Sklovina a cement
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SKLOVINA

(enamelum, enamel, email, substantia adamantina, s. vitrea)




Sklovina
(enamelum, enamel, email, substantia adamantina, s. vitrea)

Tloustka: U trvalych zub(

Nebunécna hmota, ktera kryje anatomické korunky
Ektodermalniho plvodu

Nejtvrdsi tkan (kfehka) v téle obratlovcl

Acelularni

U docéasnych zubl  +- 1,3 mm
Na zubnim krcku jen +- 0,1 mm

Fyzikalni vlastnosti

Index lomu 1,62; spec. hmotnost 2,9 g.cm?3,
Mohsova stupnice tvrdost 5 (nejtvrdsi tkan lidského téla)
Prasvitnd, barva - odstiny bilé - zavisi na tloustce a stupni mineralizace
Sedobild - na okluznich plochéch
Bila - ve stfednim oddilu korunky
Nazloutla - pobliz kréku — prosvita barva dentinu
Velmi odolna k abrazi
Povrchova sklovina tvrdsi, hustSi a méné porézni (aprizmaticka)
Tvrdost se snizuje smérem k dentinosklovinné hranici a od kousacich plosek ke krcku

+- 2,5 mm (na fezacich hranach nebo kousacich ploskach)
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Chemickeé slozeni

Anorganickd ¢ast Voda Organicka ¢ast
96 -97 % 2-3% 1%

Hydroxyapatit tvorici hexagonalni krystaly

Fluoroapatit je spiSe na povrchu skloviny, je tvrdsi

Hlavni prvky ve skloviné: Vapnik, fluor, horcik, fosfor (a jiné).

Ukladani dalSich latek (napft. olovo) vlivem znecisténého prostredi — co se jednou ulozi, tak ve skloviné z(stane.




Chemickeé slozeni

Anorganicka cast Voda Organicka cast
96-97 % 2-3% 1%

Proteiny nekolagenové povahy
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- Hlavni produkt sekretorni faze ameloblast( | ) EMPs and MMP20
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- Enamelin - Nukleace a usmérnéni rustu krystalu
- Ameloblastin —adhezivni molekula (] ] (<]
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c) Enzymatické proteiny
- Metaloproteindazy (MMP20) — degraduje amelogenin
- alkalicka a kysela fosfomonoesteraza a serinproteinazal
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Mikroskopicka stavba

Slozita vnitrni, druhové specificka organizace

Sklovinné hranoly — prizmata a interprizmaticka hmota

probihaji od dentinosklovinné hranice k povrchu skloviny, asi 8,5 milionu (fezaky)

A}
* e — e i
' — ==V — — =
s —— ===
. ——

A ) ——
) e
‘ — —— — — —
ks — = =\
ot s f ol e, f | S, [




Gap
T junction

melablast

A

Tames process



U

Ultrastruktura hranol

é matrix (amelogeniny,

hydroxyapatitu, vloZzenych do proteinov

h krystalk(
Proteiny ne-amelogeninové povahy)

s

e razenyc

v

Skladaji se z podéln

Struktura interprizmatické substance stejna, krystaly postaveny Sikmo nebo kolmo na prizmata

DY,

003 Mos

©

pyright |




Enamel decussation pattern (rodents)

* Very precise and homogeneous organization of enamel microstructure
* Little differences within different species
* Fundamental mechanisms controlling decussation pattern formation are evolutionary conserved
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Heterosminthus gansus Wood Mouse (Apodemus sylvaticus) Mus musculus
(late Miocene)
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Ameloblasty: pohyby bunék jsou zodpovédné za tvorbu vnitfni mikrostruktury skloviny

Kazdy ameloblast je zodpovédny za
tvorbu jednoho prismatu

Ameloblasty se posunuji v fadach
pod uhlem pfiblizné 70 stupnit vaci
sobé (m. musculus)
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Ameloblasty: pohyby bunék jsou zodpovédné za tvorbu vnitfni mikrostruktury skloviny
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Vnéjsi znaky skloviny

SN

¥ by
s

N

Inc AT




Vnéjsi znaky skloviny

Retziusovy prouzky

Perikymata

Hunterovy - Schregerovy prouzky
Neonatalni linie

Enamel tuffs

Cuspal stage

Striae of
Retzius

Perikymuata

age)s
[euorjedriqur]

Cross-striations



Hunterovy - Schregerovy prouzky

* Dusledek zmén sméru prochazejicich sklovinnych prismat

* Prubéh sklovinnych prismat se méni ve vSech smérech,
zejména u premolart a molaru.

e Opticky se jevi jako stridajici se svétlé a tmavé prouzky

Dentinal
Junction

/7

Hunter-Schreger
Bands

Course of Hunter-Schreger bands (HSB) on: the buccal side of M 2 from Ursus spelaeus

(A), the buccal side of P 4 from Felis catus (B), the U. wenzensis M 2 viewed from the
lingual and occlusal side (C) and the buccal side of M 1 from U. wenzensis. Nowakowski et al., 2010 Lynch et al., British dental journal, 2010



Inkrementalni (prirustkové) linie skloviny

Sklovina pfirtsta periodicky: vliv cirkadidlnich rytmu
Projev periodické aktivity ameloblasti nebo spole¢né mineralizace vétsiho poctu dennich prirastkd
Na zdkladé prirtstkovych linii rozliSujeme charakteristické prouzkovani skloviny

a) Denni linie
- ZpUsobuiji pricné pruhovani prizmat (cross-striation), velmi tenké 2,5 - 6 um
- Strfidani faze intenzivni sekrece s fazi odpocinkovou
- Souvisi s cirkadidlnimi rytmy

b) Retziusovy linie (sklovinné striae)
- Pozorovatelné v optickém mikroskopu na zubnich vybrusech, vzdalenost 25-35 um
- 0Od dentinosklovinné hranice k povrchu skloviny
- Tvori perikymata (labialni plosky prednich zub( - incisivi, caninus)

c) Neonatalni linie
- Vyrazny pruh méné mineralizované skloviny
- Vznikd v dUsledku nahle zmény prijmu potravy pfi narozeni
- U zubl primarni dentice a M1
- Patfi mezi Retziusovy linie




linie
mezi
prouzky

Denni — cirkadidlni prirGstkové
(kratké  Sipky) jsou patrné
Retziusovymi — vicedennimi
(dlouhé Sipky)

R

b -

Denni linie

Pocet pricnych prouzkl mezi
sousednimi Retziusovymi liniemi
se nazyva ,repeated period”. U
lidského molaru je to 5-10
prouzka.

(Timothy G. Bromage et al., 2015,
American Journal of Physical
Anthropology; Hard Tissue Biology,
Metabolomics, and Life History)




Denni linie
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# | Denni — cirkadidlni pFirdstkové linie
s { , .
, (kratké  Sipky) jsou patrné meazi
Retziusovymi — vicedennimi prouzky

(dlouhé Sipky)

Praseci sklovina

(Timothy G. Bromage et al., 2015, American
Journal of Physical Anthropology; Hard Tissue
Biology, Metabolomics, and Life History)



Retziusovy linie




Retziusovy linie

Striae of Retzius
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Perikymata




Neonatalni linie




Inkrementalni (prirtustkové) linie skloviny

projev periodické aktivity ameloblast(i nebo spole¢né mineralizace vétsiho poc¢tu dennich
pfirustkd prizmat

a) Denni linie
- ZpUsobuiji pricné pruhovani prizmat (cross-striation), velmi tenké 2,5 - 6 um
- Stridani faze intenzivni sekrece s fazi odpocinkovou
- Souvisi s cirkadialnimi rytmy

b) Retziusovy linie (sklovinné striae)
- Pozorovatelné v optickém mikroskopu na zubnich vybrusech, vzdalenost 25-35 um
- 0d dentinosklovinné hranice k povrchu skloviny
- Tvofi perikymata (labidlni plosky prednich zubd - incisivi, caninus)

c) Neonatdlni linie
- Vyrazny pruh méné mineralizované skloviny
- Vznika v dusledku nahle zmény pfijmu potravy pfi narozeni
- U zub( primarni dentice a M1
- Patri mezi Retziusovy linie




Aprizmaticka sklovina

e 20-70 um tlusta vrstva na povrchu korunky bez prizmat

e Tvrdsi a vice mineralizovana, obsahuje vice fluoru,

» Tvofi se pred ukonéenim aktivity ameloblastu

* Krystaly hydroxylapatitu usporadany soubézné a kolmo k povrchu emailu
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Pulp chamber

Tooth
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Dentinosklovinna hranice

* Hranice mezi sklovinou a dentinem, tvori funkéni napojeni téchto dvou tvrdych tkani.
e \lyvojové se nachazi v misté byvalé bazalni membrany ameloblast(

* Na podélnych preparatech ma vroubkovany pribéh (girlandy)

e Sklovinna prizmata

dentin enamel junction

cementum enamel junction

/ apical root tip




Cuticula dentis (Nasmythova blanka)

* Kryje noveé prorezany zub

* Vznika pfi profezavani korunky splynutim primarni a sekundarni kutikuly za vyvoje zubu
* Snadno podléha abrazi — mizi z kousacich plosek zubl

e Asi1lum tlusta blanka, tvorena proteiny a polysacharidy

* Po prorezani jeji zbytky mUzou byt patrné pouze v blizkosti zubniho kréku

TOOTH EMERGENCE

— CUTICLE
will wear away

GINGIVAL a8 /
EPITHELIUN
still fusing with y

REDUCED DENTAL
EPITHELIUM

ENAMEL




; | Sklovinna vreténka
lﬂn amel . S 5 (fuzus enameli)

S mdles |
~ p? g . az 100 um dlouha prodlouzeni
' dentinovych tubult do skloviny



Cemento-sklovinna hranice

3 typy:
presah cementu na sklovinu v ostré linii S mezerou
15 % 52 % 33%



Regenerace skloviny >< Reparace skloviny

Sklovina neregeneruje! Dochazi ke zpétné remineralizaci poskozené skloviny plsobenim slin
Ameloblasty zanikaji béhem erupce

Hypoplazie skloviny

Sklovina je mékka a drobiva

etiologie:

* Poskozeni ameloblastlu a predcasné ukonceni jejich ¢innosti

* Genetické priciny (amelogenesis imperfecta)

* Dlouhodobé zvyseny pfisun fluoridt (5 nasobné zvyseni fluoridl v pitné vodé)
* Tetracyklinova antibiotika - inkorporovana do skloviny béhem kalcifikace

* Horecnaté stavy béhem amelogeneze




Vékové zmeény skloviny

- Obrusovani — v pokrocilejsich stadiich muize dojit az k expozici dentinu
- Zména chemického slozeni — zvySovani obsahu fluorid(, sniZovani obsahu vody a organickych sloucenin

- Zmeéna pigmentace skloviny — inkorporace organického materialu do skloviny, tloustnutim dentinu a jeho tmavnuti

- Zmeény permeability — s vékem se snizuje, krystaly béhem Zivota rostou a zmensuji se péry mezi nimi




| cement

v 4

Zubn

(cementum, substantia petrosa)




Zubni cement

Tvrda, kosti podobna tkan, kryjici kofen zubu

Nazloutla barva

Avaskularni hmota

Nedochazi v ném k prestavbé (na rozdil od kostni tkané)
MdUZe byt resorbovan cementoklasty - v obdobi vymény zub

Je tvoren stale v pribéhu Zivota apozici novych vrstev vitalni
tkané. PrirGstani probiha periodicky — inkrementalni linie.

Vyvojoveé pochazi z ektomezenchymu

Tvori ho:

e Bunécnd hmota Coronal

cementum Root Acellular cementum
e ECM

Cellular cementum

Radicular
cementum




Sharpeyova vlakna

Kolagenni vlakna (zejména kolagen 1) periodontalnich ligament, kterd jsou zanorena na jedné strané
v cementu a na strané druhé v periostu alveolarni kosti

* Tvori funkéni uchyceni zubu v zubniho alveolu

* Probihaji az do acelularniho cementu, kde plné mineralizuji
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Mikroskopicka stavba cementu

Cementocyty, Cementoblasty, Cementoklasty (vymeéna zubu)

Mezibunécnad hmota (ECM) = Cement Y
\ Acelularni (primarni)

Podle
typu ECM

N Celularni (sekundarni)
Bunky
Cementoblasty Cementocyty
Bunky, které se aktivné Bunky obklopené cemendzni tkani, téla
podili na tvorbé ECM ulozena v dutinkach (lacunae), vybéziky v

chodbickach (obdoba osteocytd v kosti) —
canaliculi cementi

PDL fibers &

Cementoblast

Sharpey _|
fibers

Cementoklasty
Podili se na resorbci
cementu docasnych zubd

Intermediate
cementum

Cementocyte

Cellular
cementum



Cementova matrix

Tvofri ji kolagenni vldakna a zvapenatéla amorfni
extracelularni hmota

Kolagenni vlakna probihaji ve snopeccich jejichz orientaci
urcuiji sily, které za zub pUsobi

Cement podle vzniku délime na:

Primarni (acelularni)
Neobsahuje cementocyty

V rozsahu celého zubniho korene
Naseda primo na zubovinu
Tloustka: 10 do 200 um

Sekundarni (celularni)

Obsahuje cementocyty

V mistech zatizeni nebo v dUisledku starnuti
Zejména na zubnich apexech

Dor(std az do tloustky 500 um







Cementogeneze

Zacina az po zaniku a rozpadu Hertwigovy epitelové pochvy
Jeji misto zaujmou ektomezenchymové bunky, které kolem dentinového zakladu korene vytvori cementogenni
plast

P Here the first break

A in the root sheath

s+ 4 _—occurs, permitting
. entry of follicular

| cells to form

Diferenciaci ektomezenchymu plasté
vzniknou cementoblasty

Zpocatku je ukladani cementozni cementoblasts
matrix velmi pomalé, takze
cementoblasty se staci premistit 3 |
do povrchnéjsich vrstev N _Dentin
- acelularni (primarni) cement P &y
% \
Cv vy . g VA . Y ___Root sheath
V obdobi tésné pred prorezavanim F 2 j a0 e
zubu, produkuji cementoblast > 55 “
. p, ) Y , "‘f 1’, ‘ _# & v —Odontoblasts
zakladni hmotu rychle a v takovém ’ . # )
mnozstvi, Ze bunkam znemoznuje o i O P e B
unik a po jejim zvapenaténi v ni .8/ }I o8- D A
o . » ¢ «f P ' N - ‘('q
zUstanou trvale zality .’ g ( 0 a
—> celularni (sekundarni) cement =k 3 ' L . sﬁ -
1 g o 1o

v , Y
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Hyperplasie cementu
(hypercementodza)

Abnormalni ztlusténi cementu

Vyskytuje se bud'izolované, nebo u vSech zubl dentice (Pagetova choroba)

VIV

Nejcastéjsi pricinou hypercementdzy byva dlouhodobé a nadmérné zatézovani zubl
Cementikly — v PDL

5mm

Cementum

Coment —
exostosis

siveolar bone

FIGURE 1 - Morphological types of hypercementosis: In {A) the root is normal; in (B} diffuse hypercementosis,
when the root assumes a club shape. In (C) focal or localized hypercementosis, which is restricted to an
isolated root surface; in (D) hypercementosis in the shape of a shirt sleeve cuff, which does not involve the
most apical part and occurs on the periphery, as result of chronic penapical lesion {Source: Pinheiro®)
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FIGURE 14-12 Hypercementosis at the root apices due to traumatic occlusal forces on mandibular
molar teeth. A: Microscopic view with dentin (D), cementum (C), and radicular pulp tissue (P). B: Radio-
graph. (A courtesy of James Mclintosh, PhD, Assistant Professor Emeritus, Department of Biomedical
Sciences, Baylor College of Dentistry, Dallas, TX.)



Uchyceni hypsodontnich zubt v celisti

Vyvoj hypsodontnich zub( o
zivocCichl s vysoce abrazivni
dietou.

Postupné, nerovnomerne pulp

obrusovani , korunkové”
casti.

Co je to korunka?

brachydont

Nizka
,korunka“

" dentine

hypsodont

Vysoka
,korunka”







Migrace neuralni listy k oralnimu epitelu
Tvorba dentalni listy (epitelialni ztlusténi)

Stadium pupene
Stadium cCepicky
Stadium zvonku

Stadium apozice (tvorba tvrdych zubnich tkani)

Tvorba korene
Prorezavani (erupce)



Pocatek vyvoje dentice

Forebrain

Rathke’s pouch
Stomodeum

Buccopharyngeal
membrane

Mandibular
arch

Foregut

Notochord

Heart

— Developing
maxillary arch

— Stomodeum

/
Developing /
tongue
Developing

mandibular arch Oral epithelium

! Ectomesenchyme




Superficial layer

]— Basal layer

Oralni epitel

(Ekto)mezenchym A{ XLXLXQ&

Zmeéna sméru
déleni bunék

EpitelidIni
ztusténi

Dental lamina



Dentalni vs. Vestibularni lamina

Oral ectoderm

Vestibular
lamina

Dental
lamina

R
X i“

—
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 Oral ectoderm General
: lamina

Permanent |

: General lamina
Vestibule —

Developing teeth

Successional lamina of permanent
teeth primordia




Ektodermo — mezenchymové interakce

EPITHELIAL PLACODE l\_/_,

20 L@ N\
MORPHOGENESIS ﬁl

ADULT ORGAN

TOOTH HAIR MAMMARY FEATHER
GLAND




Ektodermo-ektomezenchymoveé interakce

Cell Science Signalling In Tooth Development
Irma Thesleff
SIOZ Ity rec' p roc n I Initiati Morph ; Differentiation Root formation
Hiation opriogenec’s and mineralization and eruption

interakcni systém

Dental lamina Bud Cap Bell Late bell

Fog= oo o ) -y o mmp o> w1 by ) o

e \"\ / ( v < ==
/Eclodorm / \ \ % \ ~— ]
Mesenchyme Dental placode ") ) ¢ o
Msx1” Msx2 Msx1” xoﬁvvwllmp
Dix1”, Dix2 Pax9” Enamel knot
-l :e:: ﬁA Secondary enamel knols
Pitx2” ctivin
Runx2™”

Oral ectoderm Dental placode Enamel knot Secondary
BMP Bud ectoderm enamel knots
FGF p21 BMP TNF p21 BMP p21 BMP
SHH Msx2 FGF Msx2 | FGF Msx2 FGF

i
~ i N
P2 WNT ¥ et | sHH L I ¥ et sHH o
TNF \ Edar | WNT \ Edr_IWNT; WNT b =
4 4 4 Differentiation o
Lhx6, Lhx7, Barx1, Lhx6, Lhx7, Barxt Lot L7, Bancl and mineralization
), » » ), X7, » X6, X/, Barx1,
Msx, Msx2, Dix1, BMP =P Msx1, Msx2, Dix1, BMFP “»  Msxi, Msx2, Dix1, gg:
Dix2, Pax9, G, ACTIVIN Dix2, Pax9, Glit, FG Dix2, Pax9, Glit,
Gli2, Gi3 G2, Gii3, Lett, Runxe WNT ' Gio, Giia, Left, Runxe WNT

Odontogenic Condensed dental Dental papilla
mesenchyme mesenchyme mesenchyme

* Transplantace ektomezenchymu pod oralni ektoderm indukuje jeho preménu v bunky
produkujici proteiny skloviny

* Transplantace ektomezenchymu rezaku pod ektoderm molaru - rezak
* Transplantace ektomezenchymu molaru pod ektoderm rezaku - molar

* vnitfni sklovinny epitel (pseudoameloblasty) indukuje diferenciaci odontoblastll z
ektomezenchymu



Odontogeneze (vyvoj zub)

zuby docasné stejné jako trvalé dentice se vyvijeji z ektodermu a ektomezenchymu

Plivodem z ektodermu — sklovina (ameloblasty), ERM

Plivodem z ektomezenchymu — zubni dien, dentin, zubni cement, periodoncium, alveolus
Identicka morfogeneze

Proliferace, migrace, embryonalni indukce, apoptdza

Primarni informace pro vyvoj zubt (pocet, velikost) obsaZzena v ektomezenchymu
(poskozeni kranidlniho konce crista neuralis nebo odstranéni cristy zplisobi anodoncii)

Ektomezenchym indukuje proliferaci a diferenciaci ektodermu dasriového valu v odontogenni
epitel a primarni zubni listu se zdklady zubd

Vzajemnd interakce ektomezenchymu a oralniho ektodermu nakonec vyustuje k tvorbé
kompletniho organu

Evolucneé silné konzervované vyvojové cesty



Maji ptaci zuby?




Maji ptaci zuby?

* Ptdci ztratili zuby asi pred 70-80 miliony let

* Konzervované vyvojové molekularni cesty k tvorbé zubU se daji experimentdlné
re-aktivovat

* Invitro co-culture a in vivo transplantace

Mysi ektomezenchym < » Kureci oralni epitel




Prehled vyvojovych stadii zubu

B Neural-crest-derived mesenchyme

O?' Bl Condensing dental mesenchyme
Proximal < Distal =Proximal | [_| Oral epithelium [ | Enamel
Abf,,a, [_] Ameloblasts Dentin

B Odontoblasts ["] Dental pulp

Thickening
E11.5

Nature Reviews | Genetics

Ztlusténi Pupen Cepicka Zvonek



Vyvoj docasné dentice

Kondenzace ektomezenchymu pod ektodermem dasriového valu na budouci horni a dolni
Celisti (po zaloZeni predsiné - vestibulum oris) - ve druhé poloviné 6. tydne

nitrodelozniho zivota

Ektomezenchym stimuluje bunky bazalni vrstvy ektodermu gingivalniho valu k mitézam a
ty vyristaji v podobé kompaktni listy pasu proti ektomezenchymu - primarni zubni lista

Lista je od pocatku obloukovité zakrivena

Maxillary

procens Primary epithelial

band

~- Ectomesenchyme

Mandibular &
process

I o 1

Developing tongue

Cedgpegh-

Oral epithelium

LT
D

lamina
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Stadium zubniho pupene

Po zaloZeni maxilarni a mandibularni zubni liSty se na kazdé utvafri 10 zubnich pupenti
(primordia)

Pupeny proliferuji z volného a proti ektomezenchymu obraceného okraje listy a sméruji
vétSinou mirné labialné nebo bukalné ’ L3 0w M s

Tvorba primordii: konec 7. - za€. 8 tydne PP ESRON
3 "'1 E o 3
o] 7 Vé 7 eV, Vv Ve v eV, VvV . 7’ 7 " s’/{{ 0
(na maxilarni zubni listé pozdéji neZ na listé mandibuldrni) SN SNeS
P iEEe e,

A

Developing mandible

- St ” A -i'Resorblng Meckel's cartilage

1 " Il"’j Nerve
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Stadium zubni cepicky
9. - 10. tyden vyvoje

plsobenim signdlnich molekul produkovanych bunkami kondenzovaného ektomezenchymu
pod zubnimi pupeny

z ektomezenchymu se konstituuji zaklady zubnich papil

Primordium of the Successional Balogh and Fehrenbach 2011
succedaneous tooth / dental lamina
ik
Enamel knot o A
~———Enamel organ
. @ 7 [ Enamel organ ! a.‘, 2 ;—Ectomesenchymal
— = —1— Dental papilla < Tooth /€4 ohi.- ., cells still closely
> orm o3k it aggregated to form
| - Dental sac gei. s /34"* " the dental papilla
5 | Developing
mandibular bone

nizce cylindrickymi, zatimco vnitfni buriky tvaroveé polymorfni (zaklad budouciho retikularniho
epitelu zubniho poharku) / k obdobnému procesu i v zubni papile
bazalni membrana - lamina basalis ameloblastica



Enamel organ

—1 Outer enamel
| epithelium (OEE)

—t Inner enamel
epithelium (IEE)
i a e == —————— Dental papilla
i P & ¢
: 0
§ ; B
L% - z

Stellate reticulum
Stratum intermedium

Inner enamel epithelium (IEE)

lamina basalis ameloblastica

Basement membrane
Outer cells of the dental papilla

Central cells of the dental papilla

Outer enamel epithelium (OEE) Balogh and Fehrenbach 2011

FIGURE 6-7 Bell stage, which exhibits differentiation of the tooth germ to its furthest extent. Both the
enamel organ and dental papilla have differentiated into various layers in preparation for the apposition
of enamel and dentin.



TOOTH GERM/DENTAL ORGAN = ENAMEL ORGAN +DENTAL PAPILLA+DENTAL FOLLICLE

ENAMEL ORGAN

DENTAL PAPILLA DENTAL FOLLICLE

Hack Dentistry
= verfisty  Published on 9 Jan 2019

Youtube channel  _hack



CAP STAGE

DENTAL SAC/FOLLICLE )

(CEMENTUM, PERIODONTAL LIGAMENT
+ BONE)

DENTAL PAPILLA

(DENTIN + PULP)

hack Hack Dentistry
= '_)c-n"i"i'_'f‘

Youtube channel Published on 9 Jan 2019



Stadium zvonku (pozdni ¢epitky/pohérku)
10. - 12. tyden vyvoje
Organ skloviny - naseda na zubni papilu

Zretelné 4 vrstevné usporadani sklovinného organu:

Vnitfni  sklovinny epitel - Hranice s
ektomezenchymem na povrchu zubni papily.
Stihlé bunky (az 50 um) tloudtky cca 4 um.
Bunky nasedaji na |. basalis ameloblastica.

Stratum intermedium - slozeno ze 3 - 5 vrstev
ovalnych az znacné oplostélych bunék
oddélenych interceluldarnimi stérbinami
spojenych desmozomy

Pulpa skloviny (hvézdicovité retikulum) -
epitelové  bunécné retikulum -  bunky
hvézdicovité a Casto svymi vybézky vzajemné
anastomozuji

Vnéjsi sklovinny epitel - byva zpocatku tvoren
kubickymi, pozdéji plochymi burikami, ma téz
bazalni membranu



Bell Stage

Outer enamel epithelium
Stellate reticulum

Stratum intermedium

*'\

3

2
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Epithelial signals

Dental
lamina

PITX2

Mesenchymal signals

Sklovinny uzel (enamel knot)

Odontogenic
mesenchyme

MSX1
PAX9
RUNX2

BMP
FGF
Activin

Enamel
knot
BMP
FGF
Shh
Wnt

Dental papilla




Stadia vyvoje primarni dentice

Initiation stage/sixth to seventh week Induction

.. A Dental lamina
Stadium zubni liSty
6 - 7. tyden
Bud stage/eighth week Proliferation
Stadium pupene Bud stage

8. tyden

Proliferation, differentiation,
morphogenesis

Cap stage/ninth to tenth week
Stadium zubni cepicky
9.-10. tyden Gpstage

Proliferation, differentiation,
morphogenesis

Bell stage/eleventh to twelfth week
Stadium zvonku

11.-12. tyden Bell stage

Balogh and Fehrenbach 2011




Apozice
zaC. 4. m. intra
utero

Erupce
post partum
(po porodu)

Stadia vyvoje primarni dentice

MAIN PROCESSES
STAGE/TIME SPAN" MICROSCOPIC APPEARANCE INVOLVED DESCRIPTION
. Induction, proliferation Dental tissue types secreted in successive
Apposition stage layers as matrix
Eruption stage Maturation Dental tissue types fully mineralize to

Balogh and Fehrenbach 2011

mature form



Stadium apozice

SRS ';: o :.’&( \‘\ :
D . ~ ) .
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. .?r\oﬁ: 'T.’.g; <
2

* Obdobi tvorby tvrdych tkani zubu an
* Zacina ve druhé poloviné 4. mésice fetalniho vyvoje gF

Misto prvotni
mineralizace

Korunka — vznika nejdfive (dentin, sklovina)
ukladani skloviny a zuboviny za¢ind v oblasti rlstového
(signalniho) centra a z ného se proces Sifi apikalné

Tvorba skloviny = amelogeneze v
Tvorba zuboviny = dentinogeneze

& Pulp D

bt

Cerwcal

Kofen — vznikd pozdéji (dentin a cement) N | s
S Ioop S bl e o
AR 28 ;

Tvorba cementu = cementogeneze
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https://www.youtube.com/watch?v=QLNBjHgUHSU



https://www.youtube.com/watch?v=QLNBjHgUHSU

Casovy sled pri vyvoji primarni a sekundarni dentice

Table 26.1

Chronology of tooth development and the order of eruption

Chronology of the deciduous dentition

Chronology of the permanent dentition

First
evidence of

calcification Crown Root First Crown Root
(months in completed  Eruption  completed evidence of completed  Eruption completed
Tooth utero) (months) (months)  (years) Tooth calcification (years) (years) (years)
Maxillary ‘ Maxillary
A 3-4 4 7 13-2 1 3-4 months 4-5 7-8 10
B 43 5 8 12-2 2 10-12 months  4-5 8-9 1
& > 9 16-20 2%—3 3 4-5 months 6-7 11-12 13-15
D 5 6 12-16 %95 4 13-17 years  5-6 10-11 12-13
E 6-7 10-12 21-30 3 5 2—2% years 6-7 10-12 12-14
6 Birth 2;-3 6-7 9-10
7 23-3 years 7-8 12-13 14-16
8 7-9 years 12-16 17-21 18-25
Mandibular 1 ‘ 1 Mandibular
A 43 4 63 12-2 1 3-4 months 4-5 6-7 9
B 43 43 7 132 2 3-4 months  4-5 7-8 10
C 5 9 16-20 2;-3 3 4-5 months  6-7 9-10 12-14
D 5 6 12-16 2-2% 4 13-2 years 5-6 10-12 12-13
E 6 10-12 21-30 3 5 13-23 years  6-7 1312 13-14
Unless otherwise indicated all dates are postpartum. The teeth 6 Birth 2%‘3 6-7 9-10
are identified according to the Zsigmondy system. 933 years 7.8 12-13 14-15
8 8-10 years 12-16 17-21 18-25

All dates are postpartum. Teeth are identified according to the
Zsigmondy system.



Vyvoj zubni korunky

Zména palarity bunék ve vnitfnim sklovinném epitelu (IEE)

Prvné se tvori preameloblasty (drive diferencuje epitel nez ektomezenchym)
Na zakladé vzajemnych interakci s epitelem se zacinaji diferencovat preodontoblasty

asalis ameloblasti

skloviny

—— Basement lamina
%¢ Endoplasmic reticulum

Mitochondria
J L
] 0

Diferenciace ameloblastii

« Golgi apparatus

© Secretory vesicles
% Dentine

. Enamel

\
lamina basalis k,,.y
ameloblastica ™

Diferenciace odontoblastfi

Fig. 23.1

difterentiate first

dentine is laid down the differentiated ameloblast begins to deposit matrix

Life cycle of the odontoblast (lower cell line) related to that of the ameloblast (upper cell line). 1 = Ameloblast begins to

2 = Peripheral ectomesenchymal cells divide, with some daughter cells migrating below the odontoblast layer. 3 = Acting on
y signal from the ameloblast, the preodontoblasts begin to differentiate. 4 = Synthetic organelles increase in size and number, especially Golgi
apparatus and rough endoplasmic reticulum. 5 = Nucleus moves basally as the cell becomes polarised. A number of odontoblast processes
begin to form. One odontoblast process becomes enlarged and begins to secrete matrix. 6 = The odontoblast retreats as matrix is laid down,
eaving behind a single main process. Once a narrow layer of matrix is laid down mineralisation commences. 7 = Once the first layer of




repolarizace bunék vnitfniho sklov. epitelu
— preameloblasty

repolarizace bunék zubni papily
— preodontoblasty

Stellate
reticulum |- \
| Enamel
organ

Stratum

intermedium ] Zanik lamina basalis ameloblastica — maturaci
Pi loblast o
i eamelobast  preameloblasttl v ameloblasty
epithelium S e S Y [ Basement
|- membrane
: Outer
cell
Dental

| [ papilla |

Enamel | |7
organ -

FIGURE 6-9 Close-up of inner enamel epithelium of the enamel organ differentiating into the pream-
eloblasts, the future cells that will secrete enamel matrix. A: Inner enamel epithelial cells, with their
central nuclei, line up along the basement membrane. B: Inner enamel epithelial cells that have elon-
gated and repolarized their nuclei to become preameloblasts. Note the outer cells of the dental papilla

Enamel ||/ process

i )l Dentinoenamel
Balogh and Fehrenbach 2011 A o ietion
s = Predentin 1
e o > N Odontoblastic
'~ process
™. Dentinal tubule
_Enamel_
el ——+ Odontoblast
Preameloblast ‘
Pulp { &
Basement 5
.| membrane,
Predentin
Outer cell of the
dental papilla :
Pulp - B Odontoblast d Fehrenbach 2011
FIGURE 6-12 Preameloblasts being induced to differentiate into
ameloblasts and beginning amelogenesis from Tomes' process (large
A e : B arrow), with the apposition of enamel matrix on their side of the base-

FIGURE 6-10 Close-up of the outer cells of the dental papilla, which are induced to differentiate into
the odontoblasts and form predentin after the formation of preameloblasts from the inner enamel
epithelium. A: Outer cells of the dental papilla line up along the basement membrane with repolariza-
tion of their nuclei to become odontoblasts. B: Odontoblasts start dentinogenesis, the apposition of
predentin on their side of the basement membrane (arrows).

ment membrane. Later this membrane will disintegrate and mineralize
to form the dentinoenamel junction. Note that the predentin is thicker
than the enamel matrix because the odontoblasts differentiate and
start matrix production earlier than the ameloblasts. The predentin
forms around the dentinal tubules that contain the odontoblastic pro-
cess attached to the odontoblasts.



