. BonokHa, cBA3bIBa-
owme npeaJMO c nonocaTbim TeNOM, UMEHYHOTCA GPOHTOCTPMAp-
HbIMM BONIOKHaMK [33, 34]. Takke umeeTcs ANMHHAA acCoLMaTUBHAA
CBA3b MeXAYy BepxHein TemMeHHoW Jonbkoh M MO nocpesctsom
BEPXHEro NPOAONbHOrO MyYKa; 3TOT TPAKT y4acTByeT B MHMLMALUMK
JBUraTeNbHOM akTMBHOCTYH [29, 35].

3a4HAA M NepesHAA YacT OCTPOBKA CBA3aHbI C 06onmu cybpe-
rmoHamu MO, 4T0, BO3MOKHO, YKa3blBaeT Ha €€ yyacTune B perynsa-
MM TaKUX CNOXKHBIX GYHKLMIN OCTPOBKA, KaK MY/NbTUCEHCOPHAA WH-
Terpaums, socnpuatve 60u, oTBpaLLeHve, GOpMUPOBaHME Lieneit
BO BPems NPUHATMA pelleHuin n camopednekcusa [36, 37]. Xopowo
OnuCaHbl €BA3M 06OMX CYBPEroHOB C cybTanammMyeckum AApOM
(CTA) [38].

HeKkoTopble uccnefoBaHMA Mokasanu, yto cobecteeHHo AMO
BHOCUT NPAMOW BKNaZ B 06pa3oBaHne KOPTUKOCIUHANIBHOTO TPaKTa:
B HEei HaxoauTca npumepHo 10% Bcex HEMPOHOB, OT KOTOPbIX HAYK-
HaeTca 3ToT TpakT [34, 39].

B otmume ot cobetBeHHo AMO, npeaMO He umeeT peuu-
NPOKHbIX cBaAsei ¢ MMK, 3aTo npoeuupyoTca B AOpconaTepanb-
Hyto M®K, 4To Xx0poLwo KoppennpyeT C TemM NPesnoNoKeHNeM, 4To
cobctBeHHO MO umeeT 6onee «MOTOPHYIO» QYHKLMIO, TOrAa Kak
npeaJMO ocyuwectenaet 6onee BbiClINE, KOTHUTUBHbIE NPOLLECCHI
[21, 40, 41].

NKN npepncTasnseT coboit accouMaTMBHbIN TPAKT, COEANHAD-
wuii AMO c 3agHeit TpeTbio HTU (0bnactbto Bpoka); AaHHbIN TPaKT
Hanbonee pasBUT B AOMMHAHTHOM MOAYLIAPUM, TaK KaK yyacTByeT
B OCYLLECTBNEeHWUM peyeBol yHKumK [34, 42-45]. Torga Kak B Ao-
MWHAHTHOM nonywapuu JIKI oTBeyaeT 33 MHMLUMALMIO peun n eé
CKOPOCTb, B HEJOMUHAHTHOM OH 33€eiCTBOBaH B PpyHKLMU paboyeit
namaTtv [46, 47].

®yHKkuuM AMO

OMO sBnsetca MynbTUOYHKLUMOHANbHBIM PETVOHOM, a He
NPOCTO BbICLUIMM MOTOPHbIM LIEHTPOM, KaK CYMTaNoCb paHee. bbina
obHapyKeHa Koppenauna eé aKTMBHOCTM He TO/IbKO C MOTOPHbIMMU,
HO ¥ C KOTHUTUBHbIMM, SMOLMOHANBHBIMU U NEePLENTUBHBIMU GYHK-
unamu [48, 49]. HepaBHo onucaHHbii JIKM noaTsepann Hannume y
OMO 1 a3bIKoBOW GYHKUMM [46].

Tabnauya 1 HelipoHHsle ceasu cybpeauoHos AMO

e short association fibers running in the precentral and
cingulate sulci;

e long association fibers, including the superior longi-
tudinal fascicle, cingulate fascicle, and frontal oblique
fascicle (FOF);

e numerous projection fibers connecting the SMA to the
corpus striatum, claustrum, thalamus, cerebellum, and
corticospinal fibers;

e corpus callosum commissural fibers [14].

As confirmation of the anatomical difference between the
two subregions of the SMA, individual clusters of neurons associ-
ated with different parts of the brain were identified [30]. For ex-
ample, the preSMA is predominantly associated with the caudate
nucleus, putamen, anterior thalamic nuclei, the PFC, IFG, SFG, the
angular gyrus, the anterior part of the CG, and the insula, while
the SMA proper is associated with the PMC, the ventrolateral tha-
lamic nucleus, the premotor, orbitofrontal, somatosensory cor-
tex, the middle part of CG, as well as with IFG [31, 32].

Fibers from the claustrum to the cerebral cortex are distrib-
uted between the preSMA and the parietal lobe and play a role
in the integration of motor, language, and limbic functions of the
SMA [33]. The fibers that connect preSMA with the corpus stri-
atum are called frontostriate fibers [33-34]. There is also a long
associative connection between the superior parietal lobule and
the SMA through the superior longitudinal bundle; this tract is in-
volved in the initiation of motor activity [29, 35].

The posterior and anterior parts of the insula are associated
with both subregions of the SMA, which may indicate its involve-
ment in the regulation of complex insular functions such as mul-
tisensory integration, pain perception, aversion, goal formation
during decision-making, and self-reflection [36, 37]. The connec-
tions of both subregions with the subthalamic nucleus (STN) are
well described [38].

Some studies have shown that the SMA itself makes a di-
rect contribution to the formation of the corticospinal tract: it
contains approximately 10% of all neurons from which this tract
originates [34, 39].

Unlike the SMA itself, the preSMA does not have reciprocal
connections with the PMC, but they are projected into the dor-

Tun BONOKOH

MpoeKunoHHbIe KomuccypanbHble

K/1ayCTPOKOPTUKabHbIE
BOJIOKHa [32]
dpoHTOCTPUApPHbIE BOMOKHA
[33, 34]

K nepegHnm 4actam
Tanamyca [31]

Cy6pernoH MO
KopoTKue accoymatueHble [OAunHHbIe accounaTUBHbIE
K nepegHei 4acTu noscHoOm
1M3BUAKHbI[30, 31] K yrnosoi ussunaute [30, 31]
MpealIMO K npedpoHTanbHoM Kope [14,
30, 31]
K CpegHei 4acTu NoAcHom o
K opbuTOodpOHTaNbHOM KOpe
Cobcraentio K ne 2;‘3:’;;“;'()5_3;0/:’01; Kope [30, 31]
AMO P [14, 30 3f] P K COMaTOCEHCOPHOW Kope
o~ [30, 31]

O6a cybpernoHa

K NnpemoTopHoW Kope [30, 31]

K KOHBEKCUTA/IbHOW
NOBEPXHOCTU BEpPXHEW N0OHON
n3suaAuHbI [30, 31]

K OCTPOBKY [36]
BEPXHWUIN MPOAO/bHbIN NMYy4YOK
[29, 34, 35]
NOsICHOM My4okK [34]
NI06HbIN Kocol ny4ok [13, 45]

KOPTUKOCMMHANbHbIV TPAKT
[34, 39]
K CpeAHMM YacTAM Tanamyca
[31]

K cybTanamuyeckomy aapy
[38]
K MO3}KeuKy [27]

K NPOTMBOMOIONK-
Hoi MO [14, 34]

97



Alekseev IM et al Supplementary motor area

AVICENNA BULLETIN
Vol 25 * No 1 % 2023

Table 1 Neural connections of subregions of SMA

Fiber type
Short associative Long associative Projection Commissural
t?:i;heuTaTeerlorrqu)T;tOo;tlk]‘e to the angular gyrus [30, 31] ARIBUEERT ] (e £
PreSMA g &Y ¢ g &y ! frontostriate fibers [33, 34]
to the prefrontal cortex [14, 30, .
31] to the anterior thalamus [31]
to.the midde part of the to the orbitofrontal cortex . .
cingulate gyrus [30, 31] corticospinal tract [34, 39]
. [30, 31] R .
SMA proper to the primary motor cortex [14, to the somatosensory cortex to the middle parts of the to opposite
30,31] 30, 31) y thalamus [31] SMA [14, 34]

to the premotor cortex [30, 31]

to the insula [36]

to the convex surface of the

ECUETIENE superior frontal gyrus [30, 31]

superior longitudinal fascicle
[29, 34, 35]
cingulate fascicle [34]

to the subthalamic nucleus [38]
to the cerebellum [27]

frontal oblique fascicle [13, 45]

Honroe Bpema AMO cunTanacb cyry6o «MOTOPHbIMY» pPerno-
HOM: cnocobcTBoBanun aTomy M nokanusauua AMO s6aunsn NMMK u
NPEMOTOPHOM KOpPbl, 1 MHOFOYMUCNEHHbIE ONUCAHMA ABUTaTeNbHbIX
0TBETOB Ha cTumynauuio IMO, n Hannume auratenbHoro gepuumTa
Y NaLMEHTOB C NoparkeHnem 3toi 30Hbl [15, 50]. AMO yyacTteyeT B
TaKMUX MPOLECCaX, KaK OpraHu3aLLMa Nocaea0BaTe/IbHbIX U CKOOPAM-
HWPOBAHHbIX ABUXEHW, NOATOTOBKA K ABUraTeNIbHbIM aKTaM, UHMU-
6uposaHMe moTopHoro oteeTa [51-53]. Bo MHOrMX UccnegoBaHuUsAX B
OMO 6b1n1 06HapyKeH MeaNeHHOPACTYLWMIA HEraTUBHBINA NOTEHLM-
an, U3BECTHbIN KaK «MOTEHLMAN FOTOBHOCTW, NOABAAIOLMIACA elé
[0 TOro, Kak npousonget asukerune [10]. MocnegHsas dasa aToro
noteHuuana Gonblie, KOrga OHAa MpefLIecTByeT CamMoOCTOATEb-
HO-MHULMWPOBAHHBIM ABUXKEHUAM, YEM KOFAa OHa MpeaLecTsyeT
ABUXKEHUAM, MHULMMPOBAHHbIM M3BHE. CTOUT OTMETUTb, YTO 3TOT
NOTEHLMAN 3HAUYUTENIbHO MEHEE BbIPAXKEH Y MAaLMUEHTOB ¢ 60/1e3Hbi0
MapKkuHcoHa (BN) [54].

AMO TaKKe aKTUBMpYeTCs, Koraa CyObekT npocTo Habaoaaet
32 06bEKTAMM B 30HE MX JOCATAEMOCTU axe 6e3 3ambic/la CXBaTUTb
nx [55]. B 3TOM CMTyaLMM HET reHepaunm ABUMKEHMSA, HO BHELHWUI
0OBEKT MOXKET KOCBEHHO aKTUBMPOBATb BHYTPEHHWIA MIaH ABUXKe-
HWM, YTO NEXKNUT B OCHOBE PpEeHOMEHa «0bbeKTa LOCTYNHOCTM» — 06-
NeryeHns/ycKopeHma noBeAeHYEeCcKUX peakumii Ha 06beKT.

Bbino nokasaHo, yto MO wurpaet Kno4eByro poab B MOTOpP-
HOM 06y4YeHMU, NNaHUPOBAHUM, OBHOBNEHWUM U CO34aHUM NOCNELO-
BaTe/IbHOCTEN ABUNKeHUN [17, 56-58]. Takke oTmeyeHa ponb MO
B 06y4eHUM NtobbIM NOCNeA0BaTENbHOCTAM, HE3aBUCMMO OT NPUPO-
Zbl CAMUX 3/IEMEHTOB NocefosatenbHocTen [59-61]. HecomHeHHa
ponb AMO B KOTHUTUBHOM KOHTPOJIE, B TOPMONKEHWUMN peakLuii unm
nepekaloyeHnm 3agad [62].

Bknag AMO B npouecchl anddepeHumaLmmn BpemeHHbIX npo-
MeXKYTKOB NMPUBNEK B NOCNEAHME FOA4bl MHOTO BHUMaHWSA, MOCKO/bKY
AMO, no-suaMMOMY, OCYLLECTBASET OCHOBHOM MEXaHM3M BOCNpUA-
™A BpemeHu (TalimuHr) [63-66]. [Ba HegaBHUX MeTa-aHa/u3a no-
Ka3asv nocnefoBaTesibHyo akTBaumto MO B pasnnyHbIxX 3agadax
Ha BPeMeHHble AMana3oHbl, NoaTeepAmMBs rmnoTesy, 4to AMO urpaet
abCTPaKTHYIO PO/Ib B CO3A4aHUN NPEACTaBAeHUs BpeMeHu [64, 67].

OMO wurpaeT ponb B MPOCTPAHCTBEHHOM opueHTauun [68].
Bblno 06HapyeHo, 4To akTMBauma MO cBA3aHa ¢ Yyucnosoi obpa-
60TKOW [69]. BoNbLLIOE KONMYECTBO UCCNEA0BaHMUI BbIABUIO BKAAL
[AMO B npoueccax OCyLLECTBAEHUA MaTEMATUYECKUX, BbIYUCIUTEND-
HbIx onepauuii [70, 71].
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solateral PFC, which correlates well with the assumption that the
SMA proper has a more “motor” function, while the preSMA con-
trols higher, cognitive processes [21, 40, 41].

The FOF is an associative tract that connects the SMA with
the posterior third of the IFG (Broca's area); this tract is most
developed in the dominant hemisphere, as it is involved in the
implementation of the speech function [34, 42-45]. While in the
dominant hemisphere the FOF is responsible for the initiation of
speech and its speed, in the non-dominant hemisphere it is in-
volved in the working memory function [46, 47].

SMA functions

SMA is a multifunctional region, and not just a higher mo-
tor center, as previously was thought. Its activity was found to
correlate not only with motor, but also with cognitive, emotional,
and perceptual functions [48, 49]. The recently described FOF con-
firmed the presence of a language function in SMA as well [46].

For a long time, the SMA was considered a purely “motor”
region: this was facilitated by the localization of the SMA near the
PMC and the premotor cortex, numerous descriptions of motor
responses to SMA stimulation, and the presence of a motor defi-
cit in patients with damage to this zone [15, 50]. SMA is involved
in such processes as the organization of sequential and coordi-
nated movements, preparation for motor acts, and inhibition of
motor response [51-53]. In many studies, a slow-growing nega-
tive potential, known as “readiness potential”, has been found in
SMA, arising even before movement occurs [10]. The last phase
of this potential is greater when it precedes self-initiated move-
ments than when it precedes externally initiated movements. It
should be noted that this potential is much less pronounced in
patients with Parkinson's disease (PD) [54].

SMA is also activated when a person simply observes ob-
jects within its reach without even intending to grab them [55].
In this situation, there is no movement generation, but the exter-
nal object can indirectly activate the internal plan of movements,
which underlies the phenomenon of the “accessibility object” —
facilitating/accelerating behavioral reactions to the object.

SMA has been shown to play a key role in motor learning,
planning, updating, and creating sequences of movements [17,
56-58]. The role of SMA in learning any sequences, regardless of



Anexcees VIM c coasm. ,Z],OHOAHI/ITEAI)Haﬂ MOTOpPHasI o0aacTh

BECTHMK ABUMILIEHHEI
Tom 25 * No 1 %2023

JocroBepHo pokasaHa aktmeauma MO npu ocyLiecTBaeHUn
My3blKa/IbHbIX Mpoueayp (co3aaHWe, NPoOCAyLIMBAHUE My3bIKM, MbIC-
NIleHHOe NpeACTaBNeHne My3blKaibHbIX 06pasos M MMMNPOBM3aLMS)
[72-74]. B uccnesoBaHuAX, NOCBALEHHbIX U3YYEHWIO aKTVUBALMM MO3Ta
Y My3bIKaHTOB, AeNCTBUTENBHO BblN0 06HapYeHo, uto MO ogHoBpe-
MEHHO aKTVUBMPYETCA 1 BO BPEMA NPOCNYLIMBAHWA My3bIKK, U BO BpeMA
eé BocnpousseaeHus [75]. CxogHas aktmBHocTb B IMO 6bina Takxke
NPOAEMOHCTPUPOBAHA NPY BOCNPOU3BEAEHUM My3bIKM Ha E33BY4YHOM
KNaBMaType 1 Npu NpeaCcTaBAeHNM My3blKanbHbIX 00pasos [74].

B Tpéx meTa-aHanu3ax 6bi10 coobuieHo 06 akTueaummn AMO Bo
BCEX UCCNEA0BAHMAX, HANPaBAEHHbIX Ha U3yYEHWUE HEMPOHHbIX Me-
XaHM3MOB paboyeii namaTtv [76, 77]. B 601bLIOM KONMYeCTBe Uccae-
[0BaHWM coobLwanock o cteneHu aktmeauum AMO B 3aBUCMMOCTM
OT Harpysku Ha pabouyto namaTb [76, 78].

OMO yyacTeyeT B npoLeccax MHULMALUK U KOHTPONA peuu, B
NepeKkNtoYeHNM A3bIKOBbIX 3aaa4 [79]. CyLLecTBYIOT AaHHbIE, YKa3blBa-
IOLLME, YTO BbINONHEHME TaKMX A3bIKOBbIX 3344, Kak YCTPaHeHe Nek-
CUYeCcKoi HEOAHO3HAYHOCTY, OTCNEXMBAHWNE U NOAABNEHNE PeyeBbIX
OWMBOK, cBA3aHO ¢ akTuBaumel npeaaMO [79]. CobetBeHHO AMO B
coyeTaHuu ¢ Bl M MO3KeUKOM yHacTBYeT B MHULMALMM U MPOLIECCUHTe
peuu [80]. MNpotue rosops, npeaMO cBs3aHa C A3bIKOBOM (CEMaHTK-
YecKu-nparmaTMyeckue acnekTol), a cobecteeHHo IMO — ¢ peyeBoit
(apTHKRYNALMOHHO-DOHONOrMYECKME acneKTbl) GyHKUmen. ObHapy:Ke-
Ho, yTo NpeaJIMO yyacTByeT B OpraHM3aLuy NocaefoBaTeNbHOCTeN
peyeBoro matepumana (Cn1oros, cnos, npeanokeHui) [81].

KakeTca Hambonee BepoATHbIM, YTO 06wasn yHKums AMO —
OpraHM3aLmMa 3N1eMeEHTOB Pa3NNYHbIX NOCNef0BaTeNbHOCTel bonee
HW3KOro MopsfKa B CTPYKTYpbl 6onee BbICOKOrO MopsazKa Hesasw-
CMMO OT MPUPOAbI CAMUX INEMEHTOB (ABUMKEHMSA, YUCNA, MY3bIKA,
cnosa u 1.4.) [82]. OgHako HeobxoaMMO AasbHellwee UccnefoBa-
HUe GYHKLMM 3TOrO PErMOHa, @ TaKKe U3ydeHUe HEMPOHHbIX Mexa-
HW3MOB, OTBETCTBEHHBIX 33 €€ ocyluecTBaeHne. CTPyKTypMpoBaHHas
MHbOPMaLMA O GYHKLMOHANbHBIX pasnnumax cybpermoHos MO
npencTasneHa B Tabn. 2.

KnnHuuyeckana kapTuHa nopaxkeHua MO

Cpeam Bcex natonormit B8 MO Hambonee 4acto BCTpeyakoTca
onyxonu (0CO6EHHO IMMOMbI HU3KOW CTEMEHM 3/10KaY€CTBEHHOCTH) U
3NMNeNnTOreHHble 0Yaru, HO TaKKe ONMUCbIBAKOTCA apTePUOBEHO3HbIE
ManbGOpPMaLMM 1 oyarm OCTPOro HapyLeHUA MO3rOBOro KpPoBOO-
6paleHuns [83, 84]. YacToTa pasBUTUA M30/IMPOBAHHOIO MHCY/bTA
8 IMO KpaltHe peAKa — ONUCLIBAOTCA LWL €AUHUYHbBIE KNNHWUYe-
CKue HabnaeHus [85].

Tabauya 2 OyHKUUOHAbHbIE pa3nuyus cybpeauoHos AMO

DYHKUMUA
Mpea MO
YyacTyeT B 60/1ee BbICOKMX NPOLLeccax ABUraTeNbHOro
MoTopHas Y 4 pou A
naaHuposaHus [15, 56]
A3bIKOBas CEeMaHTUYECKU-MparmaTMyeckune acnekTbl peun [79, 81]

ObyueHue, paboyas
namsaTb

KOrHUTUBHbIN KOHTPONb
nepekntoyeHune 3agay [15]

My3bikanbHasA 06pasos [72-75]
Bocnpuatue sBpemerun
(TaimuHr)

HayasibHble Npouecchbl 06y4eHUs — oby4yeHne HOBbIM
nocnefoBaTeIbHOCTAM, UX KoaupoBaHue [59, 60, 77]

TOPMO’KEHME 3aMIaHMPOBaHHbIX PeaKLuii,

My3blKa/ibHOE BOOBpasKeHWe, CO34aHNE MY3bIKabHbIX

TaMWHT NocneaoBaTelbHOCTEN cobbITUM [65]

the nature of the sequence elements themselves, has also been
noted [59-61]. The role of SMA in cognitive control, response in-
hibition, or task switching is undoubted [62].

The contribution of the SMA to the processes of differen-
tiation of time intervals has attracted a lot of attention in recent
years, since the SMA, apparently, implements the main mecha-
nism of time perception (timing) [63-66]. Two recent meta-analy-
ses have shown sequential activation of the SMA in various time
domain tasks, supporting the hypothesis that the SMA plays an
abstract role in generating representation for time [64, 67].

SMA plays a role in spatial orientation [68]. SMA activa-
tion was found to be associated with numerical processing [69].
A large number of studies have revealed the contribution of the
SMA in the implementation of mathematical and computational
operations [70, 71].

The activation of SMA during the implementation of musical
procedures (creation, listening to music, mental representation
of musical images and improvisation) has been reliably proven
[72-74]. In studies on brain activation in musicians, it was indeed
found that SMA is simultaneously activated both during listening
to music and during its playback [75]. Similar activity in SMA has
also been demonstrated when playing music on a silent keyboard
and when presenting musical images [74].

Three meta-analyses reported activation of SMA in all stud-
ies investigating the neural mechanisms of working memory [76,
77]. A large number of studies have reported on the level of SMA
activation depending on the load on working memory [76, 78].

SMA is involved in the processes of initiation and control
of speech, in switching language tasks [79]. There are data indi-
cating that the performance of such language tasks as the elim-
ination of lexical ambiguity, tracking, and suppression of speech
errors is associated with the activation of preSMA [79]. The SMA
itself, in combination with BG and the cerebellum, is involved in
the initiation and processing of speech [80]. In other words, the
pre-SMA is associated with the linguistic function (semantic-prag-
matic aspects), and the SMA itself is associated with the speech
(articulatory-phonological aspects) function. It was found that
preSMA is involved in the organization of sequences of speech
material (syllables, words, sentences) [81].

It seems most likely that the general function of the SMA
is to organize the elements of various sequences of a lower or-
der into structures of a higher order, regardless of the nature of

Cy6pernoH MO
Co6cTBEHHO MO
6onee CTPOro cBA3aHa HeMoCcpeACTBEHHO C
MOTOPHbIM UCNONHEeHUeM [15, 56]
APTUKYNALMOHHO-GOHONOrMYECKMNE aCNeKTbl peyn
[79, 81]
6onee nosaHMe npoueccbl obyyeHms

— aBTOMATU3aLMA YiKe U3YYeHHbIX
nocsiepgosatenbHocrtein [60, 61, 77]

OCYLLEeCTBAEHME NOArOTOBKM MOTOPHOMO OTBETA MPU
nepexkntoYeHnmn 3agad [15]

MY3bIKa/IbHOE UCMOAHEeHWE [72-74]

TaMUHT eAUHUYHbIX cObbITUI [65]
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Table 2 Functional differences between subregions of the SMA

PreSMA
Motor participates in higher motor planning processes [15, 56]
Language semantic-pragmatic aspects of speech [79, 81]
Learning, working initial learning processes — learning new sequences, and
memory their coding [59, 60, 77]

Cognitive control

Musical musical imagination, creation of musical images [72-75]
Perception of time .
(timing) event sequence timing [65]

B nepsyto ouepesb, Bpayy BaXKHO 3HaTb 06 0COBEHHOCTAX K/KU-
HWUYECKOM KapTUHbI Y NauMeHToB ¢ nopaxernnem MO, a Takxke 06
06paTMMOCTM Pa3BMBAIOLLETOCA B TaKMUX C/Iy4anX HEBPOIOTUYECKOMO
aedvumTa. Chefyet OTMETUTb, YTO Hanbosiee YacTo B KAMHWUYECKOM
NPaKTUKe HeBPONOrMYecknii AedULMT, BbI3BAHHbIN MOPAXKEHUEM
OMO, BO3HMKaeT nocne XMpypruyeckmx BmellaTenbCcTB B AaHHOM
pervoHe.

Mpun nopaxkennn MO moryT BO3HMKATb pa3/iMyHble HEBPOO-
rmyeckme cMMNTombl. lMnoakTMBHOCTL NpeaMO, a TakKe 3ameTHas
noTepA HelipOHOB XOPOLLO 3340KYMEHTUPOBaHbI npu BI1, Ho cBA3b
MEXAY KOTHUTUBHBIM Aeduumtom n auchyHkumen MO go KoHua
HesicHa [15]. Hanpotus, npu ayTusme runepakTMBHOCTL NpesMO
CBA3aHa C HEHOPMaJIbHbIM UCMO/Ib30BAHNEM BbICLUMX KOFTHUTUBHBbIX
HEMPOHHbIX Lienei 419 NPOLLECCoB, KOTOPble 06bIYHO AOCTUTAOTCA C
MOMOLLbIO CEHCOMOTOPHbIX LiENei HUKHEro yposHs [86]. 3aukaHue,
ABNAOLLEECA TUMUYHBIM BUAOM ANCONIOIHLMM, CBA3AHO C NATTEPHA-
MM NATONOTMMYECKOro coeamnHenuna mexay b v AMO [87].

Tak HasbiBaembiit «cuHapom AMO», Hanbonee 4acTo OnNUChI-
BaeMbIii KaK «aKMHETUYECKUIA MYTU3M», MOXET BO3HWKaTb mocsie
Pa3BUTUA OCTPbIX NAaTONOMMYECKUX NPOLLECCOB (OCTPOE HapyLleHWe
MO3roBOro KpoBoobpalleHMs B HacceliHe nepegHeit Mo3roBol ap-
TEPUM U AP.) UM, YTO 3HAYMTENIbHO Yalle, NOCae XMPYPruyeckux
Bmewatenscts B MO gomuHaHTHOro nonywapua. Hanpumep, B
0flHOW M3 paboT OTMeyYaeTcs, YTo B rpynne 13 56 nauueHToB, onepu-
poBaHHbIX No nosoagy ranom AMO, cuHapom MO Bo3HMK y 60,7%
13 Hux [88].

[JaHHbIN CMHAPOM XapaKTepu3yeTca HEBPONOrMYECKMMM pac-
CTPOMCTBAMM, BapbUPYIOLLMMM OT MOJHOIO 10 YaCTUYHOTO NojaBne-
HUA Peur U ABUKEHUI B KOHTPanaTepasbHbIx KOHeuHocTax [89, 90].
OTmMunTenbHas ocobeHHocTb cuHapoma AMO — ero nonHas obpa-
TUMOCTb B TEYEHME OKONO 3 MeCALIeB; MHOTAA MOMKeT OCTaBaTbCA
YaCTUYHbIN AedULMT B BUAE TPYAHOCTEW B MHULMALMM PEYN UK B
OCYLLECTBNEHNM BbICTPbIX BMMaHYaNnbHbIX ABUXKEHUI [26]. BbicTpoe
BOCCTAHOB/IEHWE MOC/NE Pa3BUTUA AAHHOTO CUHAPOMA CBA3AHO C
npoLeccaMmn KOPKOBOM MAACTUYHOCTU U MEXaHM3MaMKU KOMMEeHca-
UMK 3a c4éT MO B NpOTMBONONOKHOM Nonylapum [31].

Knaccvuecknin BapuaHT cuHapoma AMO (M3HayanbHO onucaH-
Hbiit [. JlannaHom) vmeeT Tpu cTaguu. MNepBas — 3TO CTaAMA aku-
HETUYEeCKOro MyTU3Ma, NPOAOIKUTENBHOCTBIO 0 HECKO/IbKUX YacoB
WAK AHEN: napesbl/NNerus, aToHWA B KOHTPANATEPAbHbIX KOHEYHO-
CTAX BMECTE C MOJIHbIM WM MOYTH MONHBIM OTCYTCTBMEM PEYEBOrO
KOHTaKTa. BTopasa ctaama aautca ot 1,5 Hegenb Ao 3 mecAues v xa-
paKTepU3yeTcA TPYAHOCTAMM B MHULMALMMN PEYUN U/UAK ABUKEHUI B
KOHTpanaTepasibHbIX KOHEYHOCTAX, OAHAKO, KaK NpaBuiIo, UMetoTCA
[BUraTe/ibHble UM pPeyeBble OTBETbl HA BHeLWHWE NPUBbIYHbIE CTU-
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inhibition of planned reactions, task switching [15]

SMA subregion
SMA proper
more strictly related directly to motor performance
[15, 56]
articulatory-phonological aspects of speech [79, 81]
later learning processes — automation of already
learned sequences [60, 61, 77]
implementation of motor response preparation
when switching tasks [15]
musical performance [72-74]

singular event timing [65]

the elements themselves (movements, numbers, music, words,
etc.) [82]. However, further study of the function of this region
is needed, as well as the study of the neural mechanisms respon-
sible for its implementation. Structured information on the func-
tional differences between the subregions of the SMA is present-
ed in Table 2.

Clinical picture of SMA lesion

Among all pathologies in SMA, tumors (especially low-grade
gliomas) and epileptogenic foci are the most common, but ar-
teriovenous malformations and foci of the acute cerebrovascu-
lar lesions are also described [83, 84]. The incidence of isolated
stroke in SMA is extremely low — only a few clinical observations
are described [85].

First of all, it is important for the doctor to know about the
features of the clinical picture in patients with SMA lesions, as
well as about the reversibility of the neurological deficit that de-
velops in such cases. It should be noted that most often in clinical
practice, neurological deficit caused by damage to the SMA oc-
curs after surgical interventions in this region.

When the SMA is affected, various neurological symptoms
may occur. PreSMA hypoactivity, as well as marked neuron loss,
is well documented in PD, but the relationship between cognitive
deficits and SMA dysfunction is not fully understood [15]. In con-
trast, in autism, preSMA hyperactivity is associated with abnor-
mal use of higher cognitive neuronal circuits for processes that
are normally achieved by lower-level senso-motor circuits [86].
Stuttering, which is a typical type of dysfluency, is associated with
patterns of pathological connection between BG and SMA [87].

The so-called "SMA syndrome", most often described as
"akinetic mutism", can occur after the development of acute
pathological processes (acute cerebrovascular lesion in the area
supplied by the anterior cerebral artery, etc.) or, much more
often, after surgical interventions in the SMA of the dominant
hemisphere. For example, one study notes that in a group of 56
patients operated on for SMA gliomas, SMA syndrome occurred
in 60.7% of them [88].

This syndrome is characterized by neurological disorders
ranging from complete to partial suppression of speech and
movements in the contralateral limbs [89, 90]. A distinctive fea-
ture of the SMA syndrome is its complete reversibility within
about 3 months; sometimes there may be a partial neurological
deficit in the form of difficulties in initiating speech or in the im-
plementation of rapid bimanual movements [26]. Rapid recovery
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Mynbl. TpeTba pasa — gauTebHas pemmuccus 60NbLLINMHCTBA KMHUYe-
CKM 3HAYMMbIX CUMMNTOMOB, B 6ONbLIMHCTBE C/ly4aeB NOMHAsA, OAHA-
KO B peAKMX CNYy4aax MOTYT COXPAHATCA TPYAHOCTU B OCYLLECTBNEHWUM
6bICTPbIX M MOCAEeA0BATENbHbIX OMMaHyabHbIX ABUXKeHMUI [12].

Hanbonee yactble cumnTombl cMHApoma MO cocToaT 13 asu-
raTeNbHbIX HapyLeHWI, KOTopble MOLBEPIKEHbI COMATOTONMMN: NP
nopaKeHuu 3agHux otaenos MO Bo3HMKaeT AedpuumUT B KOHTPa-
NaTepanbHON HUMKHEN KOHEYHOCTW, a MpY MNOpaXKeHUW nepesHux
0TZe/10B — B KOHTPanaTepasibHOM BepxHeW KoHeYyHocTv 1 anue [90].
MHoraa Habntogaetca KOHTpanaTepanbHbld reMUnapes uan remu-
NAernsa, HO Yalle BCEro y NaLWMeHTOB BO3HWUKAIOT TPYAHOCTU C TOH-
KMMU OBUXKEHUAMM PyKamu, BbICTpbIM YepeaoBaHUEM NoCieL0Ba-
TeNbHbIX CKOOPAUHMPOBAHHbIX BMMaHyanbHbIX ABWXKeHMI. Kpome
TOr0, B HEKOTOPbIX PaboTax ONUCaHbl Cy4an HapyLIEeHUA NOXOAKM Y
nauueHToB ¢ nopaxkeHuem MO, 31eMeHTbl KOTOPOW HaNOMMUHAIOT
yepTbl MAPKMHCOHMYECKoM [91].

Cvmntombl nopaxkeHns MO He Bcerga CBOAATCA K NPOCTbIM
[ABUraTE/IbHbIM HapyLWEHUAM: MHOTA@ MOFYT BO3HMKATb ABUMKEHWS,
KOTOpble NaLMeHTbl He HaMepeBaIMCb CoBepLLaThb. B cBoeil Hanbonee
ApKoV dopme 3TO NPOABAAETCA B BUAE KCMHAPOMA YyKOM KOHEYHO-
CTU», MPU KOTOPOM KOHTpanaTepasibHas pyKa CoBepLUaeT HENOAKOH-
TPONbHbIE ABMMKEHUsA (Hanpumep, XBaTaeTca 3a HaxoAswwecs nob-
NIU30CTU NPESMETbI), KOTOPbIE, O4EBUAHO, HAXOAATCA BHe MHTepeca
cybbekTa [91, 92]. MHoraa «uyKas» KOHEYHOCTb MELLAeT TOMY, YTo
JAenaeT Apyrasa KOHEYHOCTb, HanpUMep, KNAgET TenedoHHyo TpybKy,
KOTOPYIO MaLMeHT B3AN 30POBOM PYKOM, YTOGbI NO3BOHWTL. Takke
naumeHTbl ¢ nopaxkeHnem OMO moryT gemMOHCTpMpoBaTb yTUAU3A-
LUMOHHOE MNOBEAEHME: UCMONb30BaHWE bAM3NENalMX NPesMETOoB,
KOTOpble BbICTYNaloT B POAM HEKOTO CTUMY/a, 6e3 ABHOrO HamepeHus
caenatb 310 [93]. Takum 06pa3om, OHM MOTYT B3ATb M HaZlETb OYKM, a
3aTeMm, YBUAEB Ha CTONE APYTYIO Napy, TaKKe HAZLEeTb UX.

Mpu cuHapome MO BO3HMKAET Kak peyeBOM, TaK U A3bIKOBOW
AedUUNT: MOryT CTpaZaTb Kak GOHaLMA C apTUKYNALMEN, TaK U Nek-
CMKa 1 cuHTaKeuc [23]. Hanpumep, kposousnusHue B nesyio MO
NPUBOAMNO K HAPYLUEHWUIO PEYM M3-3a HAPYLLUEHWUA UHMLMALMK MO-
CNepoBaTeNbHbIX aPTUKYAALMIA NPU OTCYTCTBUM JIMHTBUCTUYECKOTO
AeduumTa Bonee BbicoKoro nopagka [94, 95]. MocneonepaumoHHas
OLLEHKa ABUraTeNbHbIX U A3bIKOBbIX GYHKLMI NOCNe pesekuun ony-
XONen meamanbHblX Yactei NOBHbIX fonel, BbiaBaAna Aeduumut B
CKOPOCTW peun B KayecTBe OAHOMO U3 OCHOBHbIX cumnTomoB [96]. B
Lenom, AUCOHYHKLMU MOTYT BbiTb BPEMEHHbIMM B C/ly4ae OQHOCTO-
POHHUX NopaxkeHuit MO, 3a cHET KoMneHcaTopHoro agdekTa npo-
TUBOMOIOXKHOTO Nonywapus [97].

HapyweHua peuun, BbI3BaHHbIE MOPAXKEHUEM LOMWMHAHTHOWM
AMO, vHoraa HasbiBatoTca «adasueit AMO». NepBoe KAMHUYECKoe
coobuieHne 06 adasuu, Bbi3BaHHOM nospexaeHnem MO, 6bin0
npeactasneHo A. Pybercom B 1975 r. OH oxapaKkTepu3oBan eé cie-
ayowmm obpasom: «(1) auccoumauma mexay HOPMasbHbIM NMOBTO-
PEHMEM U CUbHO HApPYLIEHHOM CMOHTAHHOM Pa3roBOPHON peuybto,
(2) otcyTcTBME doHEMATMUECKMX Napadasuit, (3) oTcyTCTBME TOPMO-
KeHWA peun 1 (4) oTHoCcUTeNbHOE CoXpaHeHMe KOHPOHTALMOHHOTO
HaMMeHOBaHMA 1 NOHWMaHMA» [98]. OTAMYUTENbHBIE 0COBEHHOCTU
3ToM adasuu: M3HaAYa/IbHbLIN MYTU3M, MPOLO/IKMUTENBHOCTBIO A0
HECKONbKUX AHEN, CMEHSIWMNCA HapyLWeHAMM B MHULMALMK U
NoAAEPKaHUN Peyun C NoYTM NOJHON COXPAHHOCTbIO MOBTOPEHMSA
1 NMOHUMAHUA peyn U oTCcyTCTBMEM axonanmin [99]. HekoTopble wc-
cnefoBaTeNy OTMEYAOT Y TaKUX NaLMEHTOB BO3HUKHOBEHMWE Tpya-
HOCTel C UMEHOBaHWEM NPEAMETOB, OLHAKO B @HHOM C/ly4ae OHM,
CKOpee, CBA3aHbI C TPYAHOCTAMM B MHMLMAUMK peun. Kpome Toro,
M3-33 TPYLHOCTEN C BOCMPOM3BEAEHVMEM PEYM MOTyT bbiTb OBHa-
pYy*KeHbl HeKoTopble GoHOMOrMYecKMe napadasum, NpUBOAALLME K

after the development of this syndrome is associated with corti-
cal plasticity and compensation mechanisms due to SMA in the
opposite hemisphere [31].

The classic version of the SMA syndrome (originally de-
scribed by D. Laplan) has three stages. The first is the stage of aki-
netic mutism, lasting up to several hours or days: paresis/plegia,
atony in the contralateral limbs, along with a complete or almost
complete absence of verbal communication. The second stage
lasts from 1.5 weeks to 3 months and is characterized by diffi-
culties in initiating speech and/or movements in the contralateral
limbs, however, as a rule, there are motor or speech responses to
external habitual stimuli. The third phase is a long-term remission
of most clinically significant symptoms, in most cases complete,
but in rare cases, difficulties in the implementation of rapid and
consistent bimanual movements may persist [12].

The most common symptoms of the SMA syndrome consist
of motor disorders that are prone to somatotopy: if the posterior
parts of the SMA are affected, a deficiency occurs in the contra-
lateral lower limb, and if the anterior parts are affected, it occurs
in the contralateral upper limb and face [90]. Sometimes there is
contralateral hemiparesis or hemiplegia, but most often patients
have difficulty with fine hand movements and rapid alternation of
successive coordinated bimanual movements. In addition, some
papers describe cases of gait disturbance in patients with SMA
lesions, the elements of which resemble the features of PD [91].

Symptoms of SMA damage are not always reduced to sim-
ple movement disorders: sometimes there may be movements
that patients did not intend to perform. In its most striking form,
this manifests itself in the form of “foreign limb syndrome”, in
which the contralateral hand makes uncontrollable movements
(for example, grasping nearby objects) that are apparently out of
the subject’s intention [91-92]. Sometimes the “foreign” limb in-
terferes with what the other limb is doing, such as putting down
the telephone receiver that the patient has taken up with his
healthy hand to make a call. Also, patients with SMA damage can
demonstrate utilization behavior: the use of nearby objects that
act as a kind of stimulus, without a clear intention to do so [93].
Thus, they can take and put on glasses, and then, seeing another
pair on the table also put them on as well.

With SMA syndrome, both speech and language deficits
occur in phonation with articulation, and vocabulary with the
syntax [23]. For example, a hemorrhage in the left SMA resulted
in speech deficit due to impaired initiation of successive articu-
lations in the absence of a higher-order linguistic deficit [94, 95].
Postoperative assessment of motor and language functions after
resection of tumors of the medial parts of the frontal lobes re-
vealed a deficit in speech fluency as one of the main symptoms
[96]. In general, dysfunctions can be temporary in the case of uni-
lateral lesions of the SMA, due to the compensatory effect of the
opposite hemisphere [97].

Speech disorders caused by damage to the dominant SMA
are sometimes referred to as "SMA aphasia". The first clinical
report on aphasia caused by SMA lesions was presented by A.
Rubens in 1975. He characterized it as follows: "(1) dissociation
between normal repetition and severely impaired spontaneous
colloquial speech, (2) absence of phonemic paraphasias, (3) ab-
sence of speech inhibition, and (4) relative retention of confron-
tational naming and comprehension" [98]. Distinctive features of
this aphasia: initial mutism, lasting up to several days, followed
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owunbKam B MMeHOBaHWUM. MTOHMMaHMe Pa3roBOPHOMN peyn 06bIYHO
He HapyLWeHo, HO MOTYT BO3HUKHYTb TPYAHOCTU B FPaMMaTHyeCcKu
CNOXKHbIX NpeanoxeHnsx [99].

Tem He MmeHee, BONbWMHCTBO KAaccuduKaumii adasuii He
BK/IIOYAET A3bIKOBbIE HApYLLEHUA, CBA3aHHbIe ¢ natonormeit MO, 3a
UCKAoYEHMEM Knaccudurkaumm adasuii A. Apaunsl (2010 r.) [100].
Bonee Toro, gaxe camas bonblias cepus nauueHToB c adasven,
OnucaHHan B InTepaType, He BKAoYaeT adasuio AMO [101].

Coobuiaetcs, yto nospexpeHve AMO npuBOAMT Kak K pe-
YeBbIM (aBTOMATU3aUMA PeEYM, UHWULMALMA, KOHTPONb BPEMEHU U
MOHWTOPUHI peyn), TaK U K A3bIKOBbIM paccTpoicTBam (paboyas
NamaTb, NMPOU3BOACTBO C/IOB, JIEKCUYECKOE Pa3peLleHVe HeomHO-
3HAYHOCTM, OTCNENMBAHWE KOHTEKCTA, MOHMUTOPUHI, NoAaBneHue
OLMBOYHBIX A3bIKOBbIX MPEACTABAEHNUI U BHYTPEHHETO A3bIKa). Ta-
KM 06pa3om, A8 ONMUCAHWA PeyeBblX HAPYLUEHWIA, KOTOPble BO3HM-
KatoT NPy NOBPEXAEHUN AOMUHaHTHOW MO, BnosHe NpaBoMOYHO
MCNoNb30BaTb TEPMUH «adasma» [102].

Momumo adasum npu AMO, onucaHbl 1 Apyrue peyesble Ha-
PYWEHWUsA, BO3HUKAKOLWMe MpPU MOBPEXAEHUM AAHHOTO KOPKOBOIO
pervuoHa: «CMHAPOM MHOCTPAHHOMO aKLEHTa» U peyesas 3aTOPMO-
®eHHocTb [103]. bonee Toro, 66110 BbiCKa3aHO NPEANONONKEHNME,
4TO 3aMKaHWE MOXKHO PAacCMaTPMBaTb KaK TUM HapyLweHWA bernocTu
peyn n3-3a aHoManbHoM ceA3u mexay AMO u Bl [87]. Takke bbl10
BbICKa3aHO NpeanonoxeHue, Yto nospexaeHve JIKM nexuT B ocHo-
BE HapyLIeHW BEerNOCTM peyun npu CToMKoM 3ankaHum [104].

JIKN B AOMMHAHTHOM noAywapuu yyactsyeT B $opmupo-
BaHWM BErnocT1 peuu, YTo NOATBEPMKAAETCA MHOTOUMCAEHHBIMU
uccnefoBaHUAMM. Y NaLMEHTOB C NEPBUYHONM MporpeccupytoLleit
adasmein cpeaHAA CKOPOCTb PeYn KoppesMpoBasa C NoKasaTenamm
MUKPOCTPYKTYPHOW LenocTHocTu 6enoro Beulectsa nesoro JIKM
[46, 105]. 3T noKasaTenun He KOPPENMPOBAMN C FPAMMaTUYECKOM
06paboTKoli MAKM CO CNOCOBHOCTAMMU K MMEHOBaHMIO M306parKe-
HWI. MicchepoBaHue nauMeHToB € adasmeit nmocne MHcynbta no-
Ka3asio, YTO MHTEHCMBHOCTb CUTHaNa 6enoro BeLecTsa OT JIeBOrO
JIKN 6blna Ayywmm NpeanKTOPOM HapyLweHUs CKOPOCTU peyun no
CPaBHEHWIO C APYrMMM TpaKTamu NeBOro MOAYLWApWA, y4acTBYyiO-
WyMKM B peyn v asbike [105].

OaHako y AMO, nomrmo peyeBol U ABUraTENbHOW, ONUCaHbI
u Apyre GYHKLMKM, KOTOPbIe TaKKe AO0MKHbI CTPaAaTb NPU NOBPEX-
[eHWMN [aHHOro KOPTUKaAbHOro pernoHa. Hanpumep, 6bin BbiABAEH
8edVUUT KOTHUTMBHOIO KOHTPONA Y MALMUEHTOB € cMHgpomom MO,
KOTOpbIM 6bls1a Npon3BeaeHa onepaums Ha LOMUHAHTHOM NOAyLIa-
puwn [41]. Pe3ynbTaThl HeAaBHO NPOBEAEHHOMO UCCAEeL0BaHUA Npes-
CTaBAAT cob0it NepBoe CBUAETENBCTBO TOTO, YTO HAapyLUEHWE GYHK-
UMM paboyelt NamaTh MOXKHO OTHECTU K OAHOW M3 COCTaBAOLLIUX
cuHgpoma MO [106].

KnmHuuyeckoe 3HayeHue B HeBPOOTUM

Pacnonaraacbe mexay NMMVIK n NMNOK, AMO umeeT pewatoliee
3HaYeHWe 4NA CBA3M KMO3HAHMAY C «aeicTBuem» [15]. ITa yHUKanb-
Hasa ponb, KoTopyto urpaet AMO, genaet eé npusneKaTeNlbHON MU-
LWeHbIo 417 HEMHBA3MBHOMN CTUMYAALMM MO3ra NPKU Ie4EHUN HEBPO-
JIOTMYECKUX U NMCUXMYECKMX PACCTPOICTB, NPU KOTOPbIX HapyLUaeTcs
KOHTPO/Ib ABWUXKEHUI UM NOBEAEHMSA, BKNOYAA cMHApPOM TypeTTa,
obceccnBHO-KOMNYAbCMBHOE paccTpoicTso M b [107-109].

MaumeHTbl ¢ Bl AEMOHCTPUPYIOT NOHUMKEHHYIO aKTUBHOCTb B
OMO, KOTOpYt0 MOMHO YNyYlUUTb C MOMOLLBIO MeAUKAaMEHTO3HOTO
NeyeHus uam rnybokon ctumynsaumm CTA [110-112]. Y aTux naymex-
TOB Take HabntogaeTca noteps NUPamuUAHbIX HEMPOHOB B Npea-
AMO [113]. 3T n Apyrue Haxo4KM NPUBENY K pacTyLLemy MHTepecy
n3yyeHus BKnaga aucoyHkumm AMO B BIM; B o4HOM M3 UccnenoBa-
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by disturbances in the initiation and maintenance of speech with
almost complete retention of the repetition and understanding
of speech and the absence of echolalia [99]. Some researchers
note that such patients experience difficulties in naming objects,
but in this case, they are more likely associated with difficulties
in initiating speech. In addition, some phonological paraphasias
may be found due to speech production difficulties, resulting in
naming errors. Comprehension of spoken language is usually not
impaired, but difficulties may arise in grammatically complex sen-
tences [99].

However, most classifications of aphasias do not include
language impairments associated with the pathology of SMA,
with the exception of the classification of aphasias by A. Ardila
(2010) [100]. Moreover, even the largest series of patients with
aphasia described in the literature did not include SMA aphasia
[101].

Damage to the SMA has been reported to result in both
speech disorders (speech automation, initiation, time control,
and speech monitoring) and language deficits (working memory,
word production, lexical disambiguation, context tracking, mon-
itoring, suppression of erroneous linguistic representations, and
internal language). Thus, to describe speech disorders that occur
when the dominant SMA is damaged, it is quite justified to use
the term "aphasia" [102].

In addition to SMA aphasia, other speech disorders have
been described that occur when this cortical region is damaged:
“foreign accent syndrome” and speech retardation [103]. More-
over, it has been suggested that stuttering can be considered
a type of fluency disorder due to an abnormal relationship be-
tween SMA and BG [87]. It has also been suggested that dam-
age to the FOF underlies fluency disorders in persistent stuttering
[104].

FOF in the dominant hemisphere is involved in the forma-
tion of fluency, which is confirmed by numerous studies. In pa-
tients with primary progressive aphasia, the average speech
speed correlated with indicators of the microstructural integrity
of the white matter of the left FOF [46, 105]. These scores did
not correlate with grammatical processing or image naming abil-
ities. A study of patients with aphasia after stroke showed that
the intensity of the white matter signal from the left FOF was the
best predictor of impaired speech fluency compared to other left
hemisphere tracts involved in speech and language [105].

However, in SMA, in addition to speech and motor func-
tions, other functions are also described, which should also suffer
if this cortical region is damaged. For example, a deficit in cogni-
tive control has been identified in patients with SMA syndrome
who underwent surgery on the dominant hemisphere [41]. The
results of a recent study provide the first evidence that impaired
working memory can be attributed to one of the components of
the SMA syndrome [106].

Clinical significance in neurology

Located between the PMC and the PFC, the SMA is cru-
cial for the connection between “knowledge” and “action” [15].
This unique role played by SMA makes it an attractive target for
non-invasive brain stimulation in the treatment of neurological
and psychiatric disorders in which movement or behavior control
is impaired, including Tourette's syndrome, obsessive-compulsive
disorder, and PD [107-109].
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HWI 6b110 COOBbLEHO 06 yNydLWeHUN ABuUraTeNbHOW GYHKLMM Y Na-
umeHToB ¢ bl nocne TpaHCKPaHMANBHOM MArHUTHOM CTUMYAALMM
B npoekumn AMO [114]. Ctumynauma CTA aapa MOXKET NPUBECTU
K MMNYNbCUBHOMY NPUHATUIO pewweHnit npu BI, u naumeHTsl, He
NPUHUMAIOLLME NIeKapCTBa, TaKke OOHapYXKMBAlOT HapyleHus B
NepekNOYEHNN MEXAY 3aAavyaMu, YTO COFNacyeTca C BO3MOXKHOM
ancdyHkumen npesaMO [38].

C apyroi ctopoHbl, nyTb oT AMO K H/IU uepes JIKM moxkeT
MMeTb peLlatollee 3HaYeHUe ANA KOHTPONA AUCKUHE3WM, Bbi3BaH-
HbIXx esogonoit. Momumo B, BoBneyeHue JIKM B A3bIKOBYIO yHK-
umto genaet AMO npuBaeKaTeNbHON MULEHbIO NPY NEYEHUN HAPY-
LWIEHWI peYM, TaKMX KaK BOKaNbHble TUKM, 3auKaHue v adasua [46,
104-105, 115].

3AKNIOYEHUE

MO — 370 MyNbTUOYHKLMOHANBbHAA U aHaTOMUYECKK reTepo-
reHHas 061acTb Kopbl MeananbHbIX NOBEPXHOCTEN NOBHBIX AoNel
roN0BHOr0 Mo3ra. B faHHOM 30He BblAENAOT ABa OTAENbHbIX Cybpe-
TMOHA, UMEIOLLMX CBOU OTIMUUTE/IbHbIE LIUTOAPXUTEKTOHUYECKME U
bYHKLMOHaNbHble 0COBEHHOCTH.

Mpu nopaxeHnn AMO MOXeT BO3HUKHYTb MHOMECTBO CUM-
NTOMOB, KIMHUYECKM 3HAYMMbIMU U3 KOTOPbIX ABAAKOTCA ABUTaTeNb-
Hble ¥ peyesble HapylweHus. Hanbonee cneunduyecknum npossne-
HVMEeM MOPaXKeHWA AAHHOTO PerMoHa B JOMUHAHTHOM MOAYLIAPUM
aBnsetca cuHapom AMO (aKMHETUMYECKMI MyTU3M) B BUAE KOHTpa-
NaTtepanbHbIX Nape3oB WK NAErnK, OTCYTCTBUA PEYEBOTO KOHTAKTa,
W OT/INYAIOLLMIACA KpalHEN cTeneHbio cBoel 0bpatumocTy (B 6onb-
WKHcTBe cnyyaes — oT 1,5 ao 3 mecaues).

TakMm 06pa3om, KAMHULUCTY HEOBXOAMMO 3HATb O CYLLECTBO-
BaHWUM JaHHOM obnacTty Kopbl M, a TaKKe o cneuuduyeckon HeBpo-
NIOTUYECKOW KapTWHe Y NaLueHTOB npu eé nopaxeHuu. MoapobHo
onuncaHHble 34ecb aHaTOMO-PyHKLMOHaNbHble ocobeHHocT MO,
BEPOATHO, B Oyayllem HalZyT CBOE LUIMPOKOE NPUMEHEHWUEe Kak B
byHAAMeHTaNbHbIX UCCNef0BaHUAX, Tak U B 061acTU NpaKTUYECKOM
MeAULMHbI.

Patients with PD show reduced activity in SMA, which can
be improved with medical treatment or deep stimulation of STNs
[110-112]. These patients also show loss of pyramidal neurons
in preSMA [113]. These and other findings have led to a grow-
ing interest in studying the contribution of SMA dysfunction to
PD; one study reported improvement in motor function in PD pa-
tients after transcranial magnetic stimulation in the SMA projec-
tion [114]. Stimulation of the STN can lead to impulsive decision
making in PD, and drug-naive patients also show impairments in
task switching, consistent with possible preSMA dysfunction [38].

On the other hand, the route from SMA to IFG via FOF may
be critical for the control of levodopa-induced dyskinesias. In ad-
dition to PD, the involvement of FOF in language function makes
SMA an attractive target in the treatment of speech disorders
such as vocal tics, stuttering, and aphasia [46, 104, 105, 115].

CONCLUSION

SMA is a multifunctional and anatomically heterogeneous
cortical area of the medial surfaces of the frontal lobes of the brain.
In this zone, two separate subregions are identified, which have
their own distinctive cytoarchitectonic and functional features.

When the SMA is affected, a variety of symptoms can oc-
cur, the most clinically significant of which are motor and speech
disorders. The most specific manifestations of the lesion of this
region in the dominant hemisphere is an SMA syndrome (akinet-
ic mutism) in the form of contralateral paresis or plegia, lack of
speech communication, which is characterized by an extreme de-
gree of its reversibility (in most cases — from 1.5 to 3 months).

Thus, the clinician needs to be aware of the existence of this
area of the cerebral cortex, as well as the specific neurological
picture in patients with its lesion. The anatomical and functional
features of SMA described in detail here will probably find their
wide application in the future both in fundamental research and
in the field of practical medicine.
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