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Opérny systém - kostra
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Hlavni funkce kosterni soustavy

* Opérna konstrukce téla

* Ochrana organu — lebka, hrudni kos, panev
* Pohyb - tésné spojeni se svaly, systém pak
* Krvetvorba a ukladani energie - kostni dren

e Zdroj mineralu (Ca)



Opérny systém

e Kosti, chrupavky — 20% hmotnosti
e Celkem primérné 206 kosti
e Kostra osova — axialni— 80 kosti

* |lebka

e pater

* hrudni kos

Kostra koncetin - apendikularni
* horni koncetiny — 64 kosti
* dolni koncetiny — 62 kosti
* pletené—-ramenni a panevni

e Kostni spojeni
* klouby
* chrupavky
* vazy
e srlsty - Svy
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Typy kosti
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Typy chrupavek

* hyalinni - povrchy
kosti a kloub

e elasticka - boltec,
epiglotis

* vazivova - symfyzy

* klouby

o Cartilages
* zebra ne cart
Hyaline cartilages
°p lotén ky — /--‘-‘ -”,%'—?g:kgiffgfz?,:;.age Elastic cartilages
of a joint 1 n knee join
° hrtan . Fibrocartilages
e Spony (symfyzy) |
¢ m e n i S ky il support the rgsgni'laatgf;ti:i;:sea:(écgl:yzzea:: rctii::\?viss?:;rately

at right.



Slozeni kosti
e 10-20% voda

e Kostni hmota
* 30% organicka hmota (matrix) - kolagen
* mineralni latky
* hydroxyapatit (podlouhlé krystaly) — Ca, P — pomeér 1,3-2
* Na, K, Mg, uhlicitan, Sr (stroncium)
* mineralni+organické latky — princip cihel a malty
* Bunky
* hematopoietické

» osteoblasty — pohyblivé, tvorba osteoidu/osseinu (kolagen |,
osteokalcin, osteonektin,..), tramecky

e osteocyty — nepohyblivé, ukladani mineralnich latek, oprava
mikrofraktur

 osteoklasty — bunky odbouravajici kostni tkan (makrofagy),
regulace az 1500 osteoblastl, metabolismus Ca (PTH)



Stavba kosti

* Periost(eum) (okostice) —az 2mm
e cévnia nervové zasobeni
* rast do tloustky

* Hutna kost — kompakta (80%)
» diafyza — stfedni usek dl. kosti
* jednotka - Osteon (Haversuv systém)
* pevnost X

* Houbovita kost — spongioza (20%) ? N k%

» epifyza — kloubni hlavice

e tvar na zakladé tlakd a tah( N &
* metabolismus (osteokalcin), remodelace %

Diafyza — stredni usek



(Haversian system)

Osteon (Haversuv systém)

Compact bone Spongy bone

Perforating
(Volkmann's) canal

Endosteum lining bony canals
and covering trabeculae

Circumferential

lamellae

(@)

‘APerforating collagen fiber bundles

Lamellae < b' Periosteal blood vessel
\

Periosteum

soustredné trubicovité lamely (kolagenova vlakna)
lakuny — canaliculi, osteoblasty, osteocyty
Haversuv kanalek — cévy, pojivo, nervy
Volkmannovy kanalky — propojeni osteonu,
okostice a kostni drené

Artery with
capillaries
Structures
in the Vein
central Nerve fiber - .
canal Ve

II' i Lamellae
Collagen ALY
fibers (AN Y
run in X N
different 4
directions ‘ ‘

Osteocyte
in a lacuna

(b)



Spongidza

* trabekuly — tramce

* vyplnéno kostni dreni,
adipocyty, nervy, cévami

Marrow space

Trabecula

Osteocytes

Endosteum

Osteoblasts




Kostni dfen (medulla ossium)

 vypln dutin kosti (hlavné dlouhé a ploché kosti)
* rosolovita tkan

e Cervend =2 Zluta = sSeda

e Cervena - misto krvetvorby (hematopoiéza)

e Zluta — tukové vazivo

* Seda — vazivo po ztrate tukovych bunék



Osifikace — kostnateni, tvorba kosti

1.

mezenchymalni buriky = osteoblasty tvofici
osifikaCni centrum

osteoblasty produkuji osteoid (ossein), ktery
kalcifikuje, chycené osteoblasty = osteocyty

Tvorba periostea kondenzaci mezenchymalnich
bunék, vaskularizace

Tvorba hutné kosti, Cervené kostni drené

Fibrous
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Osifikace dlouhé kosti

Week 9 » Month 3 » Birth —— Childhood to adolescence

Area of
deteriorating
cartilage matrix
Hyaline P T
cartilage \
l ' Spongy
bone
4 \ / formation
—_ ' e
Bone 'l Blood
collar ] \ vessel of
Primary f periosteal
ossification bud
center /
@ Bone collar forms @ Cartilage in the @ The periosteal @ The diaphysis @The epiphyses ossify.
around the diaphysis center of the diaphysis bud invades the elongates and a When completed, hyaline
of the hyaline calcifies and then internal cavities and medullary cavity forms. cartilage remains only in
cartilage model. develops cavities. spongy bone forms. Secondary ossification the epiphyseal plates and

centers appear in the articular cartilages.
epiphyses.



Remodelace kosti

Ca2+ pod 9 mg/dI

Parathyreoidalni hormon (PTH) x kalcitonin

aktivace osteoklastu — uvolnovani mineralt z kosti do cirkulace

aktivace osteoblastl — ossein = hydroxyapatit

Funkce — metabolismus mineral( v téle

Trabeculae of spongy
bone covered with
endosteum

Osteoclast Osteoblast New Osteoblast
_\ bone_\

Resorption of bone Deposition of new
matrix by osteoclasts bone by osteoblasts



Kostni spoje

* Pevné, pruzné, souvislé
* vazy (syndesmozy) — napr. Svy
e chrupavky (synchondrézy) — napr. ploténky

* srusty (synostozy) — kfizova kost
* Kloubni .
Ve v 4 7’ ] . ’:‘. '
* chrupavcita kloubni hlavice a jamka ) ok
. , , i
e vazivové kloubni pouzdro Mg |
) ' »:‘." | / Ligament
* syn. membrana e -
* synovialocyty A — fagocyty \ i i / Symovial i)
* synovialocyty B - kolagen a elastin — - e T
* synovialni tekutina e\l =
AR/ I oo
* filtrat plazmy + kys. hyaluronova + buriky it A
* VyZiva, reparace, pruznost, snizeni treni ;f, P

* borélie



Choroby kosti

* metabolické
e osteoporodza
* osteomalacie a rachitis
* Pagetova choroba

 fraktury
e zanéety
* osteomyelitida

e parodontdza (=paradentdza, parodontitida)
e osteoartritida

* nadory
* primarni — osteosarkom, chondrosarkom
e sekundarni (metastazy)

e poruchy zakriveni patere - hyperlordoza, hyperkyfoza,
skolidza



Fraktura kosti a jeji hojeni

@ A hematoma forms.

Hematoma :
]

Internal
. callus

 (fibrous

tissue and
cartilage)

@ Fibrocartilaginous
callus forms.

vessels

Spongy
bone
trabecula

@ Bony callus forms.

Bony
callus of
spongy
bone

Healed
fracture

@ Bone remodeling
occurs.



Osteopordza

ﬁtréta kostni tkané — nerovnovaha mezi tvorbou a odbouravanim
osti

Zvysené nebezpedi fraktur

Starsi lidé

Hormonalni pricina - nerovnovaha mezi PTH a Kalcitoninem

Zeny — menopauza, Ubytek estrogenu vede ke zméndam v osifikaci
Spatna vyZiva — nedostatek vapniku, vitaminu D a K, podvyZiva
Nedostatek pohybu

NORMAL BONE OSTEOPOROSIS

(b) Osteoporotic bone



Osteomalacie (hypomineralizace)

* u déti rachitis — krivice
* nedostatek vitaminu D, Ca2+ a fosfatu nebo jejich
Spatny metabolismus

* hromadéni proteinu, které inhibuji mineralizaci
(osteopontin)

* projevy — bolest, slabost, kfrehké kosti




Pagetova choroba

* nerovhovaha mezi osteoblasty a osteoklasty
* lamavost a Spatna remodelace

* mUze vést k patologickym projevim — artritida,
kardiovaskularni choroby, ledvinové kameny, ztrata
sluchu

e geneticka pricina —40-50% mutace v genu SQSTM1
(sequestosome), reguluje funkci osteoklastu




Fibrodysplasia ossificans progressiva

» Kostnaténi mékkych tkani (svalt a vaziva)

NI e

e geneticka pricina, mutace regulacniho genu ACVR1

* Endotelialni bunky se méni na mezenchymalni a
posléze na kost




Periodontitis (paradontéza)

e zanet dasni (gingivitis) — bakterie (Porphyromonas
gingivalis)

e aktivace neutrofild a osteoklastu

* niceni kostni tkane

Normal tooth Periodontitis
Enamel Healthy Plaque and Inflammation
X bone calculus ‘,
\ level '\\ |
Healthy D : \\
gums eepening \

\ pocket \ \\. |




Osteomyelitida

e zanét kostni drené

* infekcni, hnisavé onemocnéni — exogenni (otevrena

zlomenina), endogenni (Sireni z jiného zanétlivého
mista)

 Spatné lécitelné onemocnéni




Osteoartritida

* vznik mechanickym poskozenim —aktivace
zanétlivych mechanismu

* rozdil od revmatoidni artritidy (autoimunitni)

Poskc
“hrupavi \ &
L f
O
pnormaini tl
chrupavk k ronicky zar
bn aln 5 akutni
hrt k3 eplzods
=
pohyblivi




Svalova soustava




Typy a funkce svaloviny

* Pricné pruhovana (kosterni) — Pohyb, otevirani a
uzavirani, drzeni téla, metabolismus, udrzeni teploty

e Srdecni — srdecni tep, krevni cirkulace
» Hladka — travici trubice, strevo, cévy, pridusky, déloha

Single, very long cylindrical,
multinucleate cells with obvious Branching chains of cells; Single, fusiform, uninucleate;
striations uni- or binucleate; striations no striations



Pricné pruhovana svalovina - vlastnosti

* kontraktilita, vzrusSivost, natazitelnost, elasticnost
* preména chemické na mechanickou energii

* mohou se aktivné jen zkracovat

* uchyceni — zacatek x upon svalu

e Casti téla funguji jako paky

bremeno-stred-sila stred-bremeno-sila bremeno-sila-stred




Pricné pruhovana svalovina

* svalové vlakno — mnohojaderna bunka slozena z
myofibril a sarkoplazmatického retikula

* nervosvalova ploténka

* vyznamna metabolicka Cinnost (60% spotreby
kysliku), metabolismus cukru (vstrebavani)

* docasna schopnost anaerobniho metabolismu —
glykogen, kyslikovy dluh

* rychla (bilda) x pomala (Cervena) vlakna — rozdil v
metabolismu a hlavnim zdroji energie

* beta oxidace (Cervena) x anaerobni glykolyza (rychla)



Stavba a organizace svalu

Epimysium Muscle

sval

Fascicle

Perimysium

svalovy svazek ———
Y ﬁ““ﬂ“

Muscle fiber

Endomysium
~+AL_—~Sarcolemma

svalové vlakno m"‘“‘r

| |
40-100um silné, 1-40mm dlouhé (az 30cm) Part of muscle fiber Myofioril

Nucleus —




Thin{ectin) - rososssosseoaTonmeenToEmeTaneEmEsnes | mEmamems !
filament .- Z disc H zone Z disc

Myofibrila

[ I |
| band A band | band
|«—————Sarcomere ———»|

Thick (myosin)
filament

Z disc M line Z disc

Thin (actin)
filament
Elastic (titin)
filaments

Thick
(myosin)
filament

Myosin
heads

Sarkomera

Myosin
filament
Actin
filament

Pricné rezy
myofibrilou

| band H zone M line Outer edge of A band
thin filaments thick filaments thick filaments linked thick and thin
only only by accessory proteins filaments overlap



@ Fully relaxed sarcomere of a muscle fiber

Svalovy stah

e sarkomera — kontraktilni
jednotka

e stah zavisly na Ca2+

slaba filamenta

sarkoméra (aktin)
MYOFIBRILA: | |
e==—=qGrcammees *-“
=
) silna filamenta
KLIDOVE STADIUM B B e = (myozin)
AKTINOMYOZINOVEHO
KOMPLEXU: = T =
i ey =

KONTRAKCE ; [
AKTINOMYOZINOVEHO
KOMPLEXU:




Sarkoplazmatické retikulum

* vysoka koncentrace Ca2+ a Mg2+

* VVzruch =2 uvolnéni Ca2+ ze SR = svalovy stah

| b?nd

A b?nd

| balnd

Z disc

H zone
1

Sarcolemma

Triad

« T tubule

+ Terminal
cisterns
of the

sarcoplasmic
reticulum

Tubules of
the sarcoplasmic
reticulum

Myofibrils

Mitochondria



Proteiny svalového vlakna

* aktin . .
+ myozin } Aktinomyosin

e titin, nebulin - pruznost

* desmin— fixace, Z-prouzek

* tropomyozin, troponin — regulace
* Dystrofin — napojeni na sarkolemu

Costamere Sarcolemma




Neurosvalova ploténka

e zakonceni axonu na
sarkolemé

e prenasec signalu -
acetylcholin

* nervovy impuls 2
uvolnéni ACh - aktivace
SR = degradace ACh
enzymy

: WY / Axon of motor neuron

Axon terminal

Synaptic end bulb

Neuromuscular junction

Axon terminal
Nerve impulse

Synaptic vesicle

Sarcolemma > 7 G2 containing
(a) Neuromuscular junction R @= acetylcholine
RS ® 6 ~ (ACh)
= . ) _NS)
Synaptic cleft oot B @ Synaptic

end bulb

Motor end plate

"ffv

(b) Enlarged view of the
neuromuscular junction

€ Ach released
from synaptic vesicle

Synaptic cleft

© Binding of ACh to
ACh receptors opens
ion channel

| " Motor end plate

N e 0 Muscle action
N | .~ _ potential produced
- \ /e

(c) Bindina of acetvicholine to ACh recenptors in the motor end plate



Neuromotoricka jednotka

* 1 neuron inervuje 16 — nekolikset vlaken
* Neuron + inervovana vlakna = motoricka jednotka

e Axon motorického neuronu

et _—
(b) Branching terminal boutons

form neuromuscul lar junctions,
per muscle fiber

one
(photomicrograph 320x).




Patologie

 Docdasné — zranéni, kfe¢e, namozeni svall

* Genetické poruchy — muskularni dystrofie, poruchy
mitochondrii

 Svalové nadory
e Zanety — myositidy
* Nervosvalova onemocneéni — Myasthenia gravis

* Infekce



Duchennenova svalova dystrofie

* Mutace v genu pro dystrofin — protein zajistujici
komunikaci mezi aktinovym cytoskeletem a ECM

* Vazba na X chromozdém —2> €astéji u chlapcl

e postupné ubyvani svalové tkane

e vétSinou vede k umrti (selhani dychacich svalu)

* nahrazovani svalové tkane tukovou
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Zanetlivé myopatie

* heterogenni skupina zanétlivych onemocnéni svalu
e Polymyositis (PM) — mnoho pfricin, infiltrace CD8+, MF

 Dermatomyositis (DM) — autoimunitni, infiltrace CD4+,
B, DC, provazeno vyrazkami

* Inclusion body myositis (IBM) — infiltrace CD8+, MF
* neznamy autoantigen

Normal Muscle




Myasthenia Gravis

* Nervosvalova ploténka

* blokace acetylcholinovych
receptoru protilatkou

* Unava, slabost, typicky
poklesla vicka, zdvojené
vidéni

e Autoimunitni onemocnéni,
|écba imunosupresi

- Sodlum ions
Acetylchollne ./. ]




Metabolicka onemocnéni svalu

 poruchy (deficience) v ruznych enzymech
energetického metabolismu

* svaly velmi citlivé na metabolické poruchy
e slabost, bolesti, kreCe, intolerance k namaze

CARBOHYDRATES FAT

L7 BREAKDOWN



Kozni soustava




KozZni soustava

* nejvetsi organ téla

* tloustka 0,5-5mm

* az 7% hmotnosti téla

* 2 m2 povrch

* méni se az 30 000 bunék za minutu
» odrazi celkovy zdravotni stav clovéka



Kozni soustava - funkce

* Ochrana — pokozka, vrstva keratinizovanych bunék

* Termoregulace — cévy, podkozni tuk

e Exkrecni systém — pot, maz

* Produkce vitaminu D — UV zareni

* Hmat - Zakonceni senzorickych nervu, receptory - Skara



v Epid i
PokoZka el

Skara Dermis —

PodkoZnituk  Hypodermis

(superficial fascia)

Nervous structures

Hair shaft

Dermal papillae

Subpapillary vascular
Papillary plexus
dermis Sweat pore
Appendages of skin
Reticular — Eccrine sweat gland
dermis Arrector pili muscle

Sebaceous (oil) gland
Hair follicle
Hair root

Sensory nerve fiber
with free nerve endings

Lamellar corpuscle

Hair follicle receptor
(root hair plexus)

Dermal vascular plexus

%

Adipose tissue



Tvorba kuze

— Stratum corneum
Most superficial layer; 2030 layers of dead
cells represented only by flat membranous
sacs filled with keratin. Glycolipids in
extracellular space.

— Stratum granulosum
One to five layers of flattened cells, organelles
deteriorating; cytoplasm full of lamellar
granules (release lipids) and keratohyaline
granules.

— Stratum spinosum
Several layers of keratinocytes unified by
desmosomes. Cells contain thick bundles of
intermediate filaments made of pre-keratin.

o — Desmosomes —/

— Stratum basale
Deepest epidermal layer; one row of actively

mitotic stem cells; some newly formed cells
become part of the more superficial layers.
See occasional melanocytes and dendritic
cells.

Dermis

Dendritic cell Sensory Tactle Melanocyte Melanin
nerve  epithelial granule
ending cell

obsah keratinu



Tvorba pigmentu - melanocyty

/7

* vybezky do hornich casti epidermis

* produkuji granula — ¢im vice degranuluji, tim tmavsi
pigment

_Povrch
Odumrelé ploché bunky

Melaninové granule
S<F Jsou rozptyleny v celé bun-

ce; bunka se zplostuje

a napliuje se keratinem

| Dendriticky vybézek
'49// Vybézek melanocytu;
S / rozesila melanosomy
{ do nejblizzich bunék

=\
*_f[___ Melanocyt
— Jeho bunécné télo
vyrabi melanosomy




Nehty

nehtové |Uzko - epidermis

Lunule Lateral

kutikula (eponychium) — zahyby nai o
nehtu

* matrix — aktivni rust, silna
vrstva =2 bild lunula

o ’
* rust cca 0,5mm za tyden
Free edge  Nail Eponychium Nail root
of nalil plate (cuticle) Proximal Nail
nail fold matrix
- e &
- - ® @

Nail bed Phalanx (bone of fingertip)



Vlasy a chlupy

v ’ . Follicle wall
e koren ve vlasovém folikulu
Peripheral

connective tissue

(fibrous) sheath

[ | Glassy membrane —~

Epithelial root sheath
i Y idat \J External root sheath -

i ¢ ¢ Internal root sheath —
Y AY W 2
AN .
Hair shaft A L Hair root
| LN i Cuticle——
lj) : Sank L L Cortex ———
(a) - Medulla ——
a
Hair matrix
Arrector
pili Dermal papilla
Sebaceous
gland Melanocyte
Hair root
Hair bulb Subcutaneous

adipose tissue




Senzory v kuzi

* Volna nervova zakonceni — svédéni, teplota, lehky dotek

Merkelovo télisko — slaby dotek, lehky tlak

Meissnerovo télisko — citlive, lehky tlak a dotek

Ruffiniho télisko — dlouhodoby tlak (neni termoreceptor)

Vater-Paciniho télisko — silny a trvalejsi tlak

Krauseho télisko - chlad

Merkel's disk

X

corpuscle

Meissner’s corpuscle

Nerve

- Epidermis

—-Dermis

Krause end

bulb



Kozni typy senzoru

volné senzory
(obnazené)

Opouzdrené

lllustration

Structural Class

FREE NERVE ENDINGS

Free nerve endings of
sensory neurons

Modified free nerve
endings: Epithelial
tactile complexes

(Merkel discs)

Tactile
cell

Tactile
disc

Hair follicle receptors

Functional Class
According to Location (L)
and Stimulus Type (S)

L: Exteroceptors, interoceptors,
and proprioceptors

S: Nociceptors (pain),
thermoreceptors (heat and cold),
mechanoreceptors (pressure),
chemoreceptors

L: Exteroceptors
S: Mechanoreceptors (light
pressure), slowly adapting

L: Exteroceptors
S: Mechanoreceptors (hair
deflection), rapidly adapting

Body Location

Most body tissues; most

dense in connective tissues
(ligaments, tendons, dermis,
joint capsules, periosteum) and
epithelia (epidermis, cornea,
mucosae, and glands)

Basal layer of epidermis

In and surrounding hair follicles

ENCAPSULATED

Tactile (Meissner’s)
corpuscles

Lamellar (Pacinian)
corpuscles

Bulbous corpuscle

(Ruffini endings)

L: Exteroceptors

S: Mechanoreceptors (light
pressure, discriminative touch,
vibration of low frequency),
rapidly adapting

L: Exteroceptors, interoceptors,
and some proprioceptors

S: Mechanoreceptors (deep
pressure, stretch, vibration of
high frequency); rapidly adapting

L: Exteroceptors and
proprioceptors

S: Mechanoreceptors (deep
pressure and stretch); slowly
adapting or nonadapting

Dermal papillae of hairless skin,
particularly nipples, external
genitalia, fingertips, eyelids

Dermis and hypodermis;
periosteum, mesentery, tendons,
ligaments, joint capsules, most
abundant on fingers, soles of
feet, external genitalia, nipples

Deep in dermis, hypodermis,
and joint capsules



Poranéni a choroby kuze

* Akné, nezity, bradavice, cysty

* Ekzémy, vyrazky

* Rany, popaleniny, pohmozdéniny, puchyre
* PleSatost

* Psoriaza

* Rakovina



Znaménko

ZNAMENKO V PRUREZU

Vyvysena
pigmen-
tovana
plocha

Pigmen-
tované
buriky

Pigmentovana plocha znaménka sice mize

byt vyvysena, oviem dold do bunék pod
pokozkou se pigmentace nesifi.

Nezit

Nabéhle
misto

JHiavicka"
nezitu

Mazova
#laza
vyplnéna
hnisem

_ Vlasovy
misek
vyplnény
NSRS A hnisem

NEZIT V PRUREZU
Hnisemn zde je vyplnén viasovy misek i ma-
zova zlaza. Na pokoice se to projevuje jako
nabéhlé misto, zarudl|é a na dotek bolestive.

Cysta

_ Nadzvednut

/ pokozka
(epidermis)
Cysta -
nahromadéni
kozniho mazy
.~ aodumrelych
+| bunék

Pouzdro

cysty -
blanité sténa

Vlasovy
_ misek
L (folikul)

CYSTA V PRUREZU
Nad vyklenutou bulkou v mistech, kde tato
mazova cysta vystupuje ze 3kary, je pokozka
nadzvednuta a napjata.

Bradavice

Nadbytecné
supinovité
buriky

Nadbytecné
bunky
v oice

BRADAVICE V PRUREZU _
Tato typicka obycejna kozni bradavice j€
projevem nadmérného bujeni epidermalnic
bunék (bunék pokozky).



Akné - trudovitost

* ucpani mazove zlazy

Chloupek Tridvs )
mazova Miiova
: zatka
Volny odtok zétka
SIS koiniho Kozni maz Bakt
. \ » —— di aKtere se
P ", - se hromadi hromadi
0 Kozni maz Kozni maz Kozni maz
(sebum) (sebum) (sebum)
Mazova Mazova Mazovk
laza Zlaza zlaza
Vlisovy Viasovy Vlasovy
mrs_ek misek misek
(folikul) (folikul) (folikul)
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NORMALNI VLASOVY MiSEK KOMEDO (UHER) INFIKOVANY VLASOVY MISEK



Rakovina kuze

* Bazalocelularni karcinom obvykle benigni
e Skvamodzni karcinom

Ve

* Melanom — nejnebezpecneéjsi, maligni, metastaze
do organu

(a) Basal cell carcinoma (b) Squamous cell carcinoma (c) Melanoma



