Vyvoj obliceje, jazyka a zubu
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Clankovani téla

(d) Segment identity is preserved throughout development.
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Clankovani téla — je lidské télo élankované?
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VYVO)J OBLICEJE — N
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Duck
B Quall Duck
transplant
neural crest
cells destined
for the beak . \

neural crest cells contain inherent species-specific
patterning information, and generate
a quaiHike beak on a duck host

fransplant
neural crest
cells destined
for the bill

#—

Quail

'

%

neural crest cells contain inherent species=specific
patterning information, and generate
a duck-like bill on a quail host

Doc. Petr Vanihara



Neural crest

Figure 1. The sites of origin, migration, and arrival of cranial neural crest
cells. (A) Embryonic neural tube showing the mesencephalon,
metencephalon, and rhombomeres, with the dorsal face of tube coloured to
show the location of neural crest before migration. (B) Sagittal view of
embryo, showing paths of migration of cranial crest cells. (C) Sagittal view
of adult human, showing the origins of various cranial crest derivatives.
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beginning of spinal cord

MES mesencephalon R6 rhombomere 6 IN incus Origin of structures in adult organism
MET metencephalon R7 rhombomere 7 ML malleus ‘
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Vyvoj od zygoty

https://www.youtube.com/watch?v=1zpV5rzWXMA&ab channel=GetAnimatedMedical

Vyvoj obliceje

https://www.youtube.com/watch?v=FhhWG3XzARY&ab channel=FacultyofDentistry%2CUniversityofToronto

https://www.youtube.com/watch?v=iLbgzTIZ6yA&ab channel=0smosis



https://www.youtube.com/watch?v=1zpV5rzWXMA&ab_channel=GetAnimatedMedical
https://www.youtube.com/watch?v=FhhWG3XzARY&ab_channel=FacultyofDentistry%2CUniversityofToronto
https://www.youtube.com/watch?v=iLbqzTlZ6yA&ab_channel=Osmosis

konec 4.tydne polovina 5. tydne

polovina 6. tydne polovina 7. tydne konec 8. tydne




chorionic
cavity

Head

amniotic
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Bo dymembrane‘ I

I 5 mm embryo appears as Carnegie

Stage 13 from ectopic pregnancy.
Week 4-5, 26 - 30 days, 3 -5 mm,
Somite Number 21 - 29
Ectoderm: Neural tube continues to
close, Caudal neuropore closes,
forebrain
Mesoderm: continued segmentation
of paraxial mesoderm (21 - 29
somite pairs), heart prominence
Head: 1%t, 2"d and 3 pharyngeal
arch, forebrain, site of lens placode,
site of otic placode, stomodeum
Body: heart, liver, umbilical, early
upper limb bulge



Lidsky zarodek na konci 1. mésice vyvoje

Zarodek méri cca 8 mm a je ohnut konvexitou dorzalné

Hlavovy oddil zarodku je mohutny a sméruje ventralné

Na hlavovém oddilu se rysuji zaklady oka (o¢ni vacky a ploténka ¢ocky) a nosni dutiny v podobé nosnich (¢ichovych) jamek

e flexura occipitalis

i hyoidni oblouk
zaklad oka

sinus cervicalis

srdecni hrbol

stylopodium

autopodium

vybézek pro horni &elist

vybézek pro dolni Celist



Lidsky zarodek na konci 1. mésice vyvoje

Ventralné od temenniho a tylniho hrbolku - Zaberni (faryngovy) aparat

Zaberni oblouky (arches) - zaklada se jich 6
Zaberni vklesliny (clefts) (ektodermové Zaberni brazdy) - celkem 4
Zaberni vychlipky (pouches) (entodermové Zabermi brazdy) - celkem 5, oddélené od vkleslin obturujicimi

membranami - membranae obturantes

Openings of
pharyngeal pouches
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FARYNGOVY APA
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Carison: Human Embryology and Developmental Biology, 4th Edition.
Copyright © 2009 by Mosby, an Imprint of Elsevier, Inc. All rights reserved.

Doc. Petr Vanihara



1. Zaberni oblouk (mandibularni) je rozdélen ve:

- Vybézek pro horni Celist - processus maxillaris

- Vybézek pro dolni celist - processus mandibularis

Frontal prominence

Maxillary
process 2

Mandibular
process




Vyvoj obliceje

Zaklady oblic¢eje se zacinaji rysovat koncem 4. tydne okolo primitivni Ustni jamky - stomodeum

Zaklada se 5 vybézk:
- neparovy frontonazalni vybézek
- parové maxilarni vybézky

- parové mandibularni vybézky

Podklad vybézkl tvori ektomezenchym, ktery do nich vcestoval z dolniho mezencefalického a horniho rhombencefalického
useku crista neuralis

Povrch vybézkl kryje ektoderm, jenz vystylad i ssomodeum; vybézky jsou zpocatku od sebe oddéleny hlubokymi zarezy. Jde o
dynamicky proces - za€ina na prelomu 4. a 5. tydne vyvoje a je ukoncen zhruba v 8. tydnu.

Spociva v proliferaci ektodermu i ektomezenchymu vybézkl a jejich dalSim ¢lenéni, presunech (migraci) vybézka, v
rozdilnych rustovych rychlostech (zmény jejich velikosti) a ukonéen splynutim (fazi) vybézkau.



processus frontonasalis
processus maxillares

stomodeum

nasalni plakoda

stomodeum

2. faryngovy oblouk

28 days

Doc. Petr Vanihara



vivoroseie

. Mandibular prominence

Maxillary prominence

Frontonasal prominence

Pharyngeal
arches:
1st

tomOdeum \

Heart prominence

A
24 days
Lens placode
Nasal placode
Stomodeum
B 2nd pharyngeal arch B1

28 days

Doc. Petr Vanihara



VYVO)J OBLICEJE

Frontonasal
Developing process
brain
4
Lens —L-!!' Nasal
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Doc. Petr Vanihara



VYVO)J OBLICEJE
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Primary
palate

e Cichové jamky jsou ohrani¢eny valy — medidlni a lateralni nosni valy

e Zbytek Celniho valu vytvori area triangularis (zdklad pro hrbet a hrot nosu)

e Medidlni nosni valy spolu srostou a vsouvaji se mezi maxilarni vybézky jako intermaxilarni segment (ddvaji vznik stfedni ¢asti horniho
rtu, ¢asti horni Celisti v oblasti fezak( a ¢asti patra — primarni patro) Doc. Petr Varhara



Frontonazalni vybézek (vyvine €elo, nos - koren, hrbet, spicka a kridla a stfedni cast horniho rtu - philtrum)

Frontonasal
prominence

Nasal placode

Disintegrating
buccopharyngeal
membrane

Maxillary
swelling

Mandibular
swelling

2nd pharyngeal
arch

5th week
4th week e



Po vytvoreni jamek se okolni ektomezenchym rozdéli ve 2 podkovovité valy :
Processus nasalis medialis
Processus nasalis lateralis

Trojuhelnikovita oblast mezi medidlnimi nosnimi vybézky se nazyvad area triangularis

area triangularis processus nasalis

medialis

processus nasalis

nazalni plakoda lateralis

processus
maxillaris

processus
mandibularis

stomodeum

Early 6th week




Intermaxilarni segment

Pravy a levy processus nasalis medialis splynou ve stfedni roviné v
neparovy intermaxilarni segment

Z horniho useku segmentu se vyvine hrbet a Spicka nosu (dorsum et apex
nasi)

Dolni Usek segmentu (tzv. area infranasalis) proliferuje smérem k Ustnimu
otvoru a vsune se mezi medidlni konce obou processus maxillares a da
plvod stredni ¢asti horniho rtu (philtrum)

Early 7th week

Jednotny horni ret vznikne az po srlstu intermaxildrniho segmentu s
processus maxillares
intermaxilarni segment

Z area triangularis, kterd se béhem fuze medidlnich nosnich vybézki zaklad oka

premisti nad intermaxilani segment, pochdzi radix nasi T T—

processus maxilaris
Laterdlni nosni vybézek se nachdazi nad maxilarnim vybézkem a je
oddélen zZlabkem: nasomaxilarni zlabek (okulonazalni ryha)

processus mandibularis



VYVO)J OBLICEJE

35 days

Maxilarni vybézky srostou
1. s intermaxilarnim segmentem (vytvoreni horni Celisti a rtu)
2. s lateralnimi nosnimi valy (zbytek horni Celisti a kfidla nosu)

Lateralni nosni valy jsou od maxilarnich zpocatku oddéleny ryhou — sulcus nasolacrimalis, ktera se uzavre a vytvori slzny kanalek

Doc. Petr Vanihara
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Lat. nasal
prominence

Med. nasal
prominence
Maxillary
prominence

Mandibular R\
prominence \Nasolacnmal

A groove | Philtrum

7. tyden

Doc. Petr Vanihara



Vyvoj obliceje - shrnuti

[[] trontonazaini vybazek [ maxsami vybazek B mandwuiami vibézek

faryngové (2abemni)
oblouky

srdedni hrbol
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) —
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D

33 dni) 1

zevni zvukovod
(peva faryngova Stérbina)

Obr. 10-26. Schémata zobrazujici stadia vyvoje lidského obliceje.
Nustrace pokraCuje no plisti stréance
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48 dnl
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sulcus
nasolacrimalis

intermaxilami sagment

fitrum rtu

Obr. 10-26. Pckracovan!



Vyvoj ustni a nosni dutiny

Z primitivni ustni jamky - stomodeum
Stomodeum spojuje primitivni ustni otvor s télnim povrchem

Dno jamky (oro-)faryngova membrana

Frontal
prominence

Gut

Cardiac

Copyright © 2003, Mosby, Inc., All rights reserved.

.....

Po prodéravéni orofaryngové membrany komunikace s faryngem

M ' u'{-‘;?m

4th week

Strop stomodea - mezenchym a ektoderm celniho vybézku



Dutina nosni

Nosni plakody = Nosni jamky - Nosni kanalky - rostou
dozadu a dolu az se pfiblizi ke stropu stomodea

area triangularis processus nasalis

medialis

processus nasalis

nazalni plakoda lateralis

processus
maxillaris

processus
mandibularis

stomodeum

Stage 14
32 day
35 somite




Vyvoj nosu a noshich dutin

Dolni Usek intermaxilarniho segmentu — philtrum

area triangularis processus nasalis

medialis

intermaxilarni segment

processus nasalis zaklad oka

nazalni plakoda

lateralis

area infranasalis
proc_ess_us
maxillaris processus maxilaris

processus
mandibularis

stomodeum

processus mandibularis

Spicka a hibet nosu - stfedni a horni Usek intermaxilarniho segmentu
Nosni kfidla (okraj nosnich direk) z laterdlnich nosnich vybézki

Early 7th week

Nos je zpocatku plochy — roste ventrdlné, ¢cimz dojde k jejich vyzvednuti nad Uroven ostatnich vybézku



Vyvoj patra (palatogeneze)

V poloviné 6. tydne se oronazalni dutina zacne délit pomoci horizontalni prepazky v definitivni:

nosni dutinu a ustni dutinu

Zacina v 6. tydnu, konci cca v 10. tydnu

3 zaklady:

a) medialni patrova ploténka - vyrlsta ze zadni strany intermaxilarniho segmentu (splynulych processus nasales
mediales) - pol. 6. tydne; ma klinovity tvar a derivuje maly usek patra pred papila incisiva, zvané primarni patro

Median palatine process Maxilla with
4 incisor teeth

Developing
gum

: i .
Developing Philtrum of lip

upper lip Intermaxillary segment

Fused
palatal
plates

Site of future
fusion

Nasal septum
Lateral palatine process




Vyvoj patra (palatogeneze)

b) laterdlni patrové ploténky (patrové vybézky) — vyristaji z medialni strany processus maxillares - konec 6. tydne - plvod
tzv. sekundarniho patra

Cichovy epitel

septum nasi
nosni dutina
: Primar
p?tl‘? ‘y = palaté
vybézky
jazyk
) Palatal shelf
dutina ustni Nasal septum
B
A
septum nasi
cavum nasi b
imary
concige palate
N fuze patrovych Secondaiy
vybézku palate
Palatal shelf
jazyk
B

C

Patrové ploténky zpocatku rostou kaudalné (po strandch zakladu jazyka), koncem 7. tydne se zvedaji do horizontalni polohy
,horizontalizace patrovych plotének” (kaudalni sestup jazyka zpuUsobeny vertikdlnim rlstem vybézk( pro dolni Celist), medialni
konce plotének rostou proti sobé - poc. 8. tydne se setkaji a pak srostou



Vyvoj patra (palatogeneze)

Labial
frenum

Upper lip

Incisive papilla

Misto srlstu je patrné na ordlni strané patra jako o Hichrabolli

Hard palate

raphe palati Soft palate

C Uvula

FIGURE 5-10 Later stages of nasal septum development showing its
fusion with the final palate (A and B) in order to separate the nasal and
oral cavities completely (C).

al chamber

~Oral cavity




Vyvoj patra (palatogeneze)

Ve stejném Case srostou predni hrany lateralnich patrovych plotének s neparovou medialni ploténkou - jednotné patro

V linii srdstu vsech tri ¢asti se otevira Foramen incisivum

Mezenchym primarniho patra a patra sekundarniho (az na kratky oddil dorsalni) pak osifikuje (intramembrandzné) a patro se rozlisi na:
Patro tvrdé - palatum durum

Patro mékké - palatum molle a Cipek (uvula)

malls R Primary
Y palate
Secondary Primary palate
palate formed with four
from fused incisor teeth
palatal shelves
with canines and
posterior teeth
Hard palate —>»
Secondary
/
/ palate
Hard palate
Area of
edian Soft palate
palatine suture
Soft palate




e primarni patro (intermaxilarni segment)
e sekundarni patro (lateralni patrové ploténky)

Medial nasal
processes

Frontonasal

prominence —— Lateral nasal
rocesses

Maxillary oL g

processes i— Nasal pits

Oral cavity - Alae -

~—— Mandibular
processes

Primary
palate Incisive

foramen —#-

— Nasal
septum

Fused
palate

Secondary
palatal
shelves

Doc. Petr Vanihara

Nature Reviews | Genetics
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Eye

Primary
palate

Palatine shelf

Incisive
foramen

B \)CIJvula

Doc. Petr Vanihara



Vyvoj predsine dutiny ustni

6. tyden - predsin dutiny Ustni se vyvine z tzv.
vestibularni (labiogingivalni) listy

horni ret e
zubni lista

Zaklada se na volném okraji vybézk({ ohranicujicich Vestoulr rine | vestibulami ’ 24Klad jazyka
primitivni dstni otvor . lista
e P00 Bug, D dasfovy val
5 ) o m dolni ret
Pfredsin uUstni dutiny odpovida Stérbiné, jez z(istala PO .
po rozpadu centralnich bunék vestibularni listy P vestibulum
-G Mesenchymad
5 4 Comen® Meckelova
chrupavka
ektoderm
Oral G |
epithelium onera

lamina

~ Late cap stage
Bell stage

Vestibule
Advanced bell stage

Tooth-bud ~Z — —fk </ LP

/a

Degenerating Lateral lamina Vestibular lamina

dental lamina






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“

—
s




 Oral ectoderm General
: lamina

Permanent |

: General lamina
Vestibule —

Developing teeth

Successional lamina of permanent
teeth primordia




Epitelo — (ekto)mezenchymové interakce

EPITHELIAL PLACODE l\_/_,

20 L@ N\
MORPHOGENESIS ﬁl

ADULT ORGAN

TOOTH HAIR MAMMARY FEATHER
GLAND




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
Identickda morfogeneze

Proliferace, migrace, embryonalni indukce, apoptdza

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

Ektomezenchym indukuje proliferaci a diferenciaci ektodermu dasrfiového valu v odontogenni
epitel a primarni zubni liStu se zdklady zubu

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

Evolucné 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

* |n vitro co-culture a in vivo transplantace

Mysi ektomezenchym < » Kureci oralni epitel




Vyvoj zubu — development of tooth

Plakoda Pupen
Placode Bud

Prehled vyvojovych stadii zubu

14
Pozdni cepicka Pozdni zvonek / apozice / 17
Late cap Late bell / apposition &

X
e

\ pfipadé vyvoje zubu s vice vrcholy
dochazi po zaniku primarniho
sklovinného uzlu k vytvereni
sekundarnich sklovinnych uzlu.

In case of multi-cusped teeth
development, secondary enamel
knots are developed after elimination
of primary enamel knot.

Smér rustu
Direction of growth

GEEN N i

10%?' 15 )19 -
16 ®
13\ N

Zuby s jednim vrcholem
Single-cusped teeth

1

.
\E/ Zuby s vice vrcholy
Multi-cusped teeth

J

11

20

MUNI
MED

Cytologicky a embryologicky atlas
Atlas of Cytology and Embryology




Stadium zubniho pupene

Po zaloZeni maxilarni a mandibularni zubni listy se na kazdé utvafi 10 zubnich pupent (primordia)

Pupeny proliferuji z volného a proti ektomezenchymu obraceného okraje listy a smeéruji vétSinou mirné
labialné nebo bukalné

Tvorba primordii: konec 7. - zac. 8. tydne

(na maxilarni zubni listé pozdéji nez na listé mandibularni)

Dental lamina

Vestibular lamina

Tooth bud

Developing mandible

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

1 " Il"’j Nerve

Copyright © 2003, Mosby, Inc., All rights reserved.



Stadium zubni cepicky
9. - 10. tyden vyvoje

Z ektomezenchymu se konstituuji zaklady zubnich papil

Primordium of the Successional Balogh and Fehrenbach 2011
succedaneous tooth \ dental lamina

Enamel knot

~-Enamel organ

Ectomesenchymal
- cells still closely
aggregated to form
the dental papilla

— Enamel organ

— Dental papilla Tooth | .

2| Dental sac germ

| Developing
mandibular bone




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

Zretelné 4 vrstevné usporadani sklovinného organu:

Vnitrni sklovinny epitel - Hranice s ektomezenchymem na
povrchu zubni papily. Stihlé bufiky (aZ 50 um) tloudtky cca
4 um. Bunky nasedaji na l. basalis ameloblastica.

Stratum intermedium - slozeno ze 3 - 5 vrstev ovalnych az
znacné oplostélych bunék oddélenych intercelularnimi
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 bunkami, ma téz bazalni membranu




Bell Stage

Outer enamel epithelium
Stellate reticulum

Stratum intermedium
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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 Capstage

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
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* Obdobi tvorby tvrdych tkani zubu Bamoe.
* Zacina ve druhé poloviné 4. mésice fetalniho vyvoje K

Misto prvotni
mineralizace

Korunka — vznika nejdfive (dentin, sklovina)
ukladani skloviny a zuboviny zacinda v oblasti rlstového

v

(signalniho) centra a z ného se proces Sifi apikalné

Tvorba skloviny = amelogeneze
Tvorba zuboviny = dentinogeneze

"Pulp "
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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 zdkladé vzajemnych interakci s epitelem se zacinaji diferencaovat 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.



Amelogeneze



Amelogeneze

Do sekrece skloviny se postupné zapoji vSechny ameloblasty a kazdy vytvari jeden hranol skloviny (prizma)

Rlst neprobiha kontinualné, ale periodicky (s pravidelnym stfiddnim faze maximalni sekrecni aktivity a faze
odpocinkové (klidové)

V pribéhu jednoho cyklu se prizma prodlouZi pfiblizné o 15-30 mikrometr( projevem jsou na zubnich vybrusech
Retziusovy ¢ary - konci v perikymatech

Délka této periody jsou asi 4 dny

Sekrece prizmat - 3 faze:

- ukladani organické matrix - proteiny, mukopolysacharidy, lipidy

- mineralizacni - v matrix se tvori krystaliza¢ni centra, kde se uklada hydroxylapatit v podobé submikroskopickych
krystal(

- maturacni - rlst krystall spojeny s Ubytkem organické matrix (az 0,5 -1%)







Vyziva ameloblastu

Vyviji se jesté prfed zahajenim tvorby prizmat - k
fokalnimu zaniku bunék vnéjsiho sklovinného
epitelu zubniho poharku (apoptozou)

Skrz takto vzniklé otvurky v zevnim sklovinném
epitelu penetruji do retikula krevni cévy — zajisténi
vyzivy ameloblastd

Redukce az zanik hvézdicovitého retikula

Z(stane pouze
Stratum intermedium + vnitini ameloblasty




Schematic representation of the various functional
stages in the life cycle of ameloblasts as would occur
in a human tooth

1) Morphogenetic stage

2) Histodifferentiation stage

3) Initial secretory stage (no Tomes’ process)

4) Secretory stage (Tomes’ process)

5) Ruffle-ended ameloblast of the maturative stage
6) Smooth-ended ameloblast of the maturative stage
7) Protective stage

https://pocketdentistry.com/7-enamel-composition-formation-and-structure/




Tvar korunky

Zodpovédné procesy:

1. Primarni paterning tvaru zubu — sklovinné uzly

2. Pocet rustovych center v zubnim poharku — mist, kde burky zahaji sekrecni ¢innost, jsou
definovana béhem diferenciace ameloblastl mechanismy embryonalni indukce signalnimi
molekulami odontoblastli (v genomu bunék sklovinného epitelu exprimuji geny, které ridi
rychlost proliferace)

3. Vyziva béhem samotné produkce skloviny (Héikkinen et al., 2019 Bioinv)
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Dentinogeneze



Dentinogeneze

Zakladni hmotu dentinu secernuji odontoblasty, které vznikly z povrchové vrstvy ektomezenchymu zubni papily
indukénim plsobenim preameloblasti

Sekrecni ¢innost zahdji prvni odontoblasty rlistového centra, tj. na vrcholu zubni papily

Prekurzory dentinové matrix jsou shromazdovany

v apexech, které sméruji proti apexim ameloblast

Vyloucend matrix je mékka - proteiny rodiny kolagenut
kolagen typu | + Il

Odontoblasty a ameloblasty se béhem ukladani matrix

od sebe vzdaluji




S tloustnutim dentinové matrix se apikalni ¢asti odontoblastl vytahuji v tenéi a tenci

vybézky a po zvapenaténi matrix jsou v ni natrvalo zality jako Tomesova vlakna
v dentinovych kanalcich

Odontoblast

A dentinal tubule contains the odontobiast apical process. The
Lnne:uo!enamo!lna Enamel =" walls of the tubule are formed by aligned collagen fibers. Atthe |
man tooth : end of the tubule, the bifurcated ends extend into the enamel.

: Predentin is the nonmineralized zone surrounding the

i apical processes of the odontoblast. It contains type |

B g * collagen resulting from the released procollagen processed
Pagates into tropocollagen. Tropocollagen molecules polymerize to
i produce the type | collagen fibers of predentin.



Vyvoj odontoblastti

Matrix deposition progression

Odontoblast layer

Matrix



Vyvoj zubniho korene



Vyvoj zubniho korene

Dentin zubniho korene se zacina vyvijet az po ulozeni dentinového podlozi pro zubni korunku

Vyvoj probiha pod dohledem sklovinného organu

Bunky cervikalni klicky proliferuji smérem k apexu pfristiho korene

Proliferujici a prodluzujici se ¢ast zubniho poharku, tvorena pouze vnitfnim a vnéjSim sklovinnym =
= Hertwigova epitelova korenova pochva (HERS)

§ R4
} \rq ¥
1 s .,

~ - Hertwig’s
: epithelial
- root sheatr

* Balogh and
% Fehrenbach




Mysi rezaky

e Udrzovani Stem cell niche

Bohata signalizace uvnitr epitelu i do okoli
Modelovy systém pro studium regenerace
a reparace tkani

A Lingual

Cell prollferatnon = Cerwcal Loop

Follistain
Ja_.

®
\ e %o
. \\:&:}g .B. ° : °
SX’ .
AI&S rax;a .. ;E. ° :.. ...
_— 5
© 5 o°

Tgfbr2

® 0
Dental pulp \
Notch1

/Fgf9, Fgfr2 ——| Shh Hesq

Ameloblast Noggin  miRNAs
differentiation
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! .-F * o 9 B oEE Lgrﬂ- LRC
(Paul T Sharpe, Development 2016) Cervical Loop OESE Sphere



Dentinogeneze

Induktivnim ucinkem bunék Hertwigovy pochvy se bunky ektomezenchymu zubni papily
diferencuji v odontoblasty, které zahaji ukladani dentinové matrix korene

Kdyz dentinovy kofen dosdhne patficné tloustky, Hertwigova pochva se rozpadne a jeji misto
zaujme ektomezenchym dentalniho vaku a pokracuje ukladani zubniho cementu

Zbytky Hertwigovy pochvy v periodonciu existuji v podobé epitelovych perel nebo
Malassezovych ostrtivkti (ERM)

Tvar zubniho korene: zavisi na tvaru apikalniho otvoru

Apikalni otvor Hertwigovy pochvy

- kruhovity - neclenény (primarni apikalni otvor) - jeden koren

- rozdéleny pomoci horizontalnich plotének - nazyvaji se diafragmy (-ata) na nékolik
sekundarnich apikalnich otvor(

Pocet diafragmat urcuje pocet kofenu (vétvi) zubu
(u vicekorenového zubu diafragmata ¢leni papilu na useky)



Apikalni konec Hertwigovy pochvy

Balogh and Fehrenbach 2011

FIGURE 6-21 Apical view of multiroot development from horizontal extensions (arrows) of the cervical
loop for (A) a two-rooted tooth, and (B) a three-rooted tooth. Cross section that shows the division that
produces three roots (C) on a permanent maxillary molar.
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Jeden kofen Dva kofeny Tii kofeny

Schematicky nakres kofenové diafragmy pfi pohledu zespodu ukazuje jeji tvar a zmeény pii vyvoji zubu
s jednim, dvéma a tfemi kofeny.




Cementogeneze



Zubni cement

Tvrda, kosti podobna tkan, kryjici koren zubu
Nazloutla barva

Avaskularni hmota

Nedochdazi v ném k prestavbé (na rozdil od kostni
tkané)

cementoklasty

MuUze byt resorbovdan cementoklasty v obdobi
vymeény zub

Béhem Zivota je stale nahrazovan apozici novych
vrstev vitalni tkané

Tvori ho:
e Bunécna hmota
* ECM




Cementogeneze

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

Diferenciaci ektomezenchymu

plasté vzniknou cementoblasty \ .\\ Here the first break

in the root sheath
T occurs, permitting

entry of follicular
cells to form

Zpocatku je ukladani cementozni
matrix velmi pomalé, takze

vy . cementoblasts
cementoblasty se staci premistit
do povrchnéjsich vrstev
- lularni (primarni) cemen .
acelularni (primarni) cement Dentin
V obdobi tésné pred prorezavanim
Root sheath

zubu, produkuji cementoblasty ¥ty . -
zakladni hmotu rychle a v takovém e oA, "I -'

mnozstvi, Ze burikdm znemoznuje ok / - Odontoblasts
unik a po jejim zvapenaténi v ni '
zUstanou trvale zality

- celularni (sekundarni) cement



RESEARCH ARTICLE

Generation and characterization of DSPP- DSPPCGI’U/GCH’)/DMPl Cherry ge n et i Ca I Iy m Od ifi Ed m ice

Cerulean/DMP1-Cherry reporter mice
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DSPP /DMP1
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Crown dentin
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Reporter mice enabling to study
the differentiation of odontoblasts

and perform study of dentin
microstructure development.

DSPP — dentin sialophosphoprotein
(odontoblast-specific)

DMP1 - dentin matrix protein 1
(expressed by hard-tissue forming
cells)

Root dentin
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In what aspects exactly does dentin differ?

in brachyodont teeth?

isor reflects the situation

-growing inc

Does the continously

What are the causative factors?



Does the continously-growing incisor reflects the situation in brachyodont teeth?
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[ In what aspects exactly does dentin differ? ]
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[ In what aspects exactly does dentin differ? ]

Laser-induced breakdown spectroscopy (LIBS)
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[ What are the causative factors? ]

Does the type of adjacent dental epithelium influence development
of the microstructure of adjacent ROOT/CROWN dentin? i

T

\ <‘
ﬁ"‘,

Spry-deficient animals have
ectopic enamel on the
lingual (root-analogue) side
of incisor.

Klein et al., Development, 2008



Enamel

Cementum

[ Role of adjacent epithelium during the dentin development ]
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Type of adjacent epithelium controls the dentin microstructure development

Wildtype

Enamel

Cementum

Wildtype
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Maxillary incisor
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[ Developmental, molecular, structural and functional differences on the labial-lingual axis ]

.
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