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Vyvoj neuralni trubice v oblasti michy
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Micha

segmentoveé usporadani
vychazi z vyvoje neuralni
trubice a somitu

misni segmenty — 31

misni nervy: C8, T12, L5, S5,
Col

srovnatelna s ,input-output,
soustavou pocitace

sidlo reflexu

pocCatek vzestupnych a
konec sestupnych drah
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Internal terminal
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S4 dural sac

/,//

~— Coccygeal nerve
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Misni dilce = Misni segmenty
C8, T12, L5, S5, Col

sepium medianum posterius
radix dorsalis s suleus lateralis posterior
7 P~ columna posterior
N -

ganglion spinale

/ ramus dorsalis
, N.spinalis
/

nervus spinalis .~
e
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radix ventralis ; ramus

-7 ventralis
nervi
Spinalis

) R
columna anterior fissura " columna anterior
mediana anterior

* korenova vlakna = fila radicularia

 predni koren = radix anterior
 zadni koren = radix posterior
* misni zauzlina = ganglion spinale




SCHEMA VETVENI MISNIHO NERVU

hrbet

6
. cornu posterius 8 7 /

. cornu laterale

. cornu anterius

. funiculus posterior pleny misni
. funiculus lateralis

. funiculus anterior

. radix posterior (senzoria) e .
. radix anterior (motoria) VnIt’I‘nI
9. ganglion spinale organy
(ganglion sensorium nervi spinalis)

10. foramen intervertebrale

11. truncus nervi spinalis

12. ramus meningeus

13. ramus communicans albus

14. ramus posterior nervi spinalis

15. ramus anterior nervi spinalis

16. ramus communicans griseus

17. ganglion trunci sympatici

th & W -

o 1 &N

15 predni strana trupu,
koncetiny



Micha
vnejJsSi popis

* epiconus

 obratle T12-L1

e segmenty L5-S2
* misni kuzel = conus
medullaris

* obratle L1-L2

e segmenty S3-S5
» konsky ohon = cauda
equina (nervova viakna)

e pars spinalis fili terminalis
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Micha — vnéjsi popis 33

« arbitratni hranice mezi michou a prodlouzenou michou
— foramen magnum i~
— deccussatio pyramidum o
— vystup nervus spinalis C1 (n. cervicalis primus) '
* nadureni = intumescentia
— nakupeni neuronu z dlvodu odstupu pleteni pro koncetiny
— cervicalis (C3-T1)
— lumbosacralis (T12-L4)
e podelné ryhy
— fissura mediana anterior (hluboka, obsahuje pia mater)
— sulcus medianus posterior
« septum medianum posterius (z pia mater)
— sulcus anterolateralis (predni kofen)
— sulcus posterolateralis (zadni kofen)
— sulcus intermedius posterior




Micha — pohled zepredu
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nervus spinalis

fila radicularia radicis
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fila radicularia
-radicis ventralis

_ganglion spinale

nervus
spinalis



« sulcus medianus Micha
o
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posterolateralis



Vertebromedularni topografie
Chipaultovo pravidlo

e trny horni C patere = stejné misni segmenty
e trny dolni C patefe = misni segment + 1

e trny horni T patere =m.s. + 2

e trny doIni T patere = m.s. + 3

e obratle T10-12 = bederni segmenty

e prechod T12-L1=epiconus

e obratel L1=conus



Canalis vertebralis
— topograficky prostor

« ventralné: lig. longitudinale posterius
* dorzalne: arcus vertebrarum, ligg. flava

* lateralné: pediculi arcus vertebrae, foramina
Intervertebralia

Obsabh:
* medulla spinalis + fila radicularia

« dura mater spinalis, arachnoidea mater spinales,
pia mater spinalis, lig. denticulatum

* a. spinalis ant., aa. spinales post.

* plexus venosi vertebrales interni (ant. et post.),
VV. spinales ant. et post.




Obsah paterniho kanalu

N. SPINALIS PVVIA - PLEXUS VENOSUS VERTEBRALIS INTERNUS ANT.
DMS - DURA MATER SPINALIS

AVSA - A. ET VV. SPINALES ANT.

PMS - PIA MATER SPINALIS

LD - LIG. DENTICULATUM

RANS - RADIX ANT. N. SPINALIS

RPNS - RADIX POST. N. SPINALIS

MS - MEDULLA SPINALIS

AVSP - AA. ET VV. SPINALES POST.

AMS - ARACHNOIDEA MATER SPINALIS

PVVIP - PLEXUS VENOSUS VERTEBRALIS INTERNUS POST.
PAV - PEDICULUS ARCUS VERTEBRAE

FI - FORAMEN INTERVERTEBRALE

DISCUS
INTERVERTEBRALIS

CORPUS
VERTEBRAE PAV

http://anatomie.lf3.cuni.cz/prezentace_topografie.htm



Obsah paterniho kanalu
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dura mater spinalis, stratum periostale

-7 eavum interdurale (epidurale), plexus venosus
_-~vertebralis internus

) arachnoidea spinalis,
septum subarachnoidale dorsale et dorsolaterale ~

ia mater spinalis e >
p p A - dura mater spinalis, stratum meningeale

corslle - soinal ;
radix dorsalis n. spinal e 10 — cavum subarachnoidale

ganglion spinale et dura mater

dura mater spinalis (incisa) _ " _spinalis

r. dorsalis n. spinalis

I

ganglion spinale -- ------- ; ¥ g . B # transitus durae matris
: »s .’ __--~ ad epineurium

_ r. ventralis n. spinalis

\\ f 2 comn_mnicans cum trunco
sympathico

/
lig. denticulatum



a. spinalis pos!erior\

radix dorsalis n. spinalis cum processu durae

matris et amclmoideae\

n. meningeus posterior,,
s

ganglion spinale — e /o ___

il j r. ventralis

”
| r. dorsalis.-~

r. spinalis a. et v. intercostalis =~
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"=
-

& N ”
\ s
v, basivertebrales et ostium plexus venosi vertebralis interni

cavum subdurale

lamina externa durae matris spinalis = stratum
/ periostale

lamina interna durae matris spinalis
"= stratum meningeale

_. lig. denticulatum

corpus adiposum spatii interduralis

lig. longitudinale posterius

(epiduralis) et plexus venosi verte-
bralis interni, rr. a. spinalis

anulus fibrosus
- disci intervertebralis

v‘/ 721 v'(*‘,_,..

/i.i'.\‘ll:'.(r mediana anterior, pia mater spinalis ¢t a. spinalis
anterior



Ligamentum denticulatum
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Vrstvy

e , Klinické vyuziti
Vv misnim kanale

periosteum = endorhachis

spatium epidurale < epiduralni anestezie
dura mater spinalis

arachnoidea mater spinales < lumbalni punkce /
spatium subarachnoideum spinalni anestezie /

— cisterna lumbalis aplikace léku

pia mater spinalis
— lig. denticulatum

medulla spinalis < elektricka stimulace /
(chordotomie)



Lumbalni punkce

Conus medullanis
Lig. interspinale
Vertebra lumbalis Il
Filum terminale,
Cauda equina
Vertebra lumbalis IV Spatium subarachnodeum

Arachnoidea mater spinalis,
Dura mater spinalis

Veriebra lumbalis V

Promonterium




« subarachnoidalni
anesteézie » epiduralni anestézie

= uspinélu = ,,epidurél“

o..,lumbalka“ — odbér moku !
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Tepenné zasobeni ..., f
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 podelne cevy

* a.spinalis anterior
 neparova vpredu . ) sros
« vznika spojeni kratkych parovych vetvi z a. vertebralis
e pfedni 2/3 michy
e aa. sulcocommissurales — Seda hmota

e aa. spinales posteriores
e parova vzadu (nékdy zdvojena)
« Vvézev z a. basilaris — a. inf. post. cerebelli
* pricné cévy (segmentalni)
* I1. Spinales — a. radicularis anterior et posterior — spojuji

se s podélnymi tepnami — vasocoronae (kolem michy)
* aa. periphericae — bila hmota




Zdrojnice rr. spinales

a. vertebralis
a. cervicalis ascendens
a. cervicalis profunda

 aa. Intercostales
posteriores

 aa. lumbales
 a. lliolumbalis
 aa. sacrales laterales

aa. radiculares

* nepravidelné

« 59

e a. radicularis magna
Adamkiewiczi
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Arteria radicularis magna

. T9_T11 ¢ % intercostal/
° éaStéjl Vlevo (65 %) %bu lumbar artery
- ' o =
« zasobuje 2 =
Intumescentia B %\
lumbosacralis a . % N o

dolni 2/3 michy o

z artery

éﬁ Adamkiewic

Vessels supplying
2 Onihashe the spinal cord

Albert Wojciech Adamkiewicz (1850-1921)



Arteria radicularis magna




* podélne zily
+ pFicné zily
— VVv. basivertebrales
 probihaji skrz obratlova tela, ktera jsou bohaté protkana

L&D & a Al

micha — plexus venosus vertebralis internus
anterior + posterior (ve spatium epidurale)

— VV. radiculares

— VV. Intervertebrales

— plexus venosus vertebralis externus anterior
— nejblizsSi regionalni zily (odpovidaji tepnam)



Micha — vnitrni stavba

 bila hmota (substantia alba) = provazce
— funiculus anterior
— funiculus lateralis
— funiculus posterior

* Seda hmota (substantia grisea) = sloupce
— columna anterior — motoricky
— columna intermedia — autonomni
— columna posterior — senzitivni
» canalis centralis
— mozkomisni mok




canalis centralis ) .
cornu anterius Micha — rez
cornu laterale

cornu posterius

commissura grisea ant.+
pOSt.

funiculus anterior
funiculus lateralis

funiculus posterior

— septum medianum
posterius

commissura alba ant.+
pOSt.

tractus posterolateralis 9
Lissaueri
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Micha — vnitrni stavba
obecné zasady

» podelne usporadani
— vlakna = provazce = bila hmota
— shluky bunek = jadra = seda hmota
* pricne usporadani
— aferentni & eferentni vlakna
— krizeni
« komisuralni (spojkova)
» dekusacni (zkfizena)

* somatotopicke usporadani



SCHEMA VETVENI MISNIHO NERVU

hrbet
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. cornu posterius 8 7 /

. cornu laterale

. cornu anterius

. funiculus posterior pleny misni
. funiculus lateralis

. funiculus anterior

. radix posterior (senzoria) e .
. radix anterior (motoria) VnIt’I‘nI
9. ganglion spinale organy
(ganglion sensorium nervi spinalis)

10. foramen intervertebrale

11. truncus nervi spinalis

12. ramus meningeus

13. ramus communicans albus

14. ramus posterior nervi spinalis

15. ramus anterior nervi spinalis

16. ramus communicans griseus

17. ganglion trunci sympatici

th & W -

o 1 &N

15 predni strana trupu,
koncetiny



REZ MICHOU - SEDA HMOTA A JEJI JADRA

( - substantia gelatinosa /Rolandi/
1 - nucleus proprius columnae posterioris
(zacCatek tractus spinothalamicus a spinotectalis)
2 - nucleus thoracicus posterior /Stilling-Clark/
(zacatek tractus spinocerebellares)
3 - nucleus intermediolateralis
4 - nucleus intermediomedialis
5a - nucleus posterolateralis
(alfa+gama-neurony pro hypaxialni svalstvo)
5b - nucleus anterolateralis
(alfa+gama-neurony pro hypaxialni svalstvo)
6a - nucleus posteromedialis
(alfa+gama-neurony pro epaxialni svalstvo)
6b - nucleus anteromedialis
7 (alfa+gama-n§umn}' pro epaxialni svalstvo)
7 - nucleus centralis




Laminae spinales Rexedi |-X

= nucleus marginalis (apex cornus posterioris)
| = substantia gelatinosa Rolandi (caput c.p.)
lI+1V = nucleus proprius (cervix c.p.)
V = cervix c.p.
VI = basis c.p

VIl = cornu laterale + zona intermedia
— ncl. thoracicus posterior Stilling-Clarke
— ncl. intermediolateralis
— ncl. intermediomedialis

VIII+IX = cornu anterius

— ncl. anterolateralis, anteromedialis, posteromedialis,
posterolateralis, centralis

X = commissura grisea ant. + post.




Druhy aferentnich
viaken

Aa — svalova vreténka,
Slachova vreténka

A — kozni
mechanoreceptory

A6 a C - nOCice pto ry Fig. 4.10. The terminal regions of the dorsal

root fibers in the cord. The thickest myelinated
fibers (Ac, from muscle spindles and tendon or-
gans) end in the deep parts of the dorsal horn and
partly also in the ventral horn. Thick, myelinated
fibers from cutaneous mechanoreceptors (AB)
end in laminae 11I-VI1. The thinnest myelinated
and unmyelinated dorsal root fibers (Ad and C)—
many of them leading from nociceptors—end in
laminae I, 1I, and parts of V. Based on experi-
ments with axonal transport of tracer substances.



A-delta

Fig. 4.17. Signal transmission from nocicep-
tors in the spinal cord. The terminal region of
thin dorsal root fibers leading from nociceptors,
and the position of cells sending their axons to

the opposite thalamus (spinothalamic neurons).
Note that lamina II (the substantia gelatinosa) re-
ceives many C fibers, but the neurons of this lam-
ina do not send their axons to the thalamus.



Regionalni rozdily v mise

Kréni micha c7
— ncl. nervi phrenici (C3-5)
_ iy Intermediomedial
— ncl. nervi accessorii (C1- cell column
6)
— ngl. sp.ln.alls nervi haceus
trigemini (C1-2) !
— RF nahrazuje ncl. intermediomécia
intermediolateralis S e
hrudni micha
— ncl. intermediolaterlis
(C8-L3)
vrwv ’ ’ S2
Kfizova micha
] . Intermediomedial
— ncl. nervi pudendi (S2- cell column

S4) = Onufovo jadro

autonomic
nucleus



Lateral white matter
(axons from motor cortex)

(95 "

B <o,

Proximal Distal

muscles s muscles

X //

Medial white matter
(axons from brainstem)

NEUROSCIENCE, Fourth Edition, Figure 17.1 (Part 1) ©2008 Snauer Asscciaes, .
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Somatotopické usporadani
(Kahlerovo pravidlo)



http://anatomy.yonsei.ac.kr/scripts/home/pic_view.idc?name=CH5-PI4
http://anatomy.yonsei.ac.kr/scripts/home/pic_view.idc?name=CH5-PI4

Drahy v mise

« ascendentni (aferentni, vzestupnée)

— somatosenzitivni a viscerosenzitivni informace
konverguji v misnich nervech

+ descendentni (eferentni, sestupne)
— somatomotoricke
— visceromotorickeé (autonomni)

e krizeni drah !!!



Vzestupné drahy

modalita: dotyk, bolest, teplo-chlad,
polohocit (propriocepce, kinestezie)

receptor: exteroceptory, interoceptory,
proprioceptory

1. neuron: ganglion spinale
2. neuron: micha / mozkovy kmen
3. neuron: talamus (nuclel ventrobasales)

zakoncéeni: mozkova kura, mozeckova kura,
mozkovy kmen
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REZ MICHOU - BILA HMOTA A JEJI DRAHY

1 - fasciculus gracilis /Golli/

2 - fasciculus cuneatus /Burdachi/

(jen v oblasti hornich Th a C segmentu)
3 - tractus spinocerebellaris posterior

4 - tractus spinocerebellaris anterior

5 - tractus corticospinalis lateralis

6 - tractus spinotectalis

7 - tractus rubrospinalis

8 - tractus spinoolivaris

9 - tractus vestibulospinalis (med. et lat.)
10 - tractus tectospinalis

11 - tractus coticospinalis anterior

12 - tractus spinothalamicus anterior

13 - tractus spinothalamicus lateralis

14 - fibrae reticulospinales

15 - tractus spinoreticularis

16 - fasciculi proprii

'ﬁ. .‘-



Vzestupné drahy

 tractus spino-bulbo-thalamo-corticalis
= draha zadnich provazcu = lemniskalni systém =
fasciculus gracilis + cuneatus

— polohocit, jemna kozni citlivost, diskriminacni cCiti, tah,
tlak, vibrace

tractus spinothalamicus ant.+lat. =
anterolateralni system

— rychla bolest, teplo + chlad, hruba kozni citlivost

tractus spinoreticularis
— pomala bolest

tractus spinocerebellares ant.+post.
« adalsi...... ©



Sestupné drahy

 tractus corticospinalis = pyramidova draha
— hlavni motoricka draha — volni motorika
— 1. neuron — mozkova kura (pyramidova bunka)
— 2. neuron — alfa-motoneurony — misni nerv

 mimopyramidoveé (extrapyramidoveé drahy)
— mimovolni motorika
— tr. vestibulospinalis — posturalni svaly
— tr. reticulospinalis — gama moto-neurony

— tr. rubrospinalis (rudimentarni)
—adalsi ©



; N
Mozek Micha
1. neuron ., 2. neuron
v prislusnem segmentu

obrna (neuplné postizeni)

uplna obrna i

4 koncetiny
polovina téla podeélné (1HK a 1DK)
postizeni obou DK

postizen 1. motoneuron
= SPASTICKA obrna
postizen 2. motoneuron
= CHABA obrna



Priklady misnich postizeni

B

ztrata Citf bolesti a tepelnych podnéta
ﬂ]]]]]]]]] ztrata propriocepce

—_—
—_—
_

ztrata Citi bolesti, tepelnych podnétd, propriocepce

A. transversalni misni léze

B. Brownuv-Séquardiv syndrom (misni hemisekce)
C. syndrom a. spinalis anterior

D. hemisféricky syndrom




Cauda equina — koreny L3-S5

parézy asymetrickeé (podle postizenych
kofenu), periferni = chabé (svalova atrofie,
areflexie, hypotonie)

poruchy Citi

korenove — asymetricke hypestézie + bolesti

— perianalné, perigenitalné (i hemi-, mensi rozsah)
sveracove poruchy

akutni retence moce

retence stolice, popr. sexualni poruchy

pricina: kaudalne od obratle L2, nejCasteji vyhrez
plotenky = diskopatie (L4/5, L5/S51...)



Misni konus — segmenty S3-S5

neni paréza DK !l
— jen kratké flexory prstcu nohy a svaly panevniho dna

poruchy Citi — sedlovité, perianalni, perigenitalni,
na vnitfni a zadni strané stehen (i S2)

bolesti sedlovite do hraze a hyzdi

sveracove poruchy:

— autonomni mocovy méchyr (retence moce)

— Inkontinence stolice

sexualni poruchy (poruchy erekce a ejakulace)
zobrazeni — v urovni obratle L1
suspektni expanzivni proces




Misni epikonus, segmenty L5-S2

* paréza jako pri korenove lézi L5 + S1 — omyly !!
paréza extenzoru nohy, svalul na predni i zadni

strane bérce = vaznou obe flexe nohy a flexe
bérce

» porucha Citi (zadni strana DK a distalne od kolen)
« autonomni mocCovy mechyr

* sexualni poruchy (poruchy erekce a ejakulace)

« zobrazeni je nutné v urovni obratlu... T12/L1!

* nejde o vyhrez plotenky, ale suspektni expanzivni
proces!



Kazuistika 1

« 33ti-leta pacientka prichazi s velkymi
bolestmi zad, radikulopatii (postizenim
korenu) na levé DK a zhorsSujici se
inkontinenci moci

« Ktery usek patere byste dali vysetrit
zobrazovacimi metodami (RTG, CT,
MR)?



Vysledek vysetreni

1 »

CT myelogram

Sipka ukazuje na intramedularni Utvar, ktery byl identifikovan
jako nador z tukové tkané — lipom.



Kazuistika 2

« 60ti-leta pacientka privezena s rychle se rozvijejici
paraplegii a kompletni anestézii dolni poloviny tela

* Vv 0sobni anamnéze ma operaci vydute brisni aorty
Které drahy jsou postizeny?

O jak rozsahlé postizeni michy ,na pricném rezu” se
jedna?

Jaka by mohla byt pricina nahle paraplegie?



Vysledky vysetreni

s» ”\"_

“\/

MR T-L patere
iIschémie u T5 +
konus




A: CT bricha —
Sipka ukazuje na vydut
aorty

B: CT bficha — sipka
miri na atrofickou
levou ledvinu




