Chapter 1

REFLEXES, MOTION
AND SYNDROMES

The motor impulses for voluntary movement are mainly generated
in the precentral gyrus of the frontal lobe (primary motor cortex, Brod-
mann area 4) and in the adjacent cortical areas (first motor neuron).
They travel in the long fiber pathways (mainly the corticonuclear and
corticospinal tracts/pyramidal pathway), passing through the brainstem
and down the spinal cord to the anterior horn, where they make synaptic
contact with the second motor neuron — usually by way of one or more
intervening interneurons. The nerve fibers emerging from area 4 and
the adjacent cortical areas together make up the pyramidal tract, which
is the quickest and most direct connection between the primary mo-
tor area and the motor neurons of the anterior horn. In addition, other
cortical areas (especially the premotor cortex, area 6) and subcortical
nuclei (especially the basal ganglia) participate in the neural control of
movement. These areas form complex feedback loops with one another
and with the primary motor cortex and cerebellum; they exert an influ-
ence on the anterior horn cells by way of several distinct fiber pathways
in the spinal cord. Their function is mainly to modulate movement and
to regulate muscle tone. Impulses generated in the second motor neu-
rons of the motor cranial nerve nuclei and the anterior horn of the spinal
cord pass through the anterior roots, the nerve plexuses (in the cervical
and lumbosacral regions), and the peripheral nerves on their way to the
skeletal muscles. The impulses are conveyed to the muscle cells through
the motor end plates of the neuromuscular junction. Lesions of the first
motor neuron in the brain or spinal cord usually produce spastic pare-
sis, while lesions of the second motor neuron in the anterior horn, an-
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PE®JIEKCbI, IBUWXXEHUSA
N CUHAPOMDI

JBUTaTeIbHbIE UMITYJIbChI IIPOU3BOJBbHBIX IBUXKEHUI B OCHOBHOM Te€He-
PUPYIOTCS B MPENeHTPAIbHOI M3BHIMHE JTOOHOM 101 (TIepBUYHASI MOTOPHAS
Kopa, objactb 4 o bpoaMaHHy) 1 B CMEXXHBIX 00JIACTSX KOPbI (TTepBbIii 1BU-
raTeIbHBIN HelipoH). OHU MPOXOIAT MO BOJOKHAM IJIWHHBIX MyTeil (TIaB-
HBIM 00pa3oM KOPKOBO-SIIEPHOTO 11 KOPKOBO-CIIMHHOMO3rOBOI0 IMyTeil — ITH-
pPaMUIHOIO TPaKTa), HAIIPaBJISIOTCS Yepe3 CTBOJ MO3ra BHI3 B CIIMHHOM MO3T
K IepeIHnM PoraM, rie o0pa3yioT CMHAIIC CO BTOPHIM JIBHTAaTEeIbHBIM HEHpPO-
HOM IIOCPEJCTBOM OIHOIO MJIM HEeCKOJbKMX BCTAaBOYHBIX HelipoHOB. Heps-
HbI€ BOJIOKHA, BBIXOJSIIME U3 00JacTh 4 U Mpujeralolux K Heil odaacTei
KOPBI, BMECTE COCTABJISTIOT MAPAMHIHBIN TPAKT — caMoe OBICTpOe 1 HamboJee
MIpsIMOE COeNMHEHNEe MEeXIy MePBUYHON NBUraTeIbHON 30HOM 1 ABUTATE b~
HBIMH HEWpOHAMHM TIEPeIHUX POTOB CIIMHHOTO Mo3ra. Kpome Toro, mpyrue
00J1aCTH KOPHI (0COOEHHO IIPEMOTOPHAsI KOpa FOJI0BHOIO MO3ra — 30Ha 6) 1
MOJIKOPKOBBIE siipa (B YACTHOCTU, Oa3ajbHble TAHIJIMM) TaKXKe Y4aCTBYIOT B
KOHTPOJIe IBUKCHMS. DTU 30HBI 00Pa3yIOT CIIOKHBIEC TIETIIM OOpaTHOM CBSI3U
JIPYT C IPYTOM U C TIEPBUYHOU MOTOPHOUN KOPOI TOJIOBHOTO MO3Ta Y MO3XKeY-
Ka; OHU OKa3bIBAIOT BIAMSHUE Ha KJIETKM MEPEIHUX POrOB CIIMHHOIO MO3ra
HECKOJIBKUMMU TTyTsIMH. VX (pyHKIIUS 3aKITF09aeTCsT IIIaBHBIM 00pa30M B MO-
TyJISUUU IBYKEHUS U PETYJIUPOBAaHUM MBIILIEYHOTO TOHYca. IMITYJIbChI, Te-
HepHpyeMbie BO BTOPOM JBUTATEILHOM HeMfpOHE IBUTATEIHHBIX ISP YepeTl-
HBIX HEPBOB U IIEPEIHMX POTOB CIIMHHOTO MO3Tra, IIPOXOIST Yepe3 nepeaHne
KOpeIKH, HePBHbIE CIIeTeHus (B IIEHHON M MOsSICHUYHO-KPECTLIOBOM 0bJ1a-
CTsX) 1 nepuepruuecKne HePBbI K CKEJICTHBIM MBIIIIIAM. DTH UMITYJIbCHI TIe-
penarTcsl Ha MBIIIEYHbIC KJIETKU IMOCPEICTBOM HEPBHO-MBIIIEYHOTO COEIH-
HeHus. [TopaxeHus repBoro NBUraTeJibHOro HelipoHa Ha YpoBHE rOJIOBHOTO
WJIN CIIMHHOTO MO3Ta OOBIYHO (POPMUPYIOT CHACTHYECKHIA Ape3, B TO BpeMsI
KakK mopaxkeH’e BTOPOro ABUTaTeIbHOTO HElipoHa B MIEpeIHEM POre CIIMHHO-
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terior root, peripheral nerve, or motor end plate usually produce flaccid
paresis. Motor deficits rarely appear in isolation as the result of a lesion
of the nervous system; they are usually accompanied by sensory, auto-
nomic, cognitive, and/or neuropsychological deficits of various kinds,
depending on the site and nature of the causative lesion.

CENTRAL COMPONENTS
OF THE MOTOR SYSTEM AND CLINICAL SYNDROMES
OF LESIONS AFFECTING THEM

The central portion of the motor system for voluntary movement
consists of the primary motor cortex (area 4) and the adjacent cortical
areas (particularly the premotor cortex, area 6), and the corticobulbar
and corticospinal tracts to which these cortical areas give rise (figs. 1.1
and 1.2).

Motor Cortical Areas

The primary motor cortex (precentral gyrus, fig. 1.1) is a band of
cortical tissue that lies on the opposite side of the central sulcus from
the primary somatosensory cortex (in the postcentral gyrus) and, like
it, extends upward and past the superomedial edge of the hemisphere
onto its medial surface. The area representing the throat and larynx lies
at the inferior end of the primary motor cortex; above it, in sequence,
are the areas representing the face, upper limbs, trunk, and lower limbs
(fig. 1.2). This is the inverted “motor homunculus” corresponding to the
“somatosensory homunculus” of the postcentral gyrus.

Motor neurons are found not only in area 4 but also in the adjacent
cortical areas. The fibers mediating fine voluntary movements, however,
originate mainly in the precentral gyrus. This is the site of the character-
istic, large pyramidal neurons (Betz cells), which lie in the fifth cellular
layer of the cortex and send their rapidly conducting, thickly myelinated
axons into the pyramidal tract. The pyramidal tract was once thought to
be entirely composed of Betz cell axons, but it is now known that these
account for only 3.4—4% of its fibers. The largest fiber contingent in fact
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ro MO3ra, nepefHeM Kopelike, nepudepuyeckoM HepBe UM KOHEYHOM OT-
JieJie IBUTATeTbHbBIX BOJJOKOH 00BIYHO (hopMUpyeT Bsiiiblii mape3. HapyieHue
JIBUTATEIbHOM (DYHKIIMM B pe3yJibTaTe MOpaXKeHWs HEPBHOW CUCTEMBI pel-
KO ObIBaeT M30JIMPOBAHHBIM; OHO, KaK MPaBUJIO, COMTPOBOXKIAETCSI CEHCOP-
HBIMU, BEreTAaTUBHBIMHU, KOTHUTUBHBIMU U (UJIM) HEUPOTICUXOJOTUIESCKH-
MU HapyIIeHUSIMUA Pa3IMYHBIX BUIOB B 3aBUCMMOCTH OT MeCTa, XapakTepa 1
MIPUYUHBI TOPAKEHNS.

LEHTPANbHBIE KOMMNOHEHTbI ABUTATEJIbHOI CUCTEMbI
N KIIMHUYECKWUE CUHAPOMbI X NOPAXEHUA

LenTpanbHast 4acTh IBUraTeJIbHOM CUCTEMbI IPOM3BOJBHOIO IBIIKE-
HUSI COCTOUT U3 Nepeu4Holl MomopHot kopbl (00JacTb 4) U npusecarouux K
Heil oOnacmeil Kopubl (B 4aCTHOCTH, IIPEMOTOPHOM KOpPHbI, 00J1aCTh 6), a TaKXKe
KOPK0B0-50epHbIX U KOPK0BO-CRUHHOMO3206bIX NYMell, C KOTOPbIMU 3T 00J1a-
CTU KOPHI CBs13aHHI (puc. 1.1 u 1.2).

MoTopHble 30HbI KOpbI FONIOBHOr0 MO3ra

Momopnas 30na Kopbl 20406H020 Mo32a (IpeLiIEHTpalibHAas W3BUJIMHA,
cM. puc. 1.1) — monoca KOPTUKAIBbHOU TKAHU Ha MPOTUBOITOJIOXHOM OT Mep-
BMYHOI COMaTOCEHCOPHOI KOPhI CTOPOHE LIEHTPpaIbHOI 00pO3/bl (B MOCT-
LIEHTpaJbHOM M3BWIMHE). [IpoXoauT BBEpX M MHUMO BEPXHEMEIUATbHOIO
Kpasi MoJTyIapusi 1Mo ero MeauaibHOU moBepxHocTh. O0IacTh, IPENCTaBIIsI-
I0I11asi TOPJIO ¥ TOPTaHb, PACIIOJIOKeHa B HUXKHEM OTJIeJie [IepBUYHON MOTOP-
HOIM KOpPbI TOJI0OBHOI0 Mo3ra. Haj HUM 1ocie1oBaTe/IbHO PacIiojioKeHbl 00-
JIACTH, TIPEACTABIISIIONINE IO, BEPXHE KOHEUHOCTH, TYJIOBHUIIE M HUKHUE
KOHEYHOCTH (cM. puc. 1.2). DTO epeBepHYTHIN «d8ueamenbHblii C0MYHKYAYC»
COOTBETCTBYIOLLUIA «COMAMOCEHCOPHOMY 20MYHKYAYCY» TIOCTLEHTPAIbHOM 13-
BUJIAHEL.

JBuratenbHble HEMPOHBI BCTPEYAIOTCS HE TOJIBKO B 00nacTv 4, HO U B
CMEKHBIX 00J1acTSIX KOphl. BosokHa, hopMupymolie TOHKE TPOU3BOJIbHbIE
JBVDKEHUST, TIPOXOMST B OCHOBHOM B ITPELIEHTPATbHON U3BUIIMHE. DTO JIOKA-
JIM3aLMsT OOJIBIIUX RUPAMUOHBIX HelpoHOs (Kaemok beya), exxaniux B TISITOM
CJ10€ KJIETOK KOPbI, OT KOTOPBIX HAUMHAIOTCS MUEIMHU3MPOBAHHbIE AKCOHBI
MUPpaMUIHOTO TpaKTa. PaHbIe canTamy, 9To MMPaMUIHBIA ITYTh IOJHOCTHIO
COCTOMT M3 aKCOHOB KJIeTOK beia. Ho temnepp M3BeCTHO, YTO OHM COCTaB-
JIs10T Jinib 3,4—4% ero BojoKOoH. OCHOBHAsI 4acTh BOJIOKOH (DaKTUYECKU
OepeT CBOe HAaYaJIo OT MEHBIITNX MUPAMUIHBIX U BEPETEHOOOPA3HBIX KIETOK
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Precentral gyrus

Postcentral gyrus

Inferior frontal gyrus,
opercular part

Anterior transverse
temporal gyrus

A
Precentral gyrus
Postcentral gyrus
Calcarine sulcus
B

- Motor projection area

- Motor associative area

- Sensitive projection area
|:| Sensitive associative domain
- Auditory projection area

- Auditory associative area
- Visual projection area

- Visual associative area

Fig. 1.1. Functional zones of the cerebral cortex in accordance with the Forster
classification: A — left view; B — view from the medial side
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I'Ipep,u,eHTpaanaﬂ N3BUIMHA

nOCTLI,eHTpaJ'IbHaFI N3BUJIMHA

HuxHaa noGHas n3BuivHa,
NMoKpbILLIEYHAs YaCTb

MepenHasa nonepeyHas
BMCOYHAs N3BUMHA

MpeaueHTpanbHas U3BUIMHA

[ocTueHTpanbHasg U3BMaINHa

LLiInopHasa 60po3aa

OBuraTesibHas NpoekLUMoHHas 06nacTb
[BuratesibHas accoumatmeHas 061acTb
YyBCTBUTESIbHAs MPOEKLMOHHAas 061acTb
4yBCTBUTENbHAs accoumaTnBHas 061acTb
Clyx0oBasi MpoeKUMoHHasi 061acTb
CNyxoBasi accoumaTneHas 061acTb
3puTenbHas NpPoekuMoHHas 061acTb

DENCEENRE -

- 3puTenbHas accoumatmeHas 061acTb

Puc. 1.1. ®yHKIIMOHATBHBIE 30HBI KOPHI OOJBIIMX TOJYIIAPUN B COOTBETCTBUU C
knaccudukanueit ®épcrepa: A — Buz cieBa; b — By ¢ MeauaabHOM CTOPOHBI
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Anterior corticospinal Corticonuclear
tract; Ventral fibres
corticospinal tract

Lateral
corticospinal tract

Fig. 1.2. Somatopic organization of the cortical and spinal tract

originates from the smaller pyramidal and fusiform cells of Brodmann
20 areas 4 and 6. Axons derived from area 4 make up about 40% of all
pyramidal tract fibers; the remainder come from other frontal areas,
from areas 3, 2, and 1 of the parietal somatosensory cortex (sensorimo-
tor area), and from other areas in the parietal lobe (fig. 1.1). The motor
neurons of area 4 subserve fine, voluntary movement of the contralat-
eral half of the body; the pyramidal tract is, accordingly, crossed. Direct
electrical stimulation of area 4, as during a neurosurgical procedure,
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KopkoBO-aaepHbIe

[MNepenHuin KOPKOBO-
e P BOJIOKHA

CMMHHOMOS3rOBOW NyTb

JlaTepanbHbIil KOPKOBO-
CMWHHOMOS3IOBOW NyTb

Puc. 1.2. Comaroronuyeckasi OpraHu3alus KOPKOBO-CITMHHOMO3TOBbIX ITyTei

obutacteit 4 u 6 o bpoaMaHHy. AKCOHBI HEIPOHOB U3 00JacTu 4 cocTaBIsI-
10T okoJio 40% BcexX BOJIOKOH MUPAMUIHBIX MTyTEH, OCTAIbHBIC TIPUXOIST U3
JIPYTUX JIOOHBIX oOnacTeit — 3, 2 u | U3 TeMEeHHOI COMAaTOCEHCOPHO KOPBI
(ceHcoMoTOpHast 00J1acTh), a TAKXKE M3 JPYTrUX O0JacTeil TEMEHHOUW MOJn
(cm. puc. 1.1). MoToHeiipoHBI MUPAMUTHOTO MYTH TOAIEPXKUBAIOT TIPO-
MU3BOJIbHBIE NBVXKEHUs TTPOTUBOTIONOXHON TTOJOBUHBI Tejia MEepeKPEeCcTHO.
[Mpsimast anmekTpryeckast CTUMYJISIIIAS 001acTH 4, HAIIpUMep, BO BpeMs Hell-
POXUPYPTUYECKOTO BMEIIATEIbCTBA, KaK IMPaBWJIO, TTPUBOAUT K COKpalle-
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generally induces contraction of an individual muscle, while stimula-
tion of area 6 induces more complex and extensive movements, €. g., of
an entire upper or lower limb.

Corticospinal Tract (Pyramidal Tract)

This tract originates in the motor cortex and travels through the
cerebral white matter (corona radiata), the posterior limb of the internal
capsule (where the fibers lie very close together), the central portion
of the cerebral peduncle (crus cerebri), the pons, and the base (i.e., the
anterior portion) of the medulla, where the tract is externally evident as
a slight protrusion called the pyramid. The medullary pyramids (there
is one on either side) give the tract its name. At the lower end of the
medulla, 80—85% of the pyramidal fibers cross to the other side in
the so-called decussation of the pyramids. The fibers that do not cross
here descend the spinal cord in the ipsilateral anterior funiculus as
the anterior corticospinal tract; they cross farther down (usually at the
level of the segment that they supply) through the anterior commissure
of the spinal cord. At cervical and thoracic levels, there are probably
also a few fibers that remain uncrossed and innervate ipsilateral
motor neurons in the anterior horn, so that the nuchal and truncal
musculature receives a bilateral cortical innervation. The majority of
pyramidal tract fibers cross in the decussation of the pyramids, then
descend the spinal cord in the contralateral lateral funiculus as the
lateral corticospinal tract. This tract shrinks in cross-sectional area as
it travels down the cord, because some of its fibers terminate in each
segment along the way. About 90% of all pyramidal tract fibers end in
synapses onto interneurons, which then transmit the motor impulses
onward to the large a motor neurons of the anterior horn, as well as to
the smaller Yy motor neurons (fig. 1.3).

Corticonuclear (Corticobulbar) Tract

Some of the fibers of the pyramidal tract branch off from the main
mass of the tract as it passes through the midbrain and then take a more
dorsal course toward the motor cranial nerve nuclei. The fibers supply-
ing these brainstem nuclei are partly crossed and partly uncrossed. The
nuclei receiving pyramidal tract input are the ones that mediate vol-
untary movements of the cranial musculature through cranial nerves V
(the trigeminal nerve), VII (the facial nerve), IX, X, and XI (the glos-
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HUIO OTAEIbHOI MBIIIILIBI, B TO BPEMST KaK CTUMYJISILIUSI 00J1acTU 6 BbI3bIBa-
eT 0oJiee CJIOKHBIE M OOIIUPHbIE IBVXKEHUS BCell BEpXHEN MM HUKHEN KO-
HEYHOCTH.

KopkoBo-CNMHHOMO3roBoM NyThb (MMPaMUAHbIiA NYTb)

KopkoBo-cIMHHOMO3I0BO#i ITyTh HAYMHAETCS B MOMOPHOU KOpe N TIPOXOIUT
yepes benoe geulecmeo 20108H020 Mo3ea (TYYUCTBIA BEHELl), 3aHIOI0 HOXKY
eHympeHHell kancyabl (T1e BOJOKHA PACIIOI0XEHbBI OUeHb OJIM3KO0 IPYT K ApY-
I'y), LEHTPaJIbHYIO YacTh CTBOJIA MO3ra (HOXKHU MO3ra), Mocm U OCHOBaHUE
(T.e. TIepeaHIOIO YaCTh) 1P0001208aM020 M032a, TIE PACIIOI0XKEHO HEOOIbIIIOe
BBITISTYUMBAHUE, Ha3bIBaEMOE TIMpaMuIaMu. B HIDKHEM oTmesie IpomoJroBa-
Toro Mo3ra 80—85% nMupaMUIHBIX BOJIOKOH TIEPEXOISAT Ha IPYTYI0 CTOPOHY B
TaK Ha3bIBaEMOM nepekpecme nupamud. BookHa, KOTOpbIe He TIepeceKaroT-
csl 31eCh, CITyCKAIOTCS B CIMHHOM MO3T UIICUJIaTepajibHO B MepeaHeM KaHa-
TUKE, GOPMUPYST nepedrull KOPK0B8O-CHUHHOMO320801 Nymb, U OOBIYHO Tepe-
CEKalTCsl HUKe (Ha YpOBHE CETMEHTOB, KOTOpble MHHEPBUPYIOT) B Tepe-
Hell craiike ClMHHOTO Mo3ra. HekoTopbie BOJIOKHA Ha IIETHOM U TPYIHOM
YPOBHE He TIEPEKPEIINBAIOTCS U HA CBOCH CTOPOHE MHHEPBUPYIOT HEHPOHBI
TepeaHEero pora CIMHHOTO MO3Ta, B TO BpeMsI Kak siipa CTBOJIA MO3Ta U CKe-
JIETHBIE MBIIIIIHI TYJIOBHUIIA TTOTYYaloT ABYCTOPOHHIOI KOPKOBYIO MHHEPBA-
1M10. BOMBIIMHCTBO BOJIOKOH MUPaMMIHBIX MyTei MepeceKkaloTcsl B mepe-
KpecTe MUpaMuI, a 3aTeM CITyCKarTCs B CIIMHHOM MO3TI' B O0KOBOM KaHaTH-
K€ MPOTUBOIIOJOXKHOUM CTOPOHBI, 00pa3ysl 60K060il KOPKOEO-CNUHHOMO3208011
nyms. DTOT MyThb TTOCTETICHHO YMEHBIIIAeTCSl B IMaMETPe, TaK KaK B KaXKIOM
CerMeHTe 10 XOAy BHU3 Y4acTh BOJIOKOH okaHuMBaeTcst. Okoso 90% Bcex Bo-
JIOKOH MUPaMUIHBIX TyTel 3aKaHYMBAIOTCS B CMHAICAX Ha MPOMEXYTOU-
HBIX HElipoHaX, KOTOPBIE 3aTeM TIepenaloT IBUTATeIbHbBIE MMITYJIbCHI BIIEPE
K OOJIBIIINM Q-ABUTaTebHBIM HEpOHAM MEPEIHEro pora, a TakKe K He0OJIb-
LLIUM Y-IBUTaTeJIbHbIM HelipoHaMm (puc. 1.3).

KopkoBo-aaepHblii nyTb

YacTb BOJIOKOH IMMPAMUIHOTO IIYTU OTACISIETCSI OT OCHOBHOM MacChl, OHU
IIPOXOIAT Yepe3 CPeAHUI MO3T, 3aTeM HAIPAaBJISIIOTCSI JOpcalibHee K IBUIa-
TeJIbHBIM siIpaM YeperHbIX HepBOB. BojiokHa, BeayllKe K siipaM CTBOJIA MO3-
ra, YaCTUIHO TepeKpeInBaloTcs. Aapa MpHNMAIOT BOJIOKHA ITUPAMUITHOTO
TpaKTa, YJacTBYIOIINE B (POPMHUPOBAHUN TTPOU3BOJIBHBIX JBVKEHUWIA MBITIIL]
roJIOBbI 4epe3 yepenHble HepBbl: V (TpoitHuuHbIl HepB), VII (nuuesoit
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Precentral gyrus

Thalamus;
Dorsal thalamus

Corticonuclear tract

Mesencephalon; Midbrain

Corticonuclear tract

Corticonuclear tract

Myelencephalon;
Medulla oblongata; Bulb

Decussation of pyramids;
Motor decussation

Anterior corticospinal tract;

Ventral corticospinal tract Lateral corticospinal tract

Spinal cord

Fig. 1.3. The pyramid way, skrelkami shows the direction of movement of nerve impulses
(scheme)
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MpepueHTpanbHasa
N3BUINHA

Tanamyc

KopKOBO-A4epHbIN NyTb

CpeaHnii MO3r (NonepeyHbl paspes)

KopKOBO-A4epHbIN NyTb

MpoponrosaTbiii MO3r; 6ynbOyC
(nonepeyHbI paspes)

i
&Y
‘ MepekpecT nupamug;
a;. MOTOPHbI NEPEKPECT

MepenHnii KOPKOBO- JNaTepanbHblil KOPKOBO-
CMMHHOMOS3rOBOW NyTb CNNHHOMOS3roBOW NyTb

‘ |
A}
A}
A\l
C a2 CnyHHOWM MO3T (MonepeYHbIii pa3pes)

Puc. 1.3. ITupaMuaHbIii TyTh, CTpEJKaAMU MOKA3aHO HaIpaBJIeHUE IBWXKEHUS HEpPB-
HBIX UMITYJILCOB (Ccxema)
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sopharyngeal, vagus, and accessory nerves), and XII (the hypoglossal
nerve).

Corticomesencephalic tract

There is also a contingent of fibers traveling together with the corti-
conuclear tract that arises, not in areas 4 and 6, but rather in area 8, the
frontal eye field (figs. 1.1 and 1.3). The impulses in these fibers mediate
conjugate eye movements, which are a complex motor process. Because
of its special origin and function, the pathway originating in the frontal
eye fields has a separate name (the corticomesencephalic tract), though
most authors consider it a part of the corticonuclear tract. The corti-
comesencephalic tract runs in tandem with the pyramidal tract (just
rostral to it, in the posterior limb of the internal capsule) and then heads
dorsally toward the nuclei of the cranial nerves that mediate eye move-
ments, i.e., cranial nerves III, IV, and VI (the oculomotor, trochlear,
and abducens nerves). Area 8 innervates the eye muscles exclusively in
synergistic fashion, rather than individually. Stimulation of area 8 in-
duces conjugate gaze deviation to the opposite side. The fibers of the
corticomesencephalic tract do not terminate directly onto the motor
neurons of cranial nerve nuclei I11, IV, and VI.

Other Central Components of the Motor System

A number of central pathways beside the pyramidal tract play major
roles in the control of motor function (fig. 1.4). One important group
of fibers (the corticopontocerebellar tract) conveys information from
the cerebral cortex to the cerebellum, whose output in turn modulates
planned movements. Other fibers travel from the cortex to the basal
ganglia (mainly the corpus striatum = caudate nucleus and putamen),
the substantia nigra, the brainstem reticular formation, and other
nuclei (e. g., in the midbrain tectum). In each of these structures,
the impulses are processed and conveyed onward, via interneurons,
to efferent tracts that project to the motor neurons of the anterior
horn — the tectospinal, rubrospinal, reticulospinal, vestibulospinal,
and other tracts (fig. 1.5). These tracts enable the cerebellum, basal
ganglia, and brainstem motor nuclei to influence motor function in
the spinal cord.
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HepB), IX, X, XI (I3bIKOIJIOTOUHBINI, OJYXKIAIOLIUI M BCIIOMOTATeIbHbII
HepBbl) U XII (MOaBA3BIYHBIN HEPB).

KopkoBo-cpeaHemMo3roBoii myTh

COBMECTHO € KOPKOBO-CITMHHOMO3TOBBIM IyT€M HAIpaBJisieTcs] 4acTh
BOJIOKOH, MPOMUCXOISINKMX He U3 objacteil 4 u 6, a u3 obiactu 8 GpoH-
TajgbHOrO mojist a3 (cm. puc. 1.1 u 1.3). UMmynbCchl 3TUX BOJIOKOH 00e-
CIIEYMBAIOT CONPYKECTBEHHBIC NBUKEHUS TJIa3 — CIIOXKHBIN TBUTATEIbHBII
npouecc. M3-3a ocoObeHHOCTE MPOUCXOXACHUS U (PYHKUUN 3TOT MYTh,
HAYMHAIOIINICS B JIOOHBIX 00JIACTSX, MOJYYMJ OTHEIbHOE UMS (KOpK08o-
cpedHemMo32060i nymov), XOTs OOJBIIMHCTBO aBTOPOB CUMTAIOT €ro YacThlo
KOPKOBO-CITMHHOMO3TOBOTO MyTH. KOPKOBO-CpeTHEMO3TOBOI MyTh MPOX0-
T BMECTE C MUPAMUIHBIM MyTeM (TOJBKO POCTPAJbHO K HEMY, B 3aHEN
HOXKe BHYTPEHHEI KariCyJibl), a 3aTeM HampaBJsieTCsl JOPCATBHO K siipaM
YeperHbIX HEPBOB, KOTOPbIE OTBETCTBEHHBI 34 IBWXKEHUS IJ1a3, T.€. Yeper-
HeIX HepBoB 111, IV u VI (rmazonBurarenbHOro, 6JIOKOBOTO M OTBOJISIIIETO).
O6sacth 8 MHHEPBUPYET MBIIIILI TJ1a3 UCKIIOUUTEIBHO B CUHEpreThye-
CKOW CBSI3M, a HE MO OTAeAbHOCTU. CTUMYJISINS 00JIacTU § BBI3BIBAET CO-
JIPYXKeCTBEHHOE OTKJIOHEHUE TJIa3 B MPOTUBOIIOJIOXHYIO CTOpoHY. BosokHa
KOPKOBO-CPEIHEMO3TOBOTO IyTH HE TIEPEKITI0YAIOTCs HETTOCPEACTBEHHO Ha
JIBUTaTeJIbHbIE HEUPOHBI yepenHbix HepBoB saep 111, IV u VI.

Npyrue ueHTpanbHblie KOMNOHEHTbI ABUraTeNbHON CUCTEMDI

Hapsiny ¢ mupaMuIHBIMU TIyTSIMM B PETYJISILIMU IBUTATEIbHON (hyHK-
LMY BaXHYIO POJIb UTPAIOT HEKOTOPBIE IPYTHE LIEHTPaIbHbIE TTPOBOISIIINE
nytu (puc. 1.4). OgHa U3 3HAYMMBIX TPYII BOJOKOH (jajiece — KOPKOBO-
MOCTOMO3KE4KOBBIi MyTb) NiepeaaeT MHHOPMALMIO OT KOPbI TOJOBHOTO MO3-
ra K MO3Xe4Ky, KOTOPBIii, B CBOIO OUYepellb, MOIYJIMPYET ITPOU3BOJIbLHbBIC
IBIDKeHUs. [Ipyrre BoJIOKHA MepeMelIaroTcsl OT KOPhI K 0a3aIbHbIM TaHIJIM-
M (B OCHOBHOM K TI0JIOCATOMY TeJy, XBOCTATOMY SIIPY U CKOpJIyIe), 4ep-
HOMY BeIlleCTBY, PETUKYJISIPHOI (hOPMAIMU CTBOJIA TOJJOBHOTO MO3Tra M K Jpy-
UM siipaM (Kpblillla CpeaHero Mo3ra). B Kaxmnoii u3 3TuX CTpyKTyp UMITYJIb-
Cbhl 00pabaTHIBAIOTCS U TIEPEIAIOTCS Jajiee, C MOMOIIbIO BCTABOYHBIX HEHPO-
HOB, uepe3 3 depeHTHbIE TIYTH, Yepe3 JABUTaTeJbHbIC HEMPOHBI TIEPEeIHUX
POTOB CITMHHOTO MO3Ta Ha MOKPHIIIEYHO-CITMHHOMO3TOBO#, KPaCHOSIIEPHO-
CITMHHOMO3TOBOM, PEeTUKYJIOCITMHHOMO3TOBOM, BeCTUOYJIOCTTMHHOMO3TO-
Bol u apyrue mytH (puc. 1.5). DTi MyTH MO3BOJISIIOT MO3XKEUKY, 0a3aIbHBIM
TaHTJIASIM U SIIpaM CTBOJIA MO3Ta BIMSITH Ha IBUTATEIBHYIO (DYHKIIMIO CTIMH-
HOTO MO3ra.
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Parieto- Frontopontine tract
temporopantine tract / Corticospinal tract
Occipito- with extrapyramidal fibers

mesencephalic tract Thalamus

Putamen
and globus pallidus

Head of caudate nucleus

Tegmental nuclei

Red nucleus
Pontine nuclei Substantia nigra

From the cerebellum
(fastigial nucleus)

To the cerebellum

Reticular formation

\ Central
Lateral vestibular nucleus > i 4 tegmental tract

Inferior olive

Rubrospinal tract

Olivospinal tract Pyramid

Vestibulospinal tract Reticulospinal tract

Lateral Tectospinal tract

corticospinal tract

Anterior
corticospinal tract

Fig. 1.4. Brain structures involved in motor function and the descending tracts that
originate in them
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J1I06HO-MOCTOBOW NMyTb
TemMeHHO- YT

BUCOYHOMOCTOBOV NyTb

3aTblI04HO-
CpeHeMO3roBoOwn nyTb

KopTukocnuHasnbHble nyTr
C 9KCTPanMpaMmnaHbiMn BOJIOKHAMU

Tanamyc

Ckopnynau
OnepnHbIvi LWap

[onoBa xBOCTaTOro 9apa

A4pa NOKPbILLKK
KpacHoe sapo

Anpa mocTta ; YepHasa cybcTaHums

M3 mo3xeyka
(sopa watpa)

PeTtukynapHas
dopmauma

BokoBble

LleHTpanbHbIn
BECTUOYNSIpHbIE Aapa

NMOKPbILLIEYHbIN MyTb

HuxxHasa onvea

KpacHocnmHasbHbIN MyTb

ONVBOCNVHANBHBIV MYThb Mvpam1aa

BecTnbynocnvHasbHbIv NyTb PeTukynocnuHanbHbI NyTe

[MokpbILWeYyHo-
BoKOBOW KOPTUKO- CMUHHOMOS3rOBOW MyTb

CNUHAJIbHBIN MyTb

MepenHuin KOPTUKO-
CMVHaIbHbIV NyTb

Puc. 1.4. CtpyKTypbl MO3Ta, YJ4aCTBYIOIINE B OCYIIECTBIEHUU TBUTATEIILHOTO aKTa,
U HUCXO[SIINE TIPOBOISIIINE TIYTH, OepyIie Havallo B 3TUX CTPYKTypax
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Reticulospinal tract

Lateral corticospinal tract

Tectospinal tract
Olivospinal tract

Anterior
corticospinal tract

Rubrospinal tract

Descending
somatosensory fiber

from posterior root

Vestibulospinal tract

Semilunar fasciculus

Annulospinal fiber (la) (comma of Schultz)

Golgi fiber (Ib) /

AN

a-fiber \/
y-fiber

Fig. 1.5. Synapses of the descending motor tracts onto anterior horn neurons

Lateral and medial motor tracts in the spinal cord

The motor tracts in the spinal cord are anatomically and function-
ally segregated into two groups: a lateral group, comprising the corti-
cospinal and rubrospinal tracts, and a medial group, comprising the
reticulospinal, vestibulospinal, and tectospinal tracts (Kuypers, 1985).
The lateral tracts mainly project to the distal musculature (especially in
the upper limbs) and also make short propriospinal connections. They
are primarily responsible for voluntary movements of the forearms and
hands, i.e., for precise, highly differentiated, fine motor control. The
medial tracts, in contrast, innervate motor neurons lying more medially
in the anterior horn and make relatively long propriospinal connections.
They are primarily responsible for movements of the trunk and lower
limbs (stance and gait).
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JNaTepanbHbIil KOPKOBO- PeTunkynocnuHanbHbIi NyTb
CMWHHOMOS3IOBOW NyTb

[MOKPbLILLEYHO-MOCTOBOW NyTb

ONMBOCNUHHOMO3rOBOM nyTb

KpacHocnuHasbHbIN NyTb CNUHAJIbHBIN MYTb

o Hucxopawme comarto-
CEHCOpPHbIE BOSIOKHA OT

BecTtnbynocnuHanbHbIv NyTh
3a4Hero KopeLuka

V o MepenHuin KOPTUKO-
|
|

AHHYNocnnHanbHOE BOJIOKHO

BonokHa lonbaxm /

BonokHa Lynbua

)/

f

% 0.-BOJIOKHA \

Y-BOJIOKHA

Puc. 1.5. Cunamncel, o6pazyeMble ABUTATETbHBIMU HUCXOISIIMMU ITyTSIMA HAa HEMpPO-
Hax MepeaHuX poroB CIMHHOIO MO3Tra

JlaTrepasibHblii U MeIHAJIbHBII TBUTATE/IbHBIE yTH CITMHHOTO MO3Ta

JBurareibHble IyTU B CHMHHOM MO3re aHATOMUYECKU U (PYHKIIMOHAJIb-
HO pazzeneHsl Ha nBe rpymnmsl (Kuypers, 1985):

e jlaTepasibHasI TpyIIna:

— KOPKOBO-CITMHHOMO3TOBOIA;
— KpacHOSIIEPHO-CITMHHOMO3IOBOIA;

e MeauaibHAas IpyIINa:

— PETUKYJIOCIIMHHOMO3TOBOM;
— BeCTUOYJOCTMHHOMO3TOBOIA;
— TIOKPBIIIEYHO-CITMUHHOMO3TOBOIA.

JlaTepanbHasi rpymia nyTeii B OCHOBHOM OTBEYaeT 3a AUCTaJIbHO pacIio-
JIOKEHHBIE MBIIIIBI (0COOEHHO BEPXHUX KOHEUHOCTE ), a TAKXKe (DOPMUPYET
KOPOTKUE MPOINPUOCIMHAIbHBIE coeauHeHnss. OHU MPEeUMYLIECTBEHHO OT-
BETCTBEHHBI 32 MPOU3BOJIbHBIE NBVXKEHUS TIPENIICYUid U KUCTeil pyK, T.e.
TOYHOE, BBICOKOAM(MGhEPESHIIMPOBAHHOE, TOHKOE yIpaBIeHUE MOTOPUKON.



32

Chapter 1. Reflexes, Motion and Syndromes

Lesions of central motor pathways pathogenesis of central spastic
paresis

In the acute phase of a lesion of the corticospinal tract, the deep
tendon reflexes are hypoactive and there is flaccid weakness of the
muscles. The reflexes return a few days or weeks later and become
hyperactive, because the muscle spindles respond more sensitively
to stretch than normal, particularly in the upper limb flexors and the
lower limb extensors. This hypersensitivity is due to a loss of descending
central inhibitory control of the fusimotor cells (y motor neurons)
that innervate the muscle spindles. The intrafusal muscle fibers are,
therefore, permanently activated (prestretched) and respond more
readily than normal to further stretching of the muscle. A disturbance
of the regulatory circuit for muscle length probably occurs, in which the
upper limb flexors and lower limb extensors are set to an abnormally
short target length. The result is spastic increased tone and hyperreflexia,
as well as so-called pyramidal tract signs and clonus. Among the
pyramidal tract signs are certain well-known findings in the fingers
and toes, such as the Babinski sign (tonic extension of the big toe in
response to stroking of the sole of the foot). Spastic paresis is always due
to a lesion of the central nervous system (brain and/or spinal cord) and
is more pronounced when both the lateral and the medial descending
tracts are damaged (e. g., in a spinal cord lesion). The pathophysiology
of spasticity is still poorly understood, but the accessory motor pathways
clearly play an important role, because an isolated, purely cortical
lesion does not cause spasticity.

Syndrome of central spastic paresis

This syndrome consists of:

e diminished muscular strength and impaired fine motor control;
e spastic increased tone;

e abnormally brisk stretch reflexes, possibly with clonus;

e hypoactivity or absence of exteroceptive reflexes (abdominal, plantar,

and cremasteric reflexes);
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MenunanbHO pacnoloXeHHbIE TPOBOMSIINE MTyTH, HATPOTUB, UHHEPBUPYIOT
MOTOHEHPOHBI, Jiexallue 0ojee MeAuaabHO B MEPEIHUX POrax CIIMHHOIO
Mo3ra, U (hOpMUPYIOT CPAaBHUTEIBHO UIMHHBIE MMPONPUOCIIMHAIBHBIE COe-
nuHeHusi. OHU B TIEPBYIO Oo4epelb OTBETCTBEHHBI 3a IBUKEHUS TYJIOBUILA U
HIKHUX KOHEYHOCTE! (no3uyus 1 noxooka).

ITopakeHns1 EHTPAJIBHOIO 3B€HA JBUTATEILHBIX MPOBOIAIINX MyTel, IPH-
BOJISIIME K IIEHTPAJBHOMY CIACTHYECKOMY Mape3y

B ocTpoii dhasze nmopaxeHus KOpPKOBO-CITMHHOMO3TOBOTO TTyTH TJIyOOKUe
CYXOXWIIbHBIE peIeKChl CHIDKEHBI M BBISIBIISIOT C1ad0CcTh MBI Yepes
HECKOJIBKO THEW WU Helesb pedaeKChl CTAHOBITCS 60J1ee BhIPa)KeHHBIMU,
TMOTOMY YTO MbIIIIEUHbIE BEPETEHA CUJIbHEE PearnpyroT Ha pacTsLKeHre, 0Co-
OCHHO B BEpXHMX CrubaTessiX KOHEUHOCTEN 1 pa3rubaTessiX HUXKHUX KOHEeY -
HOCTEi. DTO MPOUCXOIUT U3-3a MOBBIIEHHON YyBCTBUTEIbHOCTU U IOTEPU
HUCXOMSIIETr0 LIEHTPAJTbHOTO WHTUOUPYIOLIETO KOHTPOJIsI (DY3MMOTOPHBIX
KJIETOK (y-IBUTATEIbHBIX HEMPOHOB), KOTOPBIE BO30YXKIIAIOT MBIIICUHBIC BE-
pereHa. MHTpady3aabHbIe MBIIICYHBIC BOJIOKHA, TAKMM 00pa30M, ITOCTOSTH-
HO 3a7eiCTBOBAHHI (TIpEeABAPUTEIIFHO PACTSIHYTHI) M pearupyroT 0oJIee JIeTKO,
YeM OOBITHEIC, TIPY JaTbHEHIIIeM pacTsskeHNU MBI, Hapyirenue perymm-
PYIOIIEH CXEMBI IJIS IJTMHBI MBIIIIIIEI, BEPOSITHO, IIPOUCXOIUT B BEPXHUX CTH -
0aTeNsiX U HUDKHUX pa3rubdartesisix KoHeuHocTel. Pesynbrat — cnacmuueckoe
nosviuieHue monyca i euneppegiekcus, a Takke TaK Ha3blBaeMble MPU3HAKU
nopascenuss nupamudnoeo mpakma M Kaonyc. Cpeay MpU3HAKOB MOPAKEHMS
MUPaMUIHOIO MyTH — TaKUe XOPOIIO U3BECTHBIC NMPU3HAKU, KaK CUMIITOM
babuHckoro (ToHMYecKoe pa3rudaHue 00JbIIOro Najablia B OTBET Ha IITPU-
XOBO€ pasfapaXeHHe MOAOIIBLI CTombl). CracTUYeCKUil Tlape3 pa3BUBaeTCs
MpY MOPAXKEHUH LIEHTPAJIbHOTO OTAea TMPAMUIHOTO MyTU [Ha YPOBHE TO-
JIOBHOTO M (MJIM) CIMHHOTO MO3ra]| 1 00Jjiee BRIPaKeH IIPU OMHOBPEMEHHOM
MMOBPEXICHUN JaTepaTbHBIX M MEOUATbHBIX HUCXOIAIIUX ITyTeil (T.e. TIpU
TMOBPEXIEHNU CITMHHOTO MOo3ra). [laTodusnonorus cnacTuaeckoro napesa
JIO CHIX TIOp MaJIO U3y4eHa, OIHAKO 8CHOMO2amenbHble 08UeamenbHble P00 -
wue nymu, 6e3yClIOBHO, UTPAIOT BaXKHYIO POJIb, TaK KaK IMPU M30JIMPOBAHHOM
TIOpaKeHNH KOPHI TOJIOBHOTO MO3Ta CITACTUYHOCTH HE BO3HUKAET.

CuHapoM LeHTpanbHOro (cnacTM4eckoro) napesa

o CHIXKEHME MBILIEYHOM CUJIBI M HAPYILIEHUE YIIPABIeHUs IBUKEHUSIMU.

e CriaCTUYECKM MOBBIILIEHHbII TOHYC.

® AHOMAJIBHO OKMBJIEHHBIE CYXOXWIbHBIE pe(IEKChI, BO3MOXKHO, C KJIO-
HYCOM.
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e pathological reflexes (Babinski, Oppenheim, Gordon, and Mendel-
Bekhterev reflexes, as well as disinhibition of the flight response);

e preserved muscle bulk (initially).

Localization of Lesions in the Central Motor System

A lesion involving the cerebral cortex (a in fig. 1.6), such as a tumor,
an infarct, or a traumatic injury, causes weakness of part of the body on
the opposite side. Hemiparesis is seen in the face and hand (brachiofa-
cial weakness) more frequently than elsewhere, because these parts of
the body have a large cortical representation. The typical clinical finding
associated with a lesion in site (a) is a predominantly distal paresis of the
upper limb, most serious functional consequence of which is an impair-
ment of fine motor control. The weakness is incomplete (paresis rather
than plegia), and it is flaccid, rather than spastic, because the accessory
(non-pyramidal) motor pathways are largely spared. An irritative lesion
at site (a) can cause focal (Jacksonian) seizures (which are described
further in neurology textbooks).

If the internal capsule (b in fig. 1.6) is involved (e.g., by haemor-
rhage or ischemia), there will be a confralateral spastic hemiplegia —
lesions at this level affect both pyramidal and nonpyramidal fibers,
because fibers of the two types are in close proximity here. The corti-
conuclear tract is involved as well, so that a contralateral facial palsy
results, perhaps accompanied by a central hypoglossal nerve palsy. No
other cranial nerve deficits are seen, however, because the remaining
motor cranial nerve nuclei are bilaterally innervated. The contralateral
paresis is flaccid at first (in the “shock phase”) but becomes spastic
within hours or days because of concomitant damage to nonpyrami-
dal fibers. Lesions at the level of the cerebral peduncle (c in fig. 1.6),
such as a vascular process, a haemorrhage, or a tumor, produce con-
tralateral spastic hemiparesis, possibly accompanied by an ipsilateral
oculomotor nerve palsy.

Pontine lesions involving the pyramidal tract (d in fig. 1.6; e.g., a
tumor, brainstem ischemia, a haemorrhage) cause contralateral or
possibly bilateral hemiparesis. Typically, not all of the fibers of the py-
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e CHUXKEHUE WM OTCYTCTBME 3KCTEPOLIENTUMBHBIX pediekcoB (Oproli-
HbIX, IOAOIIBEHHBIX ¥ KPEMACTEPHOI'0).

e [Tatonornueckue pedaekcol (badbuHckoro, Onmenreiima, ['opmoHa u
bextepeBa—MeHnnens).

e CoxpaHeH1e MBIIIEYHOI MacChl (Ha HAYaJIbHOM JTarie).

MopaxeHusa LeHTPanbLHOro oTAeNa NUPaMUAHONo NyTH

[MopaxkeHus1, BOBIIEKAOIIKEe KOPY F0JOBHOro Mo3ra (puc. 1.6, a) B pe3yib-
TaTe pa3BUTHUS OIYXOJIM, MH(APKTa MU TPAaBMAaTHMUECKOTO MOBPEXKICHUS,
BBI3BIBAIOT CJIA0OCTh YacTH Tejla Ha IPOTUBOIOJIOXKHOM cTopoHe. ['emura-
pe3 BUACH B pyKax M B MbILILAX Julia (bpaxuouedanbHas c1a00CThb) Yalle,
YyeM B IPYTUX MecTaX, TaK KaK 3TU YacTH Teja IMpeACcTaBIeHbI B KOPE rOJIOB-
HOro Mo3ra 0oJjiee OOIIMPHBIMU Y4acTKaMM. THUMMYHAs KIMHUYECKAs Ha-
XOJIKa, CBSI3aHHAsI C MopaxeHueMm B MecTe (a), — MPEeUMYIECTBEHHO THUC-
TaJIbHBII IIape3 BepXHeil KOHEYHOCTH, HauboJjiee Cepbe3HbIM (DYHKIIMOHAIb-
HBIM CJIEZICTBMEM KOTOPOTO SIBJISIETCS HAPYIIIEHUE IBUTATETbHOTO KOHTPOJIS.
CabocTh MpM 3TOM HeToJiHas (Tlapes, a He ruierust). Pasnpaxaroiiee mopa-
>KEHHE B yJacTKe (a) MOKET BBI3bIBAaTh OUAroBhIe (I;KEKCOHOBCKHME) IMIPUITAI-
KU, KOTOPHIE OIKMCAHbBI B y4eOHUKAX HEBPOJIOTUU.

Ecnu BHyTpeHHss kancyaa (puc. 1.6, b) mopaxeHa (ITpu KpOBOUBIUSIHUN
WM  WIIEMMHM), Pa3BUBACTCI  KOHMPAAAMEPAAbHAs — CHACIUYECKas
eemunieeuss — TOPaXKeHUE Ha 3TOM YPOBHE BIIMSIET KaK Ha IMpPaMUIHEIE,
TaK M Ha HeNMpaMMIHbIC BOJIOKHA, TaK KaK BOJIOKHA JBYX THUIIOB 3I€Ch
PACHOJIOXEHBI IUIOTHO U 6;113K0. KOPKOBO-SIIepHBII MYTh TAKXKE YYaCTBYET,
B pe3yjbraTe KOHTpajaTepajJbHO BO3HMUKAET Iapajuy JIMLEBOrO HepBa,
MHOTIA B COYETAHUM C LIEHTPaJbHBIM IapaJMuoM MOAbSI3bIMHOIO HEpBa.
[Mpu3HaKoB MoOpaXkeHWsT APYTMX YEPEITHBIX HEPBOB HE OOHAPYXKMBAIOT,
TaK KakK OCTaBIIMeCS JABUTATEJIbHBIE sIIpa YEpEerHBIX HEPBOB WMEIOT
JIBYyCTOpOHHIOIO MHHepBalnio. KoHTpanarepanbHbIi Tape3 cHavyaia BsUIbINA
(B 1II0KOBOI1 (ha3e), HO CTAHOBUTCSI CIACTUYECKUM B T€UEHUE HECKOJIBKUX
YacoB WJIM JTHEM M3-3a COIYTCTBYIOLIEIO IMOBPEXICHUs HEIMMpPaMUIHbBIX
BOJIOKOH. Ouary mopaKeHusI Ha ypOBHE HOXKEK roJIoBHOro Mo3ra ( puc. 1.6, c),
TaKHe KaK COCYIMCTBIN MPOLEeCC, KPOBOM3IUSIHUS WU OIYXOJIU, BbI3bIBAIOT
KOHTpaJlaTepaJIbHbII cnacmuueckuii eemunapes, THOTIa COIPOBOXIAIOIINIACS
MapajnyoM [JIa30[4BUraTeIbHOIO HEPBA HA CTOPOHE MOPAXKEHMUSI.

ITopaxenuss MOCTa C BOBJIeYUeHUEM MUPAMUIHOTrO TpakTa (puc. 1.6, d), Ha-
IIPUMeEp OITYXOJIb, UIIEMUSI CTBOJIA TOJIOBHOIO MO3Ta, KPOBOU3IUSIHUE, BbI3bI-
BaIOT KOHMPAAAMEPAAbHbLI ceMUnape3 ViIi THOTIIA — 08YCMOPOHHULL 2eMUunapes.
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Upper limb Lower limb Temporopontine

Lower limb

Upper limb

Pyramidal tract

Frontopontine

Internal

capsule Frontothalamic

Temporopontine

Parieto-
pontine

Occipitopontine

Frontopontine

Cerebral
peduncle

Rubrospinal
and tectospinal

and
tectospinal tracts

Fig. 1.6. Sites of potential lesions of the pyramidal tract
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BepxHsas HuxHas
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Puc. 1.6. PaznuuHbie ypoBHM MOpaXkeHUs TUPAMUIHOTO MyTH
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ramidal tract are involved, because its fibers are spread over a wider
cross-sectional area at the pontine level than elsewhere (e.g., at the level
of the internal capsule). Fibers innervating the facial and hypoglossal
nuclei have already moved to a more dorsal position before reaching
this level; thus, an accompanying central facial or hypoglossal palsy is
rare, though there may be an accompanying ipsilateral trigeminal nerve
deficit or abducens palsy.

A lesion of the medullary pyramid (¢ in fig. 1.6; usually a tumor) can
damage the pyramidal tract fibers in isolation, as the nonpyramidal fib-
ers are further dorsal at this level. Flaccid contralateral hemiparesis is a
possible result. The weakness is less than total (i.e., paresis rather than
plegia), because the remaining descending pathways are preserved.

Lesions of the pyramidal tract in the spinal cord

A lesion affecting the pyramidal tract at a cervical level (f fig. 1.6;
e.g., a tumor, myelitis, trauma) causes ipsilateral spastic hemiplegia: ip-
silateral because the tract has already crossed at a higher level, and spas-
tic because it contains nonpyramidal as well as pyramidal fibers at this
level. A bilateral lesion in the upper cervical spinal cord can cause quad-
riparesis or quadriplegia. A lesion affecting the pyramidal tract in the
thoracic spinal cord (g in fig. 1.6; e.g., trauma, myelitis) causes spastic
ipsilateral monoplegia of the lower limb. Bilateral involvement causes
paraplegia.

PERIPHERAL COMPONENTS
OF THE MOTOR SYSTEM AND CLINICAL
SYNDROMES OF LESIONS AFFECTING THEM

The peripheral portion of the motor system comprises the motor
cranial nerve nuclei of the brainstem, the motor anterior horn cells of
the spinal cord, the anterior roots, the cervical and lumbosacral nerve
plexuses, the peripheral nerves, and the motor end plates in skeletal
muscle.

Anterior horn cells (o and 'y motor neurons)
The fibers not only of the pyramidal tract but also of the nonpy-
ramidal descending pathways (the reticulospinal, tectospinal, vestibu-
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Kaxk mpaBuiio, He Bce BOJIOKHA MMPAMUIHOIO TpaKTa ITOPaXKaloTcs, TakK Kak
Ha YPOBHE MOCTa BOJIOKHA paccpelloTOYeHbI Ha 0oJjiee OOIIMPHOI TIIOMann
(B oTIIMIUME, HATIPUMED, OT YPOBHS BHYTPEHHEH Karicyibl). BookHa, mHHEp-
BUPYIOILME siipa JIMIEBOTO Y MOIbS3bIYHOIO HEPBOB, J0 JOCTUKEHUS 3TO-
IO YPOBHSI YK€ pacIiooXeHbI JopcajibHee. Takum o0pa3oM, LIEHTpaIbHBII
mape3 JMIIEBOTO MM TTOOBSI3IYHOTO HEPBOB COIPOBOXIACT MOpakeHNEe Ha
3TOM YPOBHE PEIIKO, B TO K€ BpeMsI Ha CTOPOHE OYara BO3MOXXHbI HapYILIEHUsI
(yHKIMI TPOMHUYHOTO HEepBa WX Mapaiud OTBOISILEro HepBa.

INopaxkeHre nupaMUaBI IPOIOJroBaToro Mo3ra (puc. 1.6, €), Kak rmpaBuJio,
OITyXOJIb, MOXET IPUBECTH K M30JIMPOBAHHOMY ITOBPEKICHUIO BOJIOKOH ITH-
paMUIHBIX IYTeil, TaK KaK HEMUPaMUIHbIC BOJIOKHA PACIIOJIOXEHbBI 3HAUYM-
TEJILHO JIOpCaJIbHEEe Ha 3TOM YpPOBHE. BO3MOXHBIN pe3yIbTaT — 6s1blil KOH-
mpanamepanvhbiii eemunape3. CnadoCTb BbIpaskeHa B MEHBIIEH cTereHH (T.e.
rapesbl, a He IJIeTHsl ), TaK KaK OCTaJIbHbIe HUCXOASIIUE IIYTU COXPAHSIIOTCS.

IToBpekneHusi MUPAMUIHOTO IYTH B CIIMHHOM MO3T€

[TopaxkeHue MUpaMUIHOIO IyTH Ha LIeiHOM ypoBHe (puc. 1.6, f), Hanpu-
Mep OIlyXOJib, OCTEOMMEJIUT, TPABMa, BbI3bIBAET CHACMUUECKYIO 2eMUNACUIO
Ha CTOpPOHE mopaxeHusi. Ha cTopoHe rmopaxeHust — IOTOMY YTO IIEPeKpecT
MyTeil pacroioXeH Ha 0oJiee BHICOKOM YPOBHE, 1 CITACTUYECKUIT — ITOTOMY
YTO Ha 3TOM YpOBHE ITyTh COAEPXUT M HEMMMpPaMUIHBIC BOJOKHA, W MHUpa-
MUIHbIE. [IByCTOpOHHEe MMopaxKeHue B BEpXHEM ILISHHOM OTAe/Ie CIIMHHOIO
MO3ra MOXeT IIPUBECTH K TeTparuiernu. IlopaxeHue MUpaMUIHOTO TpaKTa
Ha ypOBHE IPYIHOrO OTAeja CIIMHHOTO Mo3ra (puc. 1.6, g), Hanpumep TpaB-
Ma, MUEJIUT, BbI3bIBACT CHACTUYECKYI0 MOHOILICIMIO HMXHEH KOHEYHOCTH
Ha CTOpOHE IopaxkeHus. JIByCTOpOHHEee MopaxKeHKe BbI3bIBACT IMaparlieruio.

NEPUPGEPNYHECKUE KOMMOHEHTDI
NABUTATENIbHOW CUCTEMbI U KIINHW4ECKWE
CUHAPOMbI NX NOBPEXAEHUA

[Mepudeprueckast yacTb OMOPHO-ABUTATEBHOTO amapaTa BKJIIOYAET B
ce0s IBUTATEIbHbBIE SApa YePEITHbIX HEPBOB CTBOJIA TOJJOBHOTO MO3ra, JBU-
raTejibHble KJIETKU MEePEIHUX POTOB CIIMHHOTO MO3Ta, MepeIHue KOPELIKH,
LIEHHOE U MOSICHUYHO-KPECTIIOBOE HEPBHbBIE CIUIETEHUsI, NepudepruiecKue
HEPBBI U IBUTATEJIbHBIE BOJIOKHA B CKEJIETHBIX MBILIIIAX.

Kierku nepeqHux poroB CHMUHHOIO M03ra (0~ U Y-MOTOHEPOHBI)

BosiokHa He TOJIbKO MUPAMUIHOTO MYTH, HO Y HEMMUPAMUAHbBIX HUCXO/ISI-
KX MyTeN (PETUKYTOCHTUHHOMO3TOBOTO, TOKPBIIIEYHO-CTUHHOMO3TOBOTO,
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lospinal, and rubrospinal tracts, among others), as well as afferent fibers
from the posterior roots, terminate on the cell bodies or dendrites of
the larger and smaller a motor neurons. Fibers of all of these types also
make synaptic contact with the small y motor neurons, partly directly,
and partly through intervening interneurons and the association and
commissural neurons of the intrinsic neuronal apparatus of the spinal
cord (fig. 3.6). Some of these synapses are excitatory, others inhibitory.
The thin, unmyelinated neurites of the y motor neurons innervate the
intrafusal muscle fibers. In contrast to the pseudounipolar neurons of
the spinal ganglia, the anterior horn cells are multipolar. Their dendrites
receive synaptic contact from a wide variety of afferent and efferent sys-
tems (fig. 3.6). The functional groups and nuclear columns of neurons
in the anterior horn are not separated from one another by anatomically
discernible borders. In the cervical spinal cord, the motor neurons for
the upper limbs lie in the lateral portion of the gray matter of the ante-
rior horn; those for the truncal muscles lie in its medial portion. The
same somatotopic principle applies in the lumbar spinal cord, where the
lower limbs are represented laterally, the trunk medially.

Inhibition of anterior horn cells by Renshaw cells.

Among the various types of interneurons of the anterior horn, the
Renshaw cells deserve special mention. These small cells receive syn-
aptic contact from collateral axons of the large o motor neurons. Their
axons then project back onto the anterior horn cells and inhibit their
activity. Renshaw inhibition is an example of a spinal negative feedback
loop that stabilizes the activity of motor neurons.

Anterior roots. The neurites of the motor neurons exit the anterior
aspect of the spinal cord as rootlets (fila radicularia) and join together,
forming the anterior roots. Each anterior root joins the corresponding
posterior root just distal to the dorsal root ganglion to form a spinal
nerve, which then exits the spinal canal through the intervertebral fo-
ramen.

Peripheral nerve and motor end plate. There is one pair of spinal
nerves for each segment of the body. The spinal nerves contain afferent
somatosensory fibers, efferent somatic motor fibers, efferent autonomic
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BECTUOYJTIOCTMHHOMO3TOBOTO U KPACHOSIIEPHO-CITMHHOMO3TOBOT0), a TaK-
ke adppepeHTHBIC BOJIOKHA OT 3aJHMX KOPEIIKOB 3aKaHUYMBAIOTCST Ha Telax
WM OeHAPUTAX OOJBbIIMX U MalbIX O.-MOTOHEeHpOHOB. BojoKkHa Bcex 3TUX
TUIIOB COEIMHSIOTCS CHMHAIICAMM C MaJIbIMM Y-MOTOHEMpPOHAMM KaK HENo-
CPEACTBEHHO, TaK U Yepe3 MHTEPHEeNPOHbI, BCTABOYHbIC U CITa€UHbIC Heil-
POHBI BHYTPEHHETO HEMPOHAILHOIO allfapara CIIMHHOro Mosra (puc. 1.6).
HexkoTopble U3 3TUX CUHAMCOB BO30Y:KAAIOIIME, IPYTue — TOPMO3HbIe. TOH-
KWE HEMUEJMHU3MPOBAHHBIE BOJOKHA 3TUX Y-MOTOHEMPOHOB MHHEPBUPY-
10T UHTpady3aJIbHbIE MbIIIIEUHbIE BOJIOKHA. B oT/IMumMe OT mceBIOyHUMOJISIp-
HBIX HEMPOHOB CIIMHHOMO3IOBbBIX FAHTJIMEB, KJIETKM IEepeIHEero pora MHO-
ronoisipHbie. MIX neHApUTHl COeAMHEHbI CUHANICAaMM ¢ MHOXeCTBOM adde-
PEHTHBIX 1 3 PepeHTHBIX cucTeM (cM. puc. 1.6). DyHKIMOHATbHBIE TPYIIIIbI
U SIIEpHbIC KOJJOHHBI HEPOHOB MePeIHET0 pora CIMHHOTO MO3ra He OTaee-
HBI IPYT OT ApYyra aHaTOMUYECKU Pa3IMUYMMbIMU I'paHuLIaMU. B meitHoM oT-
JieJie CITMHHOTO MO3ra MOTOHEMPOHBI TSI MBILIL] BEPXHUX KOHEUHOCTEN Jie-
KaT B OOKOBOI 4aCTU CEPOTO BEIIECTBA MEPEAHETO POra, IS MBILIILL TYJIO-
BUIIIA — B €ro cpeaHeit yacTu. TOT xKe caMblii TPUHLIMIT IPUMEHUM COMaTO-
TOMUYECKHU B TIOSICHUYHOM OTJIeJIe CTMHHOTO MO3ra: HeMpOHbI, UHHEPBUPY-
IOIII1€ MBILILIbI HUXKHUX KOHEUHOCTEN, pacIONOXEHbI JIaTepaJbHO, MBILIILIbI
TYJIOBUIIA — MEAUATBHO.

VrHeTeHHe KJIE€TOK MepeIHInX POroB CIMHHOTO MO3ra KjieTkamu Penino

Cpenn pa3TUYHBIX TUTIOB BCTABOUYHBIX HEMPOHOB MEPEIHETO pora CITH-
HOro Mo3ra KjeTKM PeHillo 3aciy>XnBaloT 0coO0ro pacCMOTpeHus. DTU Ma-
JICHbKHE KJIETKU 00pa3yloT CUHATICHI C KOJJIATEPaTbHbIMU aKCOHAMU OOJIb-
IIKUX 0.-MOTOHEeHPOoHOB. X aKCOHBI 3aTeM 3aMbIKAIOTCSI 00paTHO Ha KJIETKU
MepeaHUX POroB CIIMHHOTO MO3Ta 1 MOJABSIOT UX aKTUBHOCTb. MHIrnoupo-
BaHMe KJIeTKaMM PeHIllo — mpuMep oTpuliaTeIbHOI 0OpaTHON CBS3M, CTa-
OUJIM3KMpYIOlLel aKTUBHOCTb JIBUTATEIbHbBIX HEMPOHOB.

Ilepennne Kopemku

[TepeaHue Kopelku ABUraTeIbHbIX HEHPOHOB BBIXOMST U3 MEPEAHEN TT0-
BEPXHOCTU CIIMHHOTO Mo3ra. Kaxnplii mepeIHuii KOpeloK MprucoeIuHsIETCs
K 3aJHEMY KOpEILIKY JUCTaJbHO MO OTHOIIEHUIO K YYBCTBUTEIbHOMY Y371y
CIIMHHOMO3I'OBOTI'0 M'aHIJIMS, YTOOBI C(hOPMUPOBATh CITMHHOMO3IOBOI HEPB,
KOTOPBIN 3aT€M BBIXOAUT U3 MO3BOHOYHOTO KaHajia 4yepe3 MeXIT03BOHKOBOE
OTBEpCTHUE.

Ilepudepuyeckue HepBbl U HEPBHO-MbIIIEYHbIE CHHATICHI

CylecTByeT ofHa mapa CIIMHHOMO3TOBBIX HEPBOB ISl KaXIOro cer-
MeHTa Tejla. CITMHHOMO3TOBEIE HEPBBI comepkaT acdGepeHTHBIE COMAaTO-
CEHCOpHBIE BOJIOKHA, 3(h(hepeHTHbIe COMaTUUYEeCKUE MOTOPHBIE BOJIOKHA,
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fibers from the lateral horns of the spinal gray matter, and afferent auto-
nomic fibers. At cervical and lumbosacral levels, the spinal nerves join
to form the nerve plexuses, which, in turn, give rise to the peripheral
nerves that innervate the musculature of the neck and limbs. The thick,
myelinated, rapidly conducting neurites of the large o motor neurons
are called al fibers. These fibers travel to the working musculature,
where they divide into a highly variable number of branches that ter-
minate on muscle fibers. Synaptic impulse transmission occurs at the
neuromuscular junctions (motor end plates).

Motor unit

An anterior horn cell, its neurites, and the muscle fibers it inner-
vates are collectively termed a motor unit (Sherrington). Each motor
unit constitutes the final common pathway for movement-related im-
pulses arriving at the anterior horn cell from higher levels: its activity is
influenced by impulses in a wide variety of motor tracts that originate
in different areas of the brain, as well as by impulses derived from in-
trasegmental and intersegmental reflex neurons of the spinal cord. All of
these movement-related impulses are integrated in the motor unit, and
the result of this integration is transmitted to the muscle fibers. Mus-
cles participating in finely differentiated movements are supplied by a
large number of anterior horn cells, each of which innervates only a few
(5—20) muscle fibers; such muscles are thus composed of small mo-
tor units. In contrast, large muscles that contract in relatively undiffer-
entiated fashion, such as the gluteal muscles, are supplied by relatively
few anterior horn cells, each of which innervates 100—500 muscle fibers
(large motor units).

Clinical Syndromes of Motor Unit Lesions

Flaccid paralysis is caused by interruption of motor units at any site,
be it in the anterior horn, one or more anterior roots, a nerve plexus,
or a peripheral nerve. Motor unit damage cuts off the muscle fibers in
the motor unit from both voluntary and reflex innervation. The affected
muscles are extremely weak (plegic), and there is a marked diminu-
tion of muscle tone (hyporonia), as well as a loss of reflexes (areflexia)
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a(depeHTHbIe BereTaTuBHbIE BOJOKHA M3 OOKOBBIX POrOB CIIMHHOTO CEpOo-
ro BelllecTBa, a Takxke ad¢epeHTHbIe BereTaTuBHbIe BoJoKHa. Ha meitHom
U TIOSICHUYHO-KPECTIIOBOM YPOBHSIX CITMHHOMO3TOBbIE HEPBBI COCAMHSIOT-
cs1, 00pasysl HepBHBIE CIUIETEHUSI, KOTOPbIE, B CBOIO ouepe/b, MIPUBOIAT K
(bopmupoBaHuto nepudeprIecKux HEPBOB, MHHEPBUPYIOLINX MYCKYIaTypy
ey U KOHeYHOCTe#. ToscThie, MUETMHOBBIE, OBICTPO TIPOBOISIIINE HEPBHI
U3 GOJIBLINX (-MOTOPHBIX HEHPOHOB Ha3bIBAIOTCA (L -BOJOKHAMU. DTH BO-
JIOKHA HaIIpaBJISTIOTCS B pab0YyIO MYCKYJIaTypy, T/ OHU IeJISITCSI Ha HEOOb-
110€ KOJIMYECTBO BETBEI, KOTOPbIe OKAHYMBAIOTCS HA MBILIIEYHBIX BOJOKHAX.
[Mepenavya cuHaNTUYECKUX UMITYJIbCOB MPOUCXOIUT B HEPBHO-MBIILIEUHBIX
COEJIMHEHMSIX (IBUTaTeIbHbIE KOHIIEBbIE MJIACTUHKU).

JIBurarejbHas e JMHHIA

Krnetka mepenHero pora, ee KOpElIKU, a TakKKe MbIIIEUHbIE BOJOKHA,
KOTOpbIE OHA UHHEPBUPYET, COOUPATETHbHO HA3bIBAIOT CETMEHTOM CIHHHO-
ro mo3ra (Sherrington). Kaxnpiii cerMeHT — 3aKJIIOUMTENIbHbBIN 3Tan o011e-
TO MYTH JABUTATEIbHBIX UMITYJTHCOB, MPUXOISIINX K KJIETKE TIePEHEro pora
CIIMHHOTO MO3Ta C 00Jiee BBICOKMX YPOBHEN: Ha UX aKTUBHOCTH BIIUSIIOT UM-
ITyJIbCHI CAMBIX Pa3HOOOPAa3HBIX IBUTATEIBHBIX TTPOBOISIINX ITyTEl, BOZHU-
KaloInX B Pa3IMIHBIX O0JIACTSIX TOJJOBHOTO MO3Ta, a TaKKe MMITYJIbChl U3
BHYTPUCETMEHTApPHBIX M MEXCETMEHTapHBIX HEWPOHOB CITMHHOTO MO3Ta.
Bce 3T aBuraresibHbie UMITYJIbChl MHTETPUPOBAHBI B CETMEHTE, Pe3yJbTaT
3TOI MHTErpaluy nepefaeTcsl Ha MblllleYHble BOJOKHA. MBIIIIbI, y4acTBY-
I0IlI1E B TOHKO TU(pHepeHIMPOBAHHBIX TBUXXEHUSIX, UTHHEPBUPYIOTCST OOJTb-
IIUM KOJIMYECTBOM KJIETOK TEPEIHUX POTOB CIIMHHOTO MO3ra, Kaxnas U3
KOTOPBIX MHHEPBUPYET TOJIBKO HECKOIBKO (5—20) MBIIIICYHBIX BOJIOKOH; Ta-
KU€ MBIIIIIBI COCTOSIT U3 MEJTKMX JBUTATEJIbHBIX IMHUILL. B TpOTHBOIONIOX-
HOCTb 3TOMY OOJIBILIIME MBI — OTHOCUTEJIbHO HenudhepeHIMPOBaHHbIE
(Takue Kak SITOAMYHBIC MBIIIIIBI), MTHHEPBUPYIOTCS OTHOCUTETHLHO HEOOIb-
IIM YKCJIOM KJIETOK TepPEeIHUX POTOB, KaXaash U3 KOTOPbIX MHHEPBUPYET
100—500 MBIIIIEYHBIX BOJIOKOH (KPYITHBIE MOTOPHBIE €IMHUIIBI).

KnuHnyeckue cMHAPOMbI NOpaXeHUa ABUraTeNbHbIX e AUHUL

Bsuiblii napanuy BbI3bIBACTCS IPEPHIBAHUEM JBUTATEJIBHBIX €IUHUIIL B JTIO-
OoM MecTe, OyIlb TO TIEpeTHUI POT CIIMHHOTO MO3Ta, OJWH TMepeTHUI Kope-
oK win OoJiee, HEPBHOE CIUIETeHUE Wiu niepudepudecknii HepB. [IBura-
TeJbHbIE HApyIIeHWsT HAOTIOMAIOTCS 3a TIpeelaMi MBIIIIEYHBIX BOJIOKOH B
cermeHTe. [TopaxkeHHBIE MBIIIIIBI YpE3BbIYAHO CJIA0bI (TUTeTHUS), U €CTh 3a-
METHOE€ CHVIKEHME MBIIIEYHOTO TOHYca (TUTTOTOHUSI), a TaKXKe MmoTepst ped-
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because the monosynaptic stretch reflex loop has been interrupted.
Muscle atrophy sets in within a few weeks, as the muscle is gradually
replaced by connective tissue; after months or years of progressive at-
rophy, this replacement may be complete. Thus, the anterior horn cells
exert a trophic influence on muscle fibers, which is necessary for the
maintenance of their normal structure and function.

The syndrome of flaccid paralysis

The syndrome of flaccid paralysis consists of the following:
¢ hypotonia or atonia of the musculature;
e hyporeflexia or areflexia;

e muscle atrophy.

The lesion can usually be localized more specifically to the anterior
horn, the anterior root(s), the nerve plexus, or the peripheral nerve with
the aid of electromyography and electroneurography (nerve conduction
studies). If paralysis in a limb or limbs is accompanied by somatosen-
sory and autonomic deficits, then the lesion is presumably distal to the
nerve roots and is thus located either in the nerve plexus or in the pe-
ripheral nerve. Flaccid paralysis is only rarely due to a cortical lesion;
in such cases, the reflexes are preserved or even exaggerated, and the
muscle tone is normal or increased.

COMPLEX CLINICAL SYNDROMES
DUE TO LESIONS OF SPECIFIC COMPONENTS
OF THE NERVOUS SYSTEM

Damage to individual components of the nervous system generally
does not cause an isolated motor deficit of the kind described up to this
point. Rather, motordeficitsare usually accompanied by somatosensory,
special sensory, autonomic, cognitive, and/or neuropsychological
deficits of variable type and extent depending on the site and extent of
the lesion. The complex clinical syndromes due to lesions in specific
regions of the brain (telencephalon, diencephalon, basal ganglia,
limbic system, cerebellum, and brainstem) will be described in the
corresponding chapters. In this section, we will present the typical
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JIeKcoB (apeduiekcus), Tak KakK IeT/isi MOHOCMHAIITUYECKUX pedhIeKCOB pac-
TSDKEHMSI IpepBaHa. ATpodusl MbILILL HACTYIAEeT B TEUCHME HECKOJbKUX He-
JIeJTb, TaK KaK MBIIIIIBI TOCTEITEHHO 3aMeIIAIOTCs COeTMHUTETbHOM TKAHbBIO;
I10CJIe HECKOJIbKMX MECSIIEB WU JIET IPOrPecCMBHOIM aTpoduu 3Ta 3aMeHa
MOXET CTaTh MoJaHOK. Takum o06pa3oM, KIETKU MepeIHUX POrOB CIIMHHOIO
MO3Ta OKa3bIBalOT Ha MBIIIEYHbIC BOJIOKHA TPOGUIECKOE BIUSHUE, HE0O0X0-
JIMOE JUTSI TIOIIEPXKAHMST X HOPMAaJIbHOM CTPYKTYPbI M (DYHKIIUU.

Cunpgpom Bsnoro napanuya

CHHIpPOM BSJIOTO NAPAIMYA XapaKTepU3yeTCs CEAYIOIIMMU MPU3HAKAMU:

® TUTTOTOHUSI WJIM aTOHMSI MYCKYJIaTyphl;

e ruriopedaexcus uiu apediekcus;

® MblllIeuHast aTpodusl.

ITopaxeHne OOBIYHO MOXET OBITh JOKAJIM30BAaHO 00Jiee KOHKPETHO —
MepeaHUl por, TepeTHNI KOPEIIOK, HEPBHBIE CIUIETCHUS WM Tiepudepn-
yeckue HepBbl. Eciy mapaniny KOHEUHOCTH WM KOHEYHOCTEH COIMpOBO-
JKJIaeTCSI COMAaTOCEHCOPHBIMU M BEreTaTUBHBIMU HapyIICHUSIMU, TTOpaxe-
HUE TIPEAITOI0XUTETbHO JIOKAIM30BaHO AUCTAIBHO 110 OTHOIIIEHUIO K HEPB-
HBIM KOpelllKaM 1, TaKUM 00pa3oM, HaXOAUTCS JINOO B HEPBHBIX CIUIETEHU-
sIX, 60 B mepudepruecKuX HepBax. Bsuiblil mapainy KpailHe peaKo pa3Bu-
BaeTCs MPU IMOPaXKeHUHW KOPBI TOJIOBHOTO MO3Ta; B TAKMX CIIyJasx pehIeKCh
COXPAHSIIOTCS WJIU J1ake TIOBBILIEHBI, & TOHYC MBILIIL HOPMaJIbHBIA WX TO-
BBIIICH.

CJI0XXHbIE KNTMHWYECKNE CUHAPOMbI NPU NOPAXEHUN
OTAENbHbIX YACTEW HEPBHOW CUCTEMbI

[MoBpexxneHre OTACIbHBIX YACTEH HEPBHOM CUCTEMBI, KaK IPAaBUIIO, HE
BBI3BIBACT M30JIMPOBAHHBIX IBUTATCIBHBIX HAPYIIICHU, OIMMMCAHHBIX B TaH-
HOI1 TJ1aBe BbIlIe. JIBUTaTebHbIe HAPYIIEHUs, KaK TPaBUiIo, COIPOBOXKIA-
IOTCSI COMATOCEHCOPHBIMU, CIIELMAIbHBIMU CEHCOPHBbIMU, BEreTaTUBHbI-
MU, KOTHUTUBHBIMHA ¥ (MJI1) HEHPOIICHMXOJIOTUIESCKIMMHU HAapYIIEHUSIMU pa3-
JINYHOTO THITA W BBIPAXKEHHOCTH B 3aBMCHMMOCTU OT MECTa M CTEIIEHH IT0-
BpexxaeHust. CoXHbIe KIMHUYECKUE CUHAPOMBI IIPU MTOPaXEHUU B OIpe-
IIEJICHHBIX 00JIACTSIX TOJIOBHOTO MO3ra (KOHEYHOTO MO3Ta, ITPOMEKYTOTHO-
IO MO3ra, 0a3aJbHBIX TAHIIMAX, JUMOMYECKON CUCTEME, MO3KEUKE U CTBOJIE
MO3ra) OyIyT OIMCcaHbl B COOTBETCTBYIOIIMX IIaBax. B maHHOM pa3snesne Mbl
TIpPeICTaBUM TUITMYHBIE CHHIPOMBI, BOZHUKAIOIINE TIPU MOPaKeHUH CITH-
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syndromes arising from lesions of the spinal cord, nerve roots, plexuses,
peripheral nerves, motor end plates, and musculature.

Spinal Cord Syndromes

Because the spinal cord contains motor, sensory, and autonomic
fibers and nuclei in a tight spatial relationship with one another, lesions
of the spinal cord can cause a wide variety of neurological deficits,
which can be combined with each other in many different ways. Careful
clinical examination usually enables highly precise localization of the
lesion, but only if the examiner possesses adequate knowledge of the
anatomy of the relevant motor, sensory, and autonomic pathways.

General anatomical preliminaries

The spinal cord, like the brain, is composed of gray matter and
white matter. The white matter contains ascending and descending
fiber tracts, while the gray matter contains neurons of different kinds:
the anterior horns contain mostly motor neurons (see above), the
lateral horns mostly autonomic neurons, and the posterior horns mostly
somatosensory neurons participating in a number of different afferent
pathways (see below). In addition, the spinal cord contains an intrinsic
neuronal apparatus consisting of interneurons, association neurons,
and commissural neurons, whose processes ascend and descend in
the fasciculus proprius. In the adult, the spinal cord is shorter than the
vertebral column: it extends from the craniocervical junction to about
the level of the intervertebral disk between the first and second lumbar
vertebrae (L1—2); this must be borne in mind when localizing the level
of a spinal process). The segments of the neural tube (primitive spinal
cord) correspond to those of the vertebral column only up to the third
month of gestation, after which the growth of the spine progressively
outstrips that of the spinal cord. The nerve roots, however, still exit from
the spinal canal at the numerically corresponding levels, so that the lower
thoracic and lumbar roots must travel an increasingly long distance
through the subarachnoid space to reach the intervertebral foramina
through which they exit. The spinal cord ends as the conus medullaris (or
conus terminalis) at the L1 or L2 level (rarely at L3). Below this level,
the lumbar sac (theca) contains only nerve root filaments, the so-called
cauda equina (horse’s tail). The fanlike filaments of the nerve roots still
display the original metameric structure of the spinal cord, but the cord
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HOT'O MO3ra, HEPBHBIX KOPELIKOB, HEPBHBIX CIUIETEHUM, MepudepruIecKUX
HEPBOB, HEPBHO-MBIILIEYHBIX CUHAIICOB U MBIIIIII.

CNMHHOMO3roBble CUHAPOMbI

[TockonbKy comepKaiiurecs: B CIIMHHOM MO3Te JBUTATeJIbHbIe, CEHCOP-
HbI€, BEreTATUBHBIE BOJIOKHA U SIApa PACIOJIO0XEHbI OJU3KO IPYT OT Ipyra,
TOBPEXICHUs CITMHHOTO MO3Tra MOTYT BBI3BIBATh Pa3HOOOpPa3HbIE HEBPOJIO-
rU4ecKre HapyIlIeHusI, KOTOPbIe MOTYT COUETaThCsI B pa3IMIHBIX KOMOMHA-
usx. TiaTeabHOe KIMHUYECKOe 00caeaoBaHue, KaK MPaBUio, MO3BOISIET
TOYHO OMPENeaUTh JIOKAIU3ALMIO oYyara NopaxXeHusi, HO TOJbKO B TOM CJIy-
yae, Korma oocienyonyii od1anaeT JOCTAaTOYHBIMUA 3HAHUSIMU aHAaTOMUU
COOTBETCTBYIOIIUX IBUTATEIbHbBIX, YYBCTBUTEIbHBIX U BET€TaTUBHBIX MYyTEH.

OO1mue npeacTaBjieHust 00 AHATOMHUH

CHnuMHHOM MO3r, KaK Y TOJIOBHOM, COCTOUT U3 CEPOro BelllecTBa 1 Oes10-
ro BellecTBa. beiroe BemecTBo Comep:KUT BOJIOKHA BOCXOMSIIINX U HACXOISI -
IIUX MyTeil, B TO BpeMsI KaK CEpoe BEIIECTBO COMECPKUT HEHPOHBI Pa3HbBIX
BUIIOB: TIEpEJHNE POTa CONEPXKAT B OCHOBHOM JBUTAaTeIbHbIe HEPOHBI (CM.
BBIIIIE), OOKOBBIE pOra — MPEeUMYIIIECTBEHHO BEreTaTUBHBIE HEMPOHBI, a 3a1-
HHME pora — B OCHOBHOM COMAaTOCEHCOPHBIE HEMPOHBI, KOTOPhIE YIACTBYIOT
BO MHOXECTBE pa3januyHbIX addepeHTHbIX TyTei (cM. Huxe). Kpome Toro,
CIIMHHOM MO3T COIEPKUT BHYTPEHHUIT HEUPOHHBIN armapar, COCTOSIINAN U3
WHTEPHEUPOHOB, BCTABOYHBIX HEMPOHOB U CIA€UHBIX HEMPOHOB, OTPOCT-
KA KOTOPBIX MOJHUMAIOTCS U CIIYCKAlOTCS B IIPOIPUOLICIITUBHOM ITyuKe.
Y B3pOoCHIBIX CIMHHOI MO3T KOPOYe IMTO3BOHOYHOTO CTOJI0OA: OH ITPOCTUPACT-
CsI OT LIEITHO-TOJIOBHOTO COEIMHEHUSI O YPOBHS MEXIO3BOHKOBOTO JTMCKA
MEXILy TIEPBbIM U BTOPBIM MOSCHUYHBIMU 103BOHKamu (L —L )); 310 HE06-
XOIMMO MMETb B BUIY IIPU OTPeeIeHUN YPOBHS ITOPAKEHMUST CTMHHOTO MO3-
ra. OTpe3Ku HepBHOU TPYOKU (IIPEeAIIeCTBEHHULIBI CTMHHOTO MO3ra) COOT-
BETCTBYIOT TAKOBBIM B [TO3BOHOYHOM CT0JI0€ TOJILKO A0 TPETHEro Mecslia re-
CTalluu, MTOCJIE Yero pocT MO3BOHOYHMKA IMOCTENIEHHO OOTOHSIET POCT CIIMH-
Horo Mo3ra. HepBHbIe KOpPELIKU BBIXOIST U3 MTO3BOHOYHOTO KaHajla COOT-
BETCTBYIOIIMX YPOBHEM, TaK UYTO HMXKHUM T'PYAHOMN 1 MOSICHUYHBIN KOPEILIKU
JIOJKHBI IIPOXOIUTH BCe OoJiee MIMHHBIC pACCTOSIHUS B CyOapaxHOMIAIbHOM
TIPOCTPAHCTBE, YTOOBI JOCTUTHYTHh MEKITO3BOHKOBHEIX OTBEPCTUI, Yepe3 KO-
TOpbIe OHU BHIXOOST. CIIMHHON MO3T 3aKaHYMBAETCS MO3TOBBIM KOHYCOM Ha
L, wiu L ypoBHe (penko Ha ypoBHe L ;). Huxe 5T0ro ypoBHs pacrosioXeHbl
TOJIKO HUTU HEPBHBIX KOPEIIIKOB, TaK Ha3bIBaeMbIil KOHCKMIi XBocT. Ha 1ByxX
y4JacTKax, OQHAKO, CITMHHOM MO3T BBITJISIIUT HECKOJIBKO HAOYXIIM, 2 UMEH -
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itself shows no segmental division. At two sites, however, the spinal cord
is somewhat swollen, namely at the cervical and lumbar enlargements.
The former contains the segments corresponding to the upper limbs
(C4—T1), which form the brachial plexus; the latter contains the ones for
the lower limbs (L.2—S3), which form the lumbosacral plexus.

Spinal cord lesions occasionally affect only the white matter (e.
g., posterior column lesions) or only the gray matter (e. g., acute
poliomyelitis), but more often affect both. In the following paragraphs,
the manifestations of typical spinal cord syndromes will be presented
from a topical point of view. For completeness, a number of syndromes
characterized primarily or exclusively by somatosensory deficits will
also be presented here.

Syndromes due to Lesions of Individual Spinal Tracts
and Nuclear Areas and the Associated Peripheral Nerves

Syndrome of the dorsal root ganglion (fig. 1.7).

Infection of one or more spinal ganglia by a neurotropic virus occurs
most commonly in the thoracic region and causes painful erythema of
the corresponding dermatome(s), followed by the formation of a vari-
able number of cutaneous vesicles. This clinical picture, called herpes
zoster, is associated with very unpleasant, stabbing pain and paresthe-
siae in the affected area. The infection may pass from the spinal ganglia
into the spinal cord itself, but, if it does, it usually remains confined to
a small area within the cord. Involvement of the anterior horns causing
flaccid paresis is rare, and hemiparesis or paraparesis is even rarer. Elec-
tromyography can demonstrate a segmental motor deficit in up to 2/3
of all cases, but, because herpes zoster is usually found in the thoracic
area, the deficit tends to be functionally insignificant, and may escape
the patient’s notice.

In some cases, the cutaneous lesion is absent (herpes sine herpete).
Herpes zoster is relatively common, with an incidence of 3—5 cases per
1000 persons per year; immunocompromised individuals (e.g., with
AIDS, malignancy, or immunosuppression) are at elevated risk. Treat-
ment with topical dermatological medication as well as aciclovir, or
another specific virustatic agent, is recommended. Even with appropri-
ate treatment, postherpetic neuralgia in the affected area is a not un-
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HO B INEHOM 1 OSICHUYHOM pacmupenusx. [1epBblii COIepXUT CETMEHTHI, CO-
OTBETCTBYIOIIME BepXHUM KoHeuHOCTAM (C,,—Th,), KoTopbie 06pasyior ruie-
YeBOE CIUIETEHME; TIOCAEIHUM CONEPXKUT CErMEHTHI JUTIT HYDKHUX KOHEUHO-
creit (L, —S,,,), KoTOpbIe 06Pa3yIOT MOACHUYHO-KPECTLOBOE CILIETEHUE.

IToBpe:knennsi CIUHHOTO MO3Ta MHOT/IA 3aTPAaruBaloT TOJbKO OejIoe Bellle-
CTBO (IMOBPEXIECHUS 3aTHUX CTOJIOOB) WJIM TOJBKO CEPOE BEIIECTBO (OCTPHIi
IOJIMOMUEJIUT), HO Yallle BCEro BOBJIEKAaeTCs U Oesloe, U cepoe BELIECTBO.
B cnenytomux naparpadax nposiBieHUs] TUITMYHBIX CUHIPOMOB ITOPaKEHUS
CIIMHHOTO MO3ra OyIyT pacCMOTPEHbI C TOYKM 3PEHUST YTOYHEHUST X JIOKa-
Jnu3aumu. s MOJHOTH KapTUHBI TakKe OyayT MpeacTaBieHbl HEKOTOPhIE
CHHJIPOMBI, XapaKTepU3YIOLIUecs: TTPEeUMYIIECTBEHHO WM UCKIIOUYNTETHLHO
COMaTOCEHCOPHBIMU HAapYIIEHUSIMMU.

CHHAPOMbI NOpaXeHUs 0TAENbHbIX NPOBOAALLMX NYTEH CNUHHOIO
Mo3ra, afiep ¥ neputiepuyeckux HepeoB

CHMHIPOM CIIMHHOMO3TOBbIX TAHIJINEB

[TopaxeHne OMHOTO MM HECKOJIBKUX CITMHHOMOS3TOBBIX IAHTJIMEB HEll-
POTPOITHBIM BUPYCOM BCTPEUAETCSI Yallle BCETO B IPYAHOM OTJIEJIE U BhI3bIBA-
eT 00JIe3HEHHBIE SPUTEMbI COOTBETCTBYIOIIETO IepPMATOMa C TTOCIETYIOIINM
o0pa3oBaHMEM BE3UKYJI Ha Koxke (puc. 1.7). Ota KIMHUYecKast KapThHa, Ha-
3bIBaEMasi OMOSICHIBAIOIINM JIMIIAEM, CBSI3aHA C OUEHb HEMPUSITHBIMU OIILy-
LIEHUSIMU, KOJIOIIMMU OOJIIMU U MapecTe3usiMU B MOPAXKEHHOU 001acTu.
NHdekunss MoXeT mepexoanuTb U3 CIMHHOMO3TOBbIX TAHIVIMEB B CTMHHOU
MO3T, HO €CJIM 3TO MPOU30MAET, TO, KaK MpaBmiIo, (hOPMUPYETCS OTpaHU-
YEHHBIN YJ4aCTOK BHYTPUM CHUMHHOTO Mo3ra. [lopaxeHue MepeaHux pOroB
pPENKO BBI3BIBAET BSUIBIN Tape3, ellle pexe — TeMuIape3 Wi maparapes.
BDnexkTpomuorpacdus B 2/3 Bcex CaydyacB MO3BOJISICT BBISIBUTh HAPYIICHUS B
COOTBETCTBYIOIIUX CETMEHTAaX, HO TaK KakK OIMOSIChIBAIOIINIA Tepriec OObIYHO
HaXOIUTCS B TPYAHOM OTIEJIe, HapyIlIeHUs 00bIYHO (DYHKIIMOHAIBHO HEe3HA-
YUTEJIbHBIE.

B HekoTophIX ciydasix MopaxKeHWs KOXHW OTCYTCTBYIOT. OrosichIBaro-
IIWIA Tepriec — OTHOCHUTEBHO paclpoCTpaHeHHOe 3a00JieBaHNE C YaCTOTOM
3—5 caygaeB Ha 1000 yenoBeK B rof; rpyIiia MOBBIIIEHHOTO pUCKa — JIIIA
¢ ocnabneHubiM uMMyHUTeTOM (CITU oM, 3110Ka4eCTBEHHBIMU HOBOOOpA-
30BaHUSIMU, UMMYHOCYTIpeccueit). PekomeHnmyercs jieueHre ¢ NCIOIb30Ba-
HUEM allMKJIOBUPA, MECTHOTO IepMaTOJOTMYecKoro npemnaparta. Jlaxe mpu
HaJUIexXalleM JIeYeHUM TOCTrepreTnyeckasi HeBpairusi B TMOCTpaaaBIlIeit
30HE — YacToe OcCJOoXHeHUe. JledeHre CMMNTOMATUYEeCKOE, Pa3TuYHbIMU
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&

Herpes zoster

Fig. 1.7. Syndrome of the dorsal root ganglion

common complication. It can be treated symptomatically with various
medications, including carbamazepine and gabapentin.

Posterior root syndrome (fig. 1.8).

If two or more adjacent posterior roots are completely divided,
sensation in the corresponding dermatomes is partially or totally lost.
Incomplete posterior root lesions affect different sensory modalities to
variable extents, with pain sensation usually being most strongly affect-
ed. Because the lesion interrupts the peripheral reflex arc, the sensory
deficit is accompanied by hypotonia and hyporeflexia or areflexia in the

B Al somatosensory modalities

Fig. 1.8. Posterior root syndrome
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O

OnosicbiBaOLWMIA NLLAR

Puc. 1.7. CuHapoMbl mopaxkeHus1 CIMHHOMO3TOBOIO y3J1a

JIEKAaPCTBEHHBIMU IIperiapaTaMu, B TOM YKCIIe KapdaMa3elMHOM 1 rabareH-
THHOM.

CuHIpOM 3aJHEr0 KOpenka

Ecnm nBa cMeXHBIX 3aIHMX KOpeIIKa WIK 00Jiee ITOTHOCThIO ITOPaKEHbI,
B COOTBETCTBYIOIIUX JIepMaTOMaX YYBCTBUTEIbHBIC OLIYIIEHUSI YaCTUYHO
WIM MOJIHOCThIO yTpauuBatoTcs (puc. 1.8). HemosHble mopaxkeHus 3aaHero
KOpeIlIKa BBI3BIBAIOT PAa3IMYHbIC PACCTPOMCTBA YYBCTBUTEIBLHOCTU U 0O-
JeBble olryiieHus. ITocKoJbKy mopaXeHue IpepbiBaeT MepudepuyecKyo
pedieKTopHYIO AyTy, HapylleHue YyBCTBUTEIbHOCTU COIIPOBOXIACTCS TH-

BB Bce comaToceHCOpHbIE MOAANLHOCTY

Puc. 1.8. Cunapom nopaxeHust 3aJHETO KOpeIlIKa
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muscles supplied by the affected roots. These typical deficits are pro-
duced only if multiple adjacent roots are affected.

Posterior column syndrome (fig. 1.9).

The posterior columns can be secondarily involved by pathological
processes affecting the dorsal root ganglion cells and the posterior roots.
Lesions of the posterior columns typically impair position and vibration
sense, discrimination, and stereognosis; they also produce a positive
Romberg sign, as well as gait ataxia that worsens significantly when the
eyes are closed (unlike cerebellar ataxia, which does not). Posterior col-
umn lesions also often produce hypersensitivity to pain. Possible causes
include vitamin B12 deficiency (e.g., in “funicular myelosis”; see be-
low), AIDS-associated vacuolar myelopathy, and spinal cord compres-
sion (e.g., in cervical spinal stenosis). Tabes dorsalis due to syphilis is
rare in North America and Western Europe but is an increasingly com-
mon type of posterior column disturbance in other parts of the world.

Posterior horn syndrome (fig. 1.10) can be a clinical manifestation
of syringomyelia, hematomyelia, and some intramedullary spinal cord
tumors, among other conditions. Like posterior root lesions, pos-
terior horn lesions produce a segmental somatosensory deficit; yet,
rather than impairing all sensory modalities like posterior root lesions,
posterior horn lesions spare the modalities subserved by the poste-
rior columns, i.e., epicritic and proprioceptive sense. “Only” pain
and temperature sensation are lost in the corresponding ipsilateral

T8

I Hypesthesia
Ataxia, asynergia, loss of position sense

Fig. 1.9. Posterior column syndrome
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MOTOHUEN, runopedaekcueid win apedaeKcruel B MbIIIAX, WTHHEPBUPYe-
MBIX TIOPaXKEHHBIMU KOpPEIIKaMu. DTH TUTTMYHbIC HapyIIeHWs] BO3HUKAIOT
TOJIBKO MIPU MOPAKEHUU HECKOJIbKNX CMEXHBIX KOPEIIIKOB.

CuHIpPOM 33/IHEr0 KAHATHKA CIIUHHOTO MO3Tra

3agHue KaHATUKU CITMHHOTO MO3Ta MOTYT ObITh BTOPUYHO BOBJIEUEHBI B
MaToJIOTUYEeCKUe MPOLECCHI, BIUSIONIME HA KJIETKU YYBCTBUTEJIbHbBIX Y3JI0B
CMIMHHOMO3IOBOTO HepBa U 3aaHue kopewiku (puc. 1.9). Ilpu nopaxeHuu
3aIHUX KAHATUKOB, KaK TMPaBUJIO, HAPYIIEHBl YYBCTBO TMOJOXEHUSI U YyB-
CTBO BUOpalM, TUCKPUMUHAIIMU U cTepeorHo3a. [Ipu Takom mopaxkeHuu
BO3MOXEH TOJIOXUTEbHBIM cuMnToM PomOepra, HapyllleHue TTOXOIKH,
KOTOPOE 3HAYUTEIbHO YCYTryOJsieTcsi, KOTaa rjia3a 3aKpbIThl (B OTJIMUKE OT
MO3XeUKOBOW aTtakcun). [ToBpexneHusT 3aIHUX KAaHATUKOB CTUHHOTO MO3-
ra 4acTo TPUBOJIST K TTOBBIIIIEHHON YyBCTBUTEIBHOCTH U 00J. Bo3MokHbBIE
MPUYMHBI — MUEONATUSI U KOMITPECCUsI CIUHHOTO Mo3Ta (Harpumep, cTe-
HO3 TTO3BOHOYHOTO KaHaja Ha LIeHOM YpoBHe). BbI3BaHHas1 cuduincoM
tabes dorsalis penko Bctpeuaercs B CeBepHoit AMepuke u 3anaaHoii Eporie,
HO CTaHOBMTCSI Bce 0osiee paclpoCTpaHEHHBIM TUIIOM MOPAXXEHUS 3aHUX
KaHATMKOB B IPYTMX YaCTSIX CBETA.

Cunzapom 3aHero pora

MoxXeT ObITh KITMHUYECKUM MPOSIBIEHUEM CUPUHTOMUEINU, TeMaTOMM-
eJTMY, UHTPaAMEAYJJISIPHOM OTTyXOJIM CIIMHHOTO Mo3ra. [TopaxkeHust 3amHeTro
pora coInpoBOXAAIOTCSI CETMEHTAPHBIMUA COMATOCEHCOPHBIMU HApYILIEHUSI-
mu (puc. 1.10).

T8

I runectesus
ATaKcusl, aCMHeprus, noTepsi paBHOBECUS

Puc. 1.9. Cunapom nopaxeHus 3aJHeT0 KaHaThKa
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C5-C8

E= Analgesia, thermanesthesia

Fig. 1.10. Posterior horn syndrome

segments, because these modalities are conducted centrally through
a second neuron in the posterior horn (whose axon ascends in the
lateral spinothalamic tract). Loss of pain and temperature sensation
with sparing of posterior column sense is called a dissociated somato-
sensory deficit. There may be spontaneous pain (deafferentation pain)
in the analgesic area. Pain and temperature sensation are intact below
the level of the lesion, as the lateral spinothalamic tract, lying in the
anterolateral funiculus, is undamaged and continues to conduct these
modalities centrally.

Gray matter syndrome (fig. 1.11).

Damage to the central gray matter of the spinal cord by syringomy-
elia, hematomyelia, intramedullary spinal cord tumors, or other proc-
esses interrupts all of the fiber pathways passing through the gray matter.
The most prominently affected fibers are those that originate in posteri-
or horn cells and conduct coarse pressure, touch, pain, and temperature
sensation; these fibers decussate in the central gray matter and then as-
cend in the anterior and lateral spinothalamic tracts. A lesion affecting
them produces a bilateral dissociated sensory deficit in the cutaneous
area supplied by the damaged fibers. Syringomyelia is characterized by
the formation of one or more fluid-filled cavities in the spinal cord; the
analogous disease in the brainstem is called syringobulbia. The cavities,
called syringes, can be formed by a number of different mechanisms and
are distributed in different characteristic patterns depending on their
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C5-Cs8

BE= Ananresus, TepmoaHecTesus

Puc. 1.10. CunnpoM ropaxkeHusl 3aaHero pora

Bonesble omnyiieHus: U TeMrepaTypHasi YyBCTBUTEIbHOCTDb YTpaunBaloT-
Csl B COOTBETCTBYIOIIIMX CErMEHTaX Ha CTOPOHE MOPaXKEHMUSI, TTOCKOIbKY M-
MYJIbC TOJDKEH MPOWTU Yepe3 BTOPOW HEUPOH, PACIIONIOXEHHBIU B 3aJHEM
pore, aKCOH KOTOPOTO TTOMHUMAETCS B OOKOBOM CITMHOTAJIAMUYECKOM TTYTH.
YTpara 6ojieBOI M TeMIlepaTypHO YyBCTBUTEIHLHOCTU IIPU TOPaKEHUU
3aIHETO pora CIIMHHOIO MO3Ta Ha3bIBAETCS QUCCOUUUPOBAHHBIM COMAMOCEH-
copubim Hapyuienuem. Huke ypoBHSI MopaxeHus 007b U TeMIlepaTypHbIe
OIIYILIEHUS COXPAHEHBI, TaK KaK OHU JIOKAJIU3YIOTCS B HEIIOBPEXKIEHHOM 00-
KOBOM CIIMHOTAJIAMUYECKOM TPaKTE, JIeXKAaIlleM B TIepeHeM KaHATUKeE.

CuHIpoM ceporo BemecTsa

[MopaxkeHne 1eHTpaJIbHOM YaCTH CIIMHHOTO MO3Ta — CEpOro BelllecTBa
MPU CUPUHTOMUETUN, TeMATOMUETUN, UHTPaAMEIYUISIPHOM OIyXOJIU CHUH-
HOTO MO3Ta WJIW APYruX TMpolleccax MOBPEXIAeT BCe BOJOKHA IMyTel, Mpo-
XOISIIMX yepe3 cepoe BerecTBo (puc. 1.11). Haubonee 3ameTHO cTpagaloT
Te BOJIOKHA, KOTOPBIE OepyT CBOE HAYaJIO B KJIETKAX 3aIHUX POrOB CITMHHO-
rO MO3ra ¥ SBJISIIOTCS TTIPOBOIHUKAMU TPYOOTO MaBJIEHUS, TPUKOCHOBEHMUS,
00JI1 1 OTIYIIeHWSI TeMIIepaTyphl. DTU BOJIOKHA, TTepeceKalonecs Mo Ipsi-
MBIM YIJIOM B LIEHTPAJbHOI YaCTH CEpOro BEeIIECTBa, 3aTeM MOAHUMAIOTCS B
nepenHeM U OOKOBOM CIIMHOTajJaMU4ecKux myTsx. ITopaxkeHue ceporo Be-
IIeCTBA COMPOBOXIAETCS IBYCTOPOHHUM IMCCOLIMUPOBAaHHBIM HapyIlIeHUEM
YYBCTBUTEJIBHOCTU B MOpaXkeHHOM cerMeHTe. CUPUHTOMUENS XapaKTepu-
3yeTcss 00pa3oBaHMEM OTHOTO WM OoJjiee 3aIllOJHEHHBIX KUIKOCTHIO IT0-
JIOCTEe# B CIIMHHOM MO3Te. AHAJIOTUYHOE 3a00JIeBaHNE B CTBOJIE TOJIOBHOTO
MoO3Ta Ha3bIBaeTcsi CUpUHIooynsousi. Ilogoct MoryT ObITH 0Opa30BaHbI C
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[ Weakness, spastic
V7] Weakness, flaccid
E= Analgesia, thermanesthesia

Fig. 1.11. Gray matter syndrome

mechanism of formation. Some syringes are an expansion of the central
canal of the spinal cord, which may or may not communicate with the
fourth ventricle; others are a hollowing-out of the parenchyma and are
separate from the central canal. The term “hydromyelia” is sometimes
used loosely for communicating syringes of the central canal, but it prop-
erly refers to an idiopathic, congenital variant of syringomyelia in which
the syrinx communicates with the subarachnoid space, and should only
be used in this sense. Syringomyelia most commonly affects the cervical
spinal cord, typically producing loss of pain and temperature sensation
in the shoulders and upper limbs. A progressively expanding syrinx can
damage the long tracts of the spinal cord, producing spastic paraparesis
and disturbances of bladder, bowel, and sexual function. Syringobulbia
often causes unilateral atrophy of the tongue, hypalgesia or analgesia
of the face, and various types of nystagmus depending on the site and
configuration of the syrinx.

The syndrome of combined lesions of the posterior columns and cor-
ticospinal tracts (funicular myelosis) (fig. 1.12) is most commonly pro-
duced by vitamin B12 deficiency due to a lack of gastric intrinsic factor
(e.g., in atrophic gastritis), and is known in such cases as “subacute
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] MbiweyHas cnabocTb, cnacTUieckuit
V7] Mbiweynas cnabocTb, BAbIN

E= Awnanresus, TepmoaHecTesus

Puc. 1.11. Cunznpom mopakeHUs ceporo BellecTBa CITMHHOTO Mo3ra. CHHIpOM co-
YEeTaHHOTO MOPaKEHUS 3alHUX KAHATMKOB CIIMHHOTO MO3Tra U KOPKOBO-CITUHHOMO3-
roBBIX MyTel ((PYHUKYJISIPHBI MUET03)

TMOMOILIBIO psifia Pa3TIUYHBIX MEXaHU3MOB U pacrnpenejeHbl B CIMHHOM MO3-
re B 3aBUCMMOCTHM OT MeXxaHu3Ma ux ¢opmupoBaHusi. HekoTopsie mojaocTu
MIPEACTABIISIIOT pacIIMpeHNe [EHTPAIbHOTO KaHala CIIMHHOTO MO3Ta, KOTO-
PBIN MOXXET MJIM He MOXKET OCYIIECTBIIATE CBSI3b ¢ IV Xemymoukom. TepMuH
«TUAPOMUEIMSI» MHOIIA MCIIOJAb3YeTCs B IIMPOKOM CMbICIE g 0003Ha-
YeHMS TOJOCTU LIEHTPAJIbHOIO KaHajla, HO OH OTHOCHUTCS K UAMOIaTHye-
CKOMY, BPOXIECHHOMY BapHaHTy CUPMHTOMUENINHM, B KOTOPOM €BCTaxHmeBa
Tpyba coobIaeTcs ¢ cydapaxHOMIATBHBIM IIPOCTPAHCTBOM, U €TO CICAYeT
MCIIOJIb30BaTh TOJbKO B 3TOM cMbicie. CUPUHIOMMENUS yalle BCero rnopa-
JKaeT IEWHBIN OTAe] CITMHHOTO MO3Ta, COIIPOBOXKIAETCS yTpaToit 00JIEBOI 1
TEeMITepaTypHOIl YyBCTBUTEIBHOCTH B IIEUAX U BEPXHUX KOHEYHOCTSIX. [1po-
IPECCUBHOE pacIIMpeHNE MOXKET MOBPEAUTH IJIMHHBIC YIACTKA CITMHHOTO
MO3ra, COMPOBOXIASICh CITACTUYECKMM IMaparnape3oM U HapylleHrueM pado-
ThI MOYEBOTO MY3bIPsI, KUIIIEYHUKA U ceKcyanbHOM QyHKUNU. CUPUHTOOYJIb-
OMsI 9acTO MPUBOAUT K OTHOCTOPOHHEH aTpo(uN SI3bIKa, TUTIOAITE3UN WJTH
aHaJITe3WH JINIIA, a TAKKE K Pa3TMYHBIM BHIaM HACTarMa B 3aBUCUMOCTH OT
MecTa M KOHDUTYypaluu MOJIOCTH.

Yamre Bcero HabII0IaeTCS MPU HEAOCTATKE BUTAMUHA B12 M13-3a Hapylle-
HUS BCachIBaHUS B XellyaKe (Hampumep, IIpU aTpoPUIEeCKOM TacTpuTe), U
B TaKUX CJIy4yasX BBISIBJISIIOT MOAOCTPYI0 KOMOMHUPOBAHHYIO JereHepaluio
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Weakness, spastic
Hyperesthesia

B Ataxia, asynergia, loss of position sense

Fig. 1.12. Combined posterior column and corticospinal tract syndrome

combined degeneration,” or SCD. Foci of demyelination are found in
the cervical and thoracic regions in the posterior columns (70—80%),
and somewhat less commonly in the pyramidal tracts (40—50%), while
the gray matter is usually spared. Posterior column damage causes loss
of position and vibration sense in the lower limbs, resulting in spinal
ataxia and a positive Romberg sign (unstable stance with eyes closed).
The accompanying pyramidal tract damage causes spastic paraparesis
with hyperreflexia and bilateral Babinski signs.

Anterior horn syndrome (fig. 1.13).

Both acute poliomyelitis and spinal muscle atrophy of various types
specifically affect the anterior horn cells, particularly in the cervical and
lumbar enlargements of the spinal cord. In poliomyelitis (a viral infec-
tion), a variable number of anterior horn cells are acutely and irrevers-
ibly lost, mainly in the lumbar region, causing flaccid paresis of the
muscles in the corresponding segments. Proximal muscles tend to be
more strongly affected than distal ones. The muscles become atrophic
and, in severe cases, may be completely replaced by connective tissue
and fat. It is rare for all of the muscles of a limb to be affected, because
the anterior horn cells are arranged in long vertical columns within the
spinal cord.
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MbiweyHas cnabocTb, cnacTmka
MnepecTteaus

B Atakcus, acuHepryisi, noTepsi paBHOBECHS

Puc. 1.12. CuHIPOM COYETAHHOTO TTOPAKEHUsI 3aTHUX KAHATUKOB M KOPKOBO-CITH-
HOMO3TOBBIX ITyTeN

(puc. 1.12). Oyaru neMueTMHU3AIMHA BCTPEYalOTCs B IIEWHOM Y TPYTHOM OT-
nenax B 3aaHuX crosbax (70—80%) 1 HECKOIbKO pexe — B MUPaMUIHBIX ITy-
Ts1x (40—50%), B To BpeMsi Kak cepoe BelleCcTBO OObIYHO He cTpaaaert. [lo-
BpeXJeHNe 3aJHEr0 KaHaTUKa MPUBOAUT K MOTEpe UyBCTBA MOJOXEHUS U
YyBCTBa BUOpallMM B HUKHUX KOHEYHOCTSIX, YTO TTPUBOJUT K CITMHHOMO3-
TOBOW aTakCUU.

BoIBASIOT TIOJIOKUTEIBHBIN cuMmIiToM PomOepra. TToBpexaeHue nupa-
MMIHOTO TPaKTa C JBYX CTOPOH BBI3bIBACT CITACTUYECKHUI Mapamnape3 v Th-
neppedekcuo ¢ IByCTOpOHHUMU cuMInIToMaMu babuHckoro.

CuHIpOM mepeHero pora CIMHHOTO MO3ra

OCTpblil TIOJMOMUENUT U CIMHAIbHAS MblllIeYHass aTtpodust pasiaud-
HOTO THMa crielnu(UIecKr BIUSIOT Ha KJIETKU TIEPEIHUX POTOB, OCOOEHHO
B IIEWHOM M TOSICHUYHOM YTOJIIEHUSIX CTMHHOTO Moara (puc. 1.13). Ipn
MOJMOMUEINTe (BUPYCHAst MHGMEKIIMS) KJIETKU MepeIHUX POrOB OCTPO U He-
00paTMMO MOpaXxaroTcsi, B OCHOBHOM B MOSICHUYHOW 00JIaCTH, B pe3yJibTaTe
yero HabJoaaeTcst nepudepruuecKuil mapes MbIII B COOTBETCTBYIOIIUX Cer-
MeHTax. [IpokcuMalibHbIe MBIIILIBI, KaK MPaBUJIO, CUJIbHEE, YeM NTHUCTallb-
HbIe. MBIl CTAHOBSTCS aTPOMUUHBIMU U B TSKEIBIX CyYastX MOTYT ObITh
MOJIHOCTBIO 3aMEHEHBI COSTMHUTEIBHOM TKaHbIO 1 XXUpoM. Peako crpagaior
BCE€ MBIIIIIBI KOHEYHOCTH, TaK KaK KJIETKM TEPEIHETO pora pacroioXXeHbl B
JUIMHHBIX BEPTUKAJTbHBIX KOJJOHHAX B CTUHHOM MO3Te.
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C7-C8

ZZ] Weakness, flaccid

Fig. 1.13. Anterior horn syndrome

Combined anterior horn and pyramidal tract syndrome (fig. 1.14) is
seen in amyotrophic lateral sclerosis as the result of degeneration of both
cortical and spinal motor neurons. The clinical picture is a combination
of flaccid and spastic paresis. Muscle atrophy, appearing early in the
course of the disease, is generally so severe that the deep tendon reflexes
would ordinarily be absent, if only the lower motor neurons were af-
fected. Yet, because of the simultaneous damage of the upper motor
neurons (with consequent pyramidal tract degeneration and spasticity),
the reflexes often remain elicitable and may even be exaggerated. Ac-
companying degeneration of the motor cranial nerve nuclei can cause
dysarthria and dysphagia (progressive bulbar palsy).

Syndrome of the corticospinal tracts (fig. 1.15).

Loss of cortical motor neurons is followed by degeneration of the
corticospinal tracts in a number of different diseases, including primary
lateral sclerosis (a variant of amyotrophic lateral sclerosis) and the rarer
form of hereditary spastic spinal paralysis. The most common subform
of this disease is due to a mutation of the gene for an ATPase of the
AAA family on chromosome 2; the disease appears in childhood and
progresses slowly thereafter. Patients complain initially of a feeling of
heaviness, then of weakness in the lower limbs. Spastic paraparesis with
a spastic gait disturbance gradually develops and worsens. The reflexes
are brisker than normal. Spastic paresis of the upper limbs does not de-
velop until much later.
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C7-C8

7] Mbiweunas cnabocTb, BAMbIA

Puc. 1.13. Cunapom nopaxkeHus epeHero pora CIMHHOTO MO3ra

KomOuHupoBaHHoe nopazkeHue nepeaHero pora i NMPaMHIAHOTO MyTH

DT0 HapylleHue Npu O0OKOBOM aMHOTPO(MYECKOM CKJepo3e paccMma-
TPMBAETCSl KaK pe3yJibTaT JeTeHepaluu O0OuX ILEHTPaJIbHBIX U Tepude-
PUYECKUX ABUTATEIBbHBIX HeiipoHOB (puc. 1.14). KnmHmueckass kapTwHa
MpeAcTaBiIseT co00i coueTaHue nepudepruyecKoro U CracTu4eckKoro mnape-
3a. ATpo(usI MBIIIIILL, TTOSIBJISIIONIAsICS B HavaJle 3a00J1eBaHusI, KaK IPaBuUIIo,
MPOTrPeccupyeT HACTOJIBKO TITyOOKO, YTO TIIYOOKME CYXOXKUIbHBIE pedaeK-
CBl OTCYTCTBYIOT, €CJIM OBLIM ITOpaxkeHbl TOJBKO HUKHHE IBUTATCIbHBIC
HeiipoHbl. M3-3a OMHOBPEMEHHOTO ITOBPEXACHUSI BEPXHUX JIBUTATEIbHBIX
HEHPOHOB (C IMopaXkeHWeM TpaKTa U MOSIBICHUEeM IMTMPaMUIHON CITaCTUYHO-
CTH) pedIIeKChl YaCTO COXPAHSIIOTCS U MOTYT OBITh MOBBIIIeHBI. CoueTaHue
C IereHepaTUBHBIMU M3MCHEHUSIMU IBUTATCIBHBIX SIEep YepEITHBIX HEPBOB
MOXET MPUBECTU K AU3apTpUM U aucdaruu (Mporpeccupyronmii oyaboap-
HBI CUHIPOM).

CuHIpoM nopakeHusi KOPKOBO-CITMHHOMO3TOBbIX IyTeii

IMopaxxeHne KOPKOBBIX OBUTATEIbHBIX HEMPOHOB COIIPOBOXIACTCS Ie-
reHepaiyeii KOpKOBO-CIIMHHOMO3IOBOIO IIyTM IIpU pPa3JIMYHBIX 3a0o0Je-
BaHUSIX: OOKOBOM aMHUOTPO(UYECKOM CKJIepo3e U 0ojiee peakux (opmax
HaCJIeACTBEHHOU cracTmieckKoil maparmerun (puc. 1.15). Hambomee pac-
IMpocTpaHeHHas cyogopMa 3Toil OOJIe3HN MPOUCXOAUT M3-3a MyTaIlM TeHa
B AT®asnl ceMeiictBa AAA Ha xpoMocoMme 2. 3abojieBaHNe MPOSBIISIETCS B
JIETCKOM BO3pacTe M IPOTpeccupyeT MeljieHHO. [1aliMeHTh mepBoHAYaIbHO
JKaJTYIOTCST Ha YyBCTBO TSDKECTH, a 3aT€M CJIa00CTU B HIDKHUX KOHEYHOCTSIX.
CnacTuyecKkuii rmaparapes co CacTUYeCKUM HapylIeHHeM ITOXOIKHU ITOCTe-
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O

ZZ] Weakness, flaccid
[ Weakness, spastic

Fig. 1.14. Combined anterior horn and pyramidal tract syndrome (amyotrophic lateral

P
Il

[ weakness, spastic
Fig. 1.15. Syndrome of the corticospinal tracts (progressive spastic spinal paralysis)

Syndrome of combined involvement of the posterior columns, spino-
cerebellar tracts, and (possibly) pyramidal tracts (fig. 1.16).

‘When the pathological process affects all of these systems, the dif-
ferential diagnosis should include spinocerebellar ataxia of Friedreich
type, the axonal form of a hereditary neuropathy (HSMN II), and other
ataxias. Characteristic clinical manifestations are produced by the le-
sions in each of the involved systems.
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VZ7Z] Mbiweunas cnabocTb, BSbIN
[ Mbiweunas cnabocTb, cnacTUyeckuii

Puc. 1.14. CuHIpPOM COUYETAHHOTO MOPAKEHUS TTEPETHETO POTa U TUPAMUIHOTO MTyTH

P
()

[ MbiweyHas cnaBocTb, CnacTUYeckuii

Puc. 1.15. Cunapom nopaxkeHust KOPKOBO-CITMHHOMO3TOBBIX MyTeii (MPOrpeccupylo-
LU cIacTUYeCKU CITMHABbHbIIA MTapaivg)

TeHHO TIporpeccupyeT. CITacTMIeCKUiA mape3 BepXHNX KOHEYHOCTE! pa3Bu-
BaeTCsl HAMHOTO TTO33Ke.

CHHIPOM KOMOMHMPOBAHHOIO NMOPAXKEHHS 3aIHUX CTO0/I00B, CIIMHOMO3KeY-
KOBBIX M MUPAMHIHbIX MyTeii

Korna natoiornyeckuii mpoiiecc 3aTparuBaeTr BCe 3TH CUCTEMbI, 11 de-
peHIIMaIbHasl TUarHOCTUKA BKIIIOYAET CIIMHOMO3XEUKOBYIO atakcuio ®pu-
Jpeiixa, akCoOHaJIbHYI0 (hopMy HacienctBeHHoi Heiiporatuu (HSMN 1) u
npyrue popMbl atakenu (puc. 1.16).
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)

[ Weakness, spastic
Hypesthesia

Lateral column ataxia
Ataxia, asynergia

Fig. 1.16. Syndrome of combined involvement of the posterior columns, spinocerebellar
tracts and (possibly) pyramidal tracts

Friedreich ataxia begins before age 20 with loss of dorsal root gan-
glion cells, leading to posterior column degeneration. The clinical re-
sult is an impairment of position sense, two point discrimination, and
stereognosis, with spinal ataxia and a positive Romberg sign. Pain and
temperature sense are largely or completely spared. The ataxia is severe,
because both the posterior columns and the spinocerebellar tracts are
involved; it is evident when the patient tries to walk, stand, or sit, as well
as in the finger—nose—finger and heel—knee—shin tests. The patient’s
gait is uncoordinated, with festination, and also becomes spastic over
time as the pyramidal tracts progressively degenerate. About half of all
patients manifest skeletal deformities such as scoliosis or pes cavus (the
so-called “Friedreich foot”).

According to Harding, Friedreich ataxia can be diagnosed when the
following clinical criteria are met:

e progressive ataxia of no other known cause, beginning before age

25 years;

e autosomal recessive inheritance;

e absent deep tendon reflexes in the lower limbs;

e posterior column disturbance;

e dysarthria within five years of onset.
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] MblweyHas cnaBocTb, CnacTuyeckuii
[ TvnecTesus

ATakcusa 60KOBbIX CTON60B

ATakcus, acuHeprus

Puc. 1.16. CuHIpoM coueTaHHOTO TTOPakeHUST 3aJTHUX KAHATUKOB, CITMTHOMO3KEUKO-
BBIX ITyTeil ¥ (BO3MOXKHO) MUPAMUIHBIX ITyTei

XapakTepHble KIMHUYECKUE TIPOSIBIICHUST BBISBIISIIOT B KaXKI0M M3 yda-
CTBYIOILIMX CUCTEM.

Arakcus @puapeiixa HaunmHaeTcss B Bo3pacte 10 20 JIeT ¢ yTpaThl KJIETOK
YYBCTBUTEJIbHBIX Y3JI0B CIIMHHOMO3IOBBIX HEPBOB, YTO IIPUBOIUT K JereHe-
paLMu 3aHUX CTOJOOB CIIMHHOrO Mo3ra. KiMHuyeckue mposiBieHUsI — B
BUJIE YXYALICHUs OIIYIIEHUS OJOXEHUsI B IIPOCTPAHCTBE, YyBCTBA TUCKPH-
MMHALIMKA U CTEPEOrHO3a, a TaKXKe MOJOXUTEJIbHOro cumiroma PoMbGepra.
BoneBas u TemmepaTypHasi 4yBCTBUTEIbHOCTh HE CTpamaioT. ATaKCUSI —
Cepbe3HOE MPOSIBIICHUE, TTOTOMY YTO ITOPaXKEHBI 3aTHKUE CTOJIOBI M CIIMHO-
MO3KCUKOBBIC TPaKThI. [IposIBIIeHNSI BO3HMKAIOT, KOTJA MALIMEHT IBITACTCST
XOIUTh, CTOSATh WY CUIETh, a TAKXKE BBHITIOJNHSIET MaJIbIIEHOCOBYIO TTPOOY 1
KOJICHHO-TISITOUHYIO 1po0y. [Toxoaka manueHTa HecorjiacoBaHHasI, C ceMe-
HAIIVMMH IIaraMM, ¢ TCYCHNUEM BpEMEHU CTAHOBUTCS CITACTHMYECKOI, TaK KaK
MOCTEIIEHHO HACTYITaeT JIereHeparus MMPaMUIHOTO TpakTa. Y TTOJOBUHBI
BCEX IallMEHTOB BBISIBIISIIOTCS AedopMalliy CKeJieTa, CKOJMO03 WM CToTa
Dpunpeiixa.

Atakcust @pupeiixa MOXeT ObITh TMarHOCTUPOBAHA IPU HAJTUIUU Clie-
IYIOIIMX KIMHUYECKUX KPUTEPUECB:

® [Iporpeccupyloias aTakCust TPy UCKITIOYEHUU IPYTOil U3BECTHOM TIPH-

YUHBI, pa3BUBAIOIAsICS 0 25-JIE€THETO BO3pacTa;
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The diagnosis can be definitively established by molecular genetic
testing to reveal the underlying genetic defect, a trinucleotide expansion
on chromosome 9.

The spinal cord hemisection syndrome (Brown—Séquard syndrome,
fig. 1.17) is rare and usually incomplete; its most common causes
are spinal trauma and cervical disk herniation. Interruption of the
descending motor pathways on one side of the spinal cord causes
an initially flaccid, ipsilateral paresis below the level of the lesion
(spinal shock), which later becomes spastic and is accompanied by
hyperreflexia, Babinski signs, and vasomotor disturbances. At the
same time, the interruption of the posterior columns on one side of
the spinal cord causes ipsilateral loss of position sense, vibration sense,
and tactile discrimination below the level of the lesion. The ataxia that
would normally be caused by the posterior column lesion cannot be
demonstrated because of the coexisting ipsilateral paresis. Pain and
temperature sensation are spared on the side of the lesion, because the
fibers subserving these modalities have already crossed to the other side
to ascend in the lateral spinothalamic tract, but pain and temperature
sensation are lost contralaterally below the level of the lesion, because

[ Analgesia, thermanesthesia

[ Weakness, spastic

Weakness, flaccid

Loss of all sensory modalities

Hypesthesia, loss of position sense and discrimination

Fig. 1.17. Spinal cord hemisection syndrome (Brown—Sequard syndrome)



Inasa 1. Pechnekcol, ABMKEHUSA N CUHAPOMbI 67

® QyTOCOMHO-PELIECCUBHOE HAC/IeIOBaHME;
® OTCYTCTBHE INIyOOKMX CYXOXWIBHBIX pe(IeKCOB B HIKHUX KOHEYHO-
CTHX;

® HapyllIeHKEe 3aIHUX CTOJI00B;

® [IOSIBJICHUE IU3apTPUM B TEUCHHUE TISITU JIET ITOC/Ie Havyalia 3a00JIeBaHusI.

JnarHo3 MoxeT ObITh OKOHYATEIbHO YCTAHOBJIEH METOIOM MOJIEKYJISIDHO-
TFeHETUYECKOIO TECTUPOBAHUSI, KOTOPBI ITO3BOJIUT BBISIBUTH OCHOBHOM Te-
HETUYECKUM n1edekT Ha Xpomocome 9.

CHMHIPOM MOpakeHHs1 MOJOBUHDbI MONEPEeYHHKA CIUHHOIO MO3ra (CHHIPOM
Bpoyn-Cekapa)

BceTrpeyaercst penko M, Kak MpaBuio, HermoJHbii (puc. 1.17). Haubonee
paCIpOCTPAHEHHBIMU TIPUYMHAMM SIBJISIIOTCSI TpaBMa CIIMHHOTO MO3ra U
Ipblxka MEXITO3BOHKOBOTO JMCKa B IIEMHOM OTIeje Mo3BoHOUYHMKA. [Ipe-
phIBAaHME HUCXOMSIIMX IBUTATEIbHBIX IyT€il Ha OMXHOI CTOPOHE CIIMHHO-
ro MO3Ta BBI3bIBACT IEPBOHAYAIBLHO BsUIBI Mape3, UIICKIaTepabHO Tape3
HIKE YPOBHSI IOpaXkeHus (Kak MpOosIBIEHUE CIIMHAJIBHOTO 1110Ka), KOTOPHIiA
MO3Xe CTAHOBUTCSI CIIACTUYECKUM M COIPOBOXAAETCs TuIeppediekcueit,
cUMITOMOM bBaOMHCKOTO M Ba30MOTOPHBIMM HapylleHusMu. [lopaxkeHue
3aIHUX CTOJIOOB Ha OJHOI CTOPOHE CIIMHHOI'O MO3Ta BBI3bIBACT MIICUJIATE-

1 Ananreaus, TepmoaHecTesus

] MbiweyHas cnabocTb, cnacTuieckuit

MbilieyHaa cnabocTb, BANbIA

[MoTeps BCeEX CEHCOPHbIX MOAANILHOCTEN

vnecTtesuns, noTeps YyBCTBA MNOMOXEHNSA U ANCKPUMUHALNN

Puc. 1.17. CuHapoM MOJOBUHHOIO MOPaXXeHUs CMMHHOrO Mo3ra (cuHapoM bpoyH-
Cekapa)
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the ipsilateral (crossed) spinothalamic tracts are interrupted. Simple
tactile sensation is not impaired, as this modality is subserved by two
different fiber pathways: the posterior columns (uncrossed) and the
anterior spinothalamic tract (crossed). Hemisection of the cord leaves
one of these two pathways intact for tactile sensation on either side of
the body — the contralateral posterior columns for the side contralateral
to the lesion, and the contralateral anterior spinothalamic tract for the
side ipsilateral to it.

Aside from the interruption of the long tracts, the anterior horn cells
may be damaged to a variable extent at the level of the lesion, possibly
causing flaccid paresis. Irritation of the posterior roots may also cause
paresthesiae or radicular pain in the corresponding dermatomes at the
upper border of the sensory disturbance.

TENDON OR MUSCLE STRETCH REFLEXES

Reflexes

e Tendon or muscle stretch reflexes.

e Superficial reflexes.

e Primitive reflexes.

Reflexes are an important part of the neurological examination and
require some, but minimal, cooperation from the patient. They are ob-
jective evidence of the state of the nervous system.

Examination of a tendon reflex is the examination of the reflex arc
and a number of suprasegmental systems that inhibit, condition, and
modify the quality of the reflex. The segmental reflex arc is made up of
an afferent and efferent system. The afferent system has its cells in the
posterior root ganglion, and its receptors are the muscle spindles and
Golgi tendon organ. The arc is monosynaptic, and the efferent fibers
arise from the anterior horn cells. There are both gamma (to the muscle
spindles) and alpha (to the motor end plates) efferent fibers, and both
are governed by suprasegmental systems. Some people have no tendon
reflexes anywhere. A single absent tendon reflex (except for the jaw jerk)
is an abnormal reflex. The disease is in the arc and is most commonly
in the nerve or root. Diseases of muscle, nerve, root, or cord can
abolish the tendon reflex. Tendon reflexes in the lower limbs are easier
to elicit and more active than those in the upper limbs. Patients who
are young, excitable, or embarrassed often have more active tendon
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