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How the brain works.

Jaké jsou programy a poruchy pohybu?



Prednasky o (C)NS
ze specialni patologickeé fyziologie

1 (Uvodni pfednaska) Bolest/ senzorické poruchy
2 Zakladni syndromy NS

3 Patofyziologie specialnich smyslu

4 Poruchy kognitivnich funkci, poruchy vedomi,
mozkova smrt

5 Motorika a pohybovy aparat



Poruchy motoriky/ poruchy hybnosti/

Poruchy pohybu

= Poruchy svalu

= Poruchy dolniho motoneuronu

= Poruchy horniho motoneuronu

= Poruchy bazalnich ganglii

= Poruchy mozecku

= Poruchy pasivniho hybného aparatu




,Dolni“ motoneuron + nervosvalova
jednotka a jeji poruchy

neuropatie myopatie



— A. Diseases of the Motor Unit

Poruchy motoricke jednotky

Amyotrophic
lateral sclerosis

Spinal
1 | muscular atrop

Poliomyelitis | —

i
hﬁ’“ 5 —>

—>

Autoimmune

Metabolic

(B,, B,, deficiency,
diabetes mellitus)

‘ of-motoneuron

2 TDIE C —'/
(lead, alcohol) /
Genetic (Charcot-
Marie-Tooth syndrome)
Autoimmune
3 Genetic

Death of supra- Hyperreflexia,
spinal neurons spasticity
Death of

RS —» Fasciculation

Paralysis

Slowing of conduction veloctty,

(sensory loss, paresthesias)

Fibrillations

———> disorders of sensory functions

Paralysis

Paralysis




Vitamin B1, thiamin - energeticky a uhlohydratovy
metabolismus, beri-beri, Korsakovuv syndrom,
ecefalopatie

Vitamin B12, kobalamin —
perniciozni anemie, porucha bunecneho deleni,
defektni produkce myelinu

Pb (olovo) — neurotoxicita, demyelinizace, receptorove
a inhibiticne-excitacni poruchy

Poly-radiculo-neuritida/ Gullain-Barre syndrom/
vzestupna paralysa

(vznika nasledne po bakterialni/ Ci virové infekci, pato-
geneze je imunopatologicka, dochazi k_demyelinizag;i)



Poruchy neurogenni a myopatie

Klinické nalezy Neurogenni |Myopatie
Svalova slabost, ++ ++
ochablost

Ztrata reflexu + 0
Fascikulace + 0
Ztrata senzoriky + 0
Vyskyt abnormalnich + 0

reflexu (Babinsky)




Poruchy dolniho motoneuronu

* Poruchy perifernino nervu

— Axonalni degenerace; uraz — Wallerova
degenerace

— Axonalni demyelinizace (Guillain Barre syndrom)

Tyka se motoriky i senzoriky (area nervina)

* Poruchy tela a-motoneuronu

— Zanetlivé zmény (napr. poliomyelitis)



Poruchy dolniho motoneuronu

* Poruchy pouze motoriky
— motoricka jednotka (fascikulace)
— atrofie se tyka celych motorickych jednotek

— po denervaci nastava nejprve fibrilace
jednotlivych svalovych vlaken, pak jejich
atrofie
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Horni motoneuron

= Pyramidova draha “?

nebo

= Extrapyramidovy systém ?
Zjednodusene: je to centralni neuron, dava

vzniknout cortico-spinalni (pyramidove)
draze a jsou zde i dalsi sestupné systemy
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Porucha horniho motoneuronu,
priznaky
= plegie, paralyza, paréza
= gpasticita
= priznak sklapovaciho noze
= hyperreflexie
= Kklonus

= abnormalni exteroceptivni reflexy
(Babinského reflex, vymizeni abdominalniho,
cremasterového r.)

= (neni atrofie, nejsou fascikulace)

12



Horni motoneuron: jeste jednou co to je

Je to klinické oznaceni pro sestupne
motoricke systémy, nikoli jen pro tr.
kortikospinalis

Mozek — lateralni priznaky, hemiplegie

Micha — segmentalni priznaky, paraplegie,
quadruplegie
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Poruchy
horniho
motoneuronu

— A. Lesions of the Descending Tracts
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Spasticita

= Zvyseny odpor kladeny pasivnhimu
pohybu, ktery se zvysovanim rychlosti
pohybu zvysuje (fenomeén sklapovaciho
noze, “nuzkovita” chuze)

= Spojena s hyperreflexivitou

= Centralni spasticita (patol. excitace)

= Spinalni spasticita (interneurony)
— Flexorovy reflex

— Spasmus extenzoru (fragment lokomoce?)
— Senzoricko-motoricke reflexy
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Right leq supports Right leg
advances
Gait cyde s

stojna faze svihova faze

Normalni
chuze
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. S \ Knee instability
{quadriceps paresis, leg dorsally
angulated)

Posture and gait in youth
(left) and old age (right)

Ataxic gait Spastic gait

(right hemiparesis)
Hypokinetic

Spastic gait -rigid gait Psychogenic gait disturbances
(spastic paraparesis) (left, Parkinson disease; nght., start (histrionic movements)
delay /qait apraxia)

advances
.

Cait cyde

1 Steppage gait: kohouti chlize:
ascending paralysis, polio,

2 Atakticka chutize: lack of
co-ordination, cerebellar,
sensory, etc

3 Spasticka, nuzkovita ch. —
upper motoneuron paresis

4 Hypokineticka, balisticka, etc —
extrapyramidova porucha

5 Problémy skeletu/ vaziva

6 Other/ antalgic/ psychiatric

Poruchy
chuze ~



Poraneni Centralniho Nervoveho
Systemu (CNS).
Poruseni michy,

Spinal Cord Injury (SCI).
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Misni sok u ¢loveka

Phase Time Physical exam finding  Underlying physiological event

1

2
3
4

0-1d Areflexia/Hyporeflexia Loss of descending facilitation - J'
1-3d  Initial reflex return Denervation supersensitivity J

1-4w Hyperreflexia (initial)  Axon-supported synapse growth
1-12m Hyperreflexia, Spasticity Soma-supported synapse growth

In both
meningeal irritation
and spinal shock
extensor systems
take over
flexor systems
Decerebration

Poloha u meningealniho drazdeéni poloha u misniho soku
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Poraneni CNS versus
poraneni perifernino nervu

CNS neregeneruje

PNS regeneruje, Wallerova degenerace a regenerace,
axonova reinervace...

lepsi
Cim to je, to je aktualni vyzkumny problém...
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Progrese poraneni CNS
(Misni poraneni jako model)

Lokalni edem v misté poranéni, ktery vede ke snizeni
perfuze, to jest k ischemii

Uvolnéni glutamatu a jeho excito-toxicita pro neurony a
oligodendrocyty v misté poraneni

Infiltrace imuno-kompetentnich bunek (mikroglie,
neutrofily)

Toxicita volnych radikalu
Apoptoza/ nekroza
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Pathophysiology

¢ Common Sites
oC5-6and T12 — L1

¢ higher the injury, the greater the motor/
sensory loss: refer to syllabi/dermatomes

¢ neuro dysfunction depends on the level of
the injury
© T1 or above QUAD (tetraplegia)
© T2 or below PARA
© Above C4  Resp. Paralysis
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Pathophysiology (Extent of Injury)

Complete

¢ Loss of voluntary
movement/sensation
below the injury

¢ reflex activity below
level of lesion may
return after spinal
shock resolves

¢ worse prognosis for
recovery--

Incomplete

¢ (1) Varying degrees
of motor/sensory loss
below the level of
injury & (2) central,
lateral, posterior
injury
¢ Three tyvpes

¢ Central Cord

¢ Brown-Sequard

¢ Anterior Cord
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cortico-spinal tract

Incomplete cord injuries

Central Cord Syndrome

Anterior Cord Syndrome

A >

Brown-Séquard Syndrome

Anterior spino thalamic tract

Casteéna
poraneni
michy -

typologie
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Incomplete Spinal Cord Injury (SCI)

Incomplete SCI BROWN-SEQUARD
(cord hemi-section)

Areaon

- On same side as injury--
loss of motor, touch,
pressure, vibration
BUT, pain/temp intact

On opposite side of
Loss of pain and temperature injury--loss of

T S b pain/temp BUT,

™ Loss of voluntary motor motor, touch, sensory

trol the same side - . .
a5 the cord demage vibration intact

Cause:

3Irown-Séquard Syndrome
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— D. Hemiplegia

Right half of spinal cord
severed between L1 and L2

i

Motor Tracts of
the posterior

tracts |
- funiculus

_ Tracts of
- 7 the antero-
g /" lateral funiculus
‘\.\ ,-'K
| b '
Ipsilateral [ > <3 Contralateral
| \‘“ﬂ-\‘--'“\-\‘:-:
| S,
Loss of tactile | @T
sensation | i‘;:@
g, o,y
| Loss of
Motor | =55 nociception and
paralysis “‘;‘: temperature
-~ sensation
~

""I-\.' !'_.l
TIrFy
1/

Patogeneze
Brown-
Sequard-ova
syndromu

27



.2V Ig1atsloisinA
Isazinmald IsibsM nmulo Is210d

nmulod Isz1ob Is1atslizgi \b10d Isnigz 19tns 2uazinmsl IsibaM =
anilbim 22012 € islbun nmuloa Is210b no szgenyz <sllubam<
aumslsr? Ie1916l61in02 0f bniadzs €

b1od lenigz ni 2922012 noitsmiotni mataye le19islorsinA -

noizal b1oa Ienigz Is1atslinlU *

L
rlamoctl wevendh | T




Anterolateral vs.
Dorsal Column Medial Lemniscal

« Medial lemniscus enter spinal cord, ipsilateral dorsal column
->medulla=> synapse on dorsal column nuclei=» cross midline
-» ascend to contralateral thalamus

* Anterolateral system information crosses in spinal cord

= Unilateral spinal cord lesion
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Centralni neuplna misni
porucha —
typicka prevaha motorickych poruch
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Incomplete SCI  ANTERIOR

loss of motor,
pain/temp

mixed sensory loss

touch, proprioception,
vibration remains
intact

Cause:

Anterior Cord Syndrome
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Lateral Thalamocortical tract

spinothalamic

tract Postrentral gyrus,
somatotopy

Anterior

spinothalamic Ventral postero-

b lateral nudeus of

i | | thalamus

o |

cerebellar | \

fract ¥

=2 f— Cerebellum
Anterior and
posterior

spinocerebellar
tracts

Medial
leminiscus

1.||:1eu5 gracilis {leg),
: A nudeus cuneatiss (arm)
l.."

)

"

Slight over-
lapping of
aj;"acent

| cutaneous
nerves

%=

Externsive overlap- \ \
ping of adjacent
roots

I Pseudounipolar

i nerve cells,
spinal ganglion [H
Areas of innervation

: (left, nerve roots [demmatomes]);
right, cutaneous nerves)

Vater-Pacini

corpuscles i
Free nerve endings
{pressura) 4 {pain, termparature)
Meissner's '
corpuscles s |
Eensair Hairs
Amector m. — [touch

Deep sensation i Pairy,
{propricception) Vibration Touch, pressure temperature

4 modality
hmatove:

1 hluboké,

2 vibracni,

3 jemné dotykové,
4 bolest a teplota.
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4 modality
hmatové:

1 hluboke,

2 vibracni,

3 jemné dotykove,

T
er-Pacini 2 : --:
b i ) 4 bolest a teplota.
(pressure) g > (pain, temperature)
Meissner's .
corpuscles . ”\i
= ﬂ

Arrector m.

Deep sensation

Pain,
(proprioception) Vibration Touch, pressure temperature
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Incomplete SCI

conus medullaris/cauda equina

¢ Compression of lumbar-sacral area
¢ Conus T11-L1
¢ Cauda L2-sacral

¢ Better prognosis because injury in “horse tail™” area
¢ Loss of motor is variable

¢ Sensory unimpaired

¢ Flaccid bowel and bladder

¢ Impaired sexual function
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— C. Paraplegia

Frontal
suUperior gyrus

‘Micturition center’

in pons — - A
|
|

Reflex loop ——

i
- - ' o
- \
-
Sympathetic — >
Distension Inferi :
receptors nferior mesenteric
ganglion
| |
S
!,{A
L @
I
Para-

sympathetic =

Pudendal nere

Automaticke
vyprazdnovani
mocoveho
mechyre

u paraplegie
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Spinal reflex arc
(sacral mictuntion center)

Inferior
mesentEnc

meural control of urinary bladder
(ELISM = extermnal uretheal sphincter mo)
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Neural control of circulatory system

Effects of standing wpright-

= Sympathetic activity ¢

= Vagal tone ¢

= Renin-angiotensin system ¢

« Blood fiow to skin/fat/musdes &

37



Glasgow Coma Scale

Eye opening (E)
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Motor response 7 conversation=4 i
Abnormal flexion to pain (decorticate) 3 Oriented =5 i o o
Abnormal extension to pain (decerebrate 2
B ( } Coma score (53}& V)=3to 15
None 1



Glasgow coma scale, doplnky

Spontaneous move ments
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Lokomoce pomoci svalu

* Motors - hybné prvky
- Flexory a - Extensory
* Brakes - brzdy

e Springs - pruziny

o Struts - vyztuze, péra
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Lokomoce, svaly Cloveka

Priklady
* Hybné prvky, motory - Flexory biceps fem.
a — Extensory: quadriceps fem.

» Brakes — brzdy: biceps surae
* Springs — pruziny: ditto, Achillova slacha
o Struts - vyztuze, péra: posturalni svalstvo
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Zvlastni skupiny

Dychaci svaly (bézi porad)

Zvykaci svaly (nejsilngj$i na prafez)
Fonacni (vokalizacni) svaly (zdroj hlasu)
Svérace (horni jicnovy a dalsi)

,Brisni lis”

Extensory — svalovy korzet

Mimicke svaly (m.lev.lab.sup.et ang.or.)

Svaly okohybne (+ zdvihac vicka), a
dalsi... 42



Poruchy vaziva/
Poruchy pohyboveho aparatu
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Pohybovy aparat
Struktura - Funkce - Fysiologie

Kosti, klouby a svaly
— Pohybovy aparat, (endo)-skelet

— Slozky: svaly, slachy, vazy, bursy, kloubni
pouzdra, klouby, kosti

— Pocet kloubu = pocéet stupnu; volnosti

— Extense, flexe — rozsah, stabilizace, ramec
pohybu
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Poruchy pohybového aparatu

« Kosti — vyvoj, rust a homeostaza slozek:
— Mineraly — kalcium, fosfat
— Proteiny - kolagen
— Vitamin C, D — kurdéje, krivice
— Skupina fibroblasti — (osteocyty), (osteoblasty),
(osteoklasty)
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Zlomeniny

* ”"Prosta’ zlomenina

« Patologicka zlomenina: u kostni cysty,
osteomyelitis, osteoporosis, osteomalacie,
osteogenesis imperfecta, krivice, renalni
osteodystrophie, nadory, et cetera

Zavrena — Cista, asepticka

Otevrena — nebezpeci infekce
Kompresni — tristiva

Impresivni — napriklad na lebce
Vpacena — ditto

Spiralni — a dalsi, podle pusobeni sily
Proutkovita — s periostem in situ

46



Hojeni zlomeniny

« Primarni (pfime) hojeni: repozice, imobilizace,
tvorba svalku

« Sekundarni (neprimeé) hojeni: ditto,

proces aseptického zanétu, prodlouzené hojeni

« Dalsi: pakloub (= pseudo-arthrosis)

- Dalsi komplikace: poruchy fixace, metabolické
poruchy (Ca2+), infekce (osteomyelitis),
kolagenové poruchy (= osteogenesis imperfecta)
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Metastaticka kalcifikace:

(pri zvysenych serovych hladinach kalcia)
lokalizovana v epiteloidnich tkanich,

kde je carbo-anhydraza:

| Plice

Pankreas

Ledviny

Zaludek;

Kde je

H2CO3 a kde se
» acido-bazicka

f rovhovaha

=¥ pohybuje.
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Osova symetrie/ poruseni symetrie
Situs viscerum inversus
a jeho patogeneze

elenes w.lunio imas

semi circular canals

elliptical window wobniw Issitaille
circutar window vestibulai sludileay wobniw 18luziia —
7 nerve svion T ~ snnig

p\nr\a"’
auditory satibue
A nerve ovien i
cochlea Bsldaoa

tympanum cavity \dives munegrgd

eustachian tusdu nsifostzus
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U kostnich nemocil,
JSOU charakteristicke fenomenologie

Vrozené deformity — vyvojové poruchy, priklad: thalidomid

« Osteomyelitis — kostni infekce, modifikované znaky zanétu,
zCervenani, porusené tepelné pocity, horeCka, tachykardie,
nausea, ubytek vahy

» Krivice — (avitamindza D v detstvi) kostni deformity, kolena
do —X, do -0, gibbus, poruchy tvaru lebky, poruchy dentice,
uzlovita rozSifeni na koncich zeber a kloubu

« Osteomalacie — svalova slabost, ztrata vahy, kostni
deformity, zlomeniny

« Osteoporosis — snizeni vySky z kompresnich zlomenin
obratlu, kfehkost kosti a sklon k zlomeninam
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« Pagetova choroba (osteitis deformans) —
zvetseni lebky, zvetsené otvory meziobratlovych
vystupu paternich kanalu, deformity nohou

* Kostni tumory — osteosarkom/, Ewinguv
sarkom, nebolestivy kostni vystupek,
(patologicke), nebolestivé zlomeniny bez
traumaticke priciny, a/ nebo atypické bolesti,

napriklad priznakem mnohocCetného myelomu
muze byt bolest zad...
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Vybrané poruchy kloubu a vaziva:

« Arthritida, artréza — v patogeneze je zanétliva
slozka, namaha kloubu pfri vysSi hmoynosti,
omezeni rozsahu pohybu, ostruhy, muze
poskytovat jednotlivée klouby i vetsinu

* Dna, hyperurikémie — bolestivost pri zachvatu

* Infekcni arthritidy — bolestive

* Bursitis — bolestivost zejmeéna pri pohybu

« Dalsi syndromy — podle mechanicky odliSenych
a zatizenych jednotek — syndrom karpalniho
tunelu, tenisovy loket, atd.

 Pri tezkych artrotickych zménach zustava hybny
celistni kloub 52



Vrozené poruchy kolagenu/

typické fenomenologie
vetsinou celozivotni defekty

« Osteogenesis imperfecta - defektni kolagen typu
1, geneticky heterogenni

« Alportav syndrom — defektni kolagen typu 4,
poruchy sluchu, zraku a ledvin problems due to
defective basilar membranes in specialized
epithelia (téz geneticky heterogenni, jak
autosomalni, tak gonosomaini)

* Marfaniv syndrom — autosomalmé dominantni,
defekt fibrilinu, to je slozka extracelularni matrix,
defekty skeletu a kardiovaskularnino systému.

» Ehlers-Danlostv syndrom — porucha kolagenu ~



Dalsi poruchy vaziva

« Systemovy lupus erythematosus - auto-imunni HLA
asociovany, genetika ?, hormony ?, selhani ledvin, doziti
(v r. 1950 < 5 let), nyni s terapii prumérné

 Rheumatoidni arthritis — progresivni polyartritida (doziti
0 5 — 10 let meéneé), invalidizujici onemocneni
pohyboveého aparatu

« Scleroderma — auto-imunni?, vyssi proliferace vaziva,
prehnana zanetova reakce...plicni hypertenze, plicni
fibroza, selhani ledvin < 5

(O lecbé techto onemocnéni Ize Fici obecné:

é&ba)
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... konec “posledni’prednasky, ...

...dotazy/ ted' je to na vas...

Dékujeme
Za pozornost
Vse dobreé...

95
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