a embryologie

IVI U I\I Eiztti‘;ogie
MED

« Ustni dutina
GIT I * Vyvoj obliceje

 Faryngovy aparat

Petr Vanhara
pvanhara@med.muni.cz




USTNI DUTINA

Horni a dolni ret
Vestibulum oris
Tvrdé a mekke patro
Zub

Jazyk



vrstevnaty dlazdicovy epitel
lamina propria mucosae
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» Kkryci sliznice

- slizniCni vazivo (l. propria),
posunlivé pfipojeni sliznice

« mastikacni sliznice

- zrohovatély epitel, lamina propria
prechazi v periost tvrdého patra

(mukoperiost), dasné

» specializovana sliznice

- dorsum linguae
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Vermillion border

M. orbicularis
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RET

Kozni aspekt (ventralné) Oralni aspekt (dorsalne)
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Epidermis Oralni sliznice

Vlasové folikuly Malé smisené slinné zlazy
Mazove zlazy
Potni zlazy



RET

pars glabra . pars villosa

Vermillion border

Eleidin

Absence slinnych Zlaz, vlasovych folikuld,
potnich Zlaz

Vysoké vazivové papily, kapilary

Nervova zakonceni, Meissnerova téliska

novorozenci

torus labialis




JAZYK

Lateral glossoepiglottic fold / Epiglottis

Median glossoepiglottic
fold

Palatine tonsil
Epiglottic vallecula

Root of tongue

Lingual tonsil

Foliate papillae

Terminal sulcus of tongue
Vallate papillae

Foramen cecum of tongue

KEN
Body of tongue
® www.kenhub.com

Median sulcus of tongue

Apex of tongue
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FOLD A}
SUPERIOR HORN OF
PALATINE THYROID CARTILAJE
TONSIL

LINGUAL TONSIL

SULCUS
TERMINALIS

FOLIATE
PAPILA <l ~
~___ FILIFORM
\ PAPILA
VALLATE
PAPILA
FUNGIFORM

™ PAPILA

LATERAL GLOSSOEPIGLOTTIC

AnatomyUMFTM®©2012




JAZYK — APEX L

Dorsum linguae

Facies mylohyoidea




JAZYK - SVALY

* Intraglosalni
« Extraglosalni ——
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I JAZYK - FACIES




JAZYK — DORS

» specializované slizniCni struktury - papily
* slizniCni vazivo

Eplthellum Epithelium Taste bud

Véllate papilla

Filiform papilla

Epithelium Taste bud

Epithelium Taste bud

Apex of tongue = = k.
o papllla Dorsal surfaoe of tongue Foliate papilla



JAZYK — FILIFOR

Epithelium




JAZYK — FUNGIFO

Epithelium Taste bud
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JAZYK — FILIFORMNI A FUNGIF
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JAZYK — VALAT

Epithelium Taste bud

’fa..
-

Vallate paplila
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| JAZYK — CHUTOVE




a2k - cHUT OV O

surface of tongue

microvilh

* intraepitelialni struktury

e porus gustatorius

« 2000-8000 v ustni dutiné |
« 60-80 bunek receptor cells
e 70-80 pm x 30-40 um basal cell Sensory neurons
* mikroklky na smyslovych bunkach

* nervova viakna




| JAZYK — CHUTOVY

TASTE BUD TASTE * horke
RECEPTOR e sladké
CELL
e .  umami (glutamat)
receptor tight junction 4 . . 7
cl :',....-?,/:T'““L“'°" * G-proteiny asociované s receptory
: i :
3 * slané
g SIGNALING o kyselé

e jontové kanaly
relosa * CD36
e fatty acid transporter

NEURONAL
SIGNAL

* navnimani chuti se
podili i Cichovy epitel

sweet sour bitter umami
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ZUB

Korunka — S

Sklovina ——

Dentin
Gingiva
Dren
Cement

Periodontalni
ligamentum

Alveolarni
kost

 Anatomicka x klinicka korunka

Dot of the 1ot =+

 Kréek

« Koren




| ZUB - ZUBNI SKLO

o,

%1
3
o

Sklovina
 Ameloblasty
* Neregeneruje
* 96% Ca-hydroxyapatit, prizmata
« Enameliny, amelogeniny, ameloblastiny

Cement

« Cementoblasty

* Regeneruje

* 50% Ca-hydroxyapatit

« Kolagen |, llI, XII, GAG, proteoglykany
« Sharpeyova vlakna - zubni alveolus




I ZUB - DENTIN

DENTIN Dentin

 Odontoblasty

* Regeneruje

» 70% Ca-hydroxyapatit

» Kolagen I, glykoproteiny, proteoglykany

» VybézZky odontoblastu -Tomesova vlakna
* Owenovy linie

* Nervova vlakna




ZUB - DENTIN

|

WEE o ment
d oS

IegrE | dentin
odontoblasty . -“t@ A

predentin

eriodontium




ZUB - ODONTOBLASTY




odontoblasts

predentin

dentin

subodontoblastic
zone

pulp
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- periodontiur



ZUB - DREN (PU

e rosolovité vazivo podobné embryonalnimu mesenchymu
e bohata vaskularizace a inervace

e korunkova dren a korenovy kanalek

e foramen apicale - periodontium

e odontoblasty

* nociceptivni nervova vlakna (plexus Raschkowi)
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ZUB — PERIODON

Dasen

- volna (marginalni, g. libera)

- pfipojena (g. affixa)
paramarginalni ryha (zevni gingivalni zlabek)
sulcus gingivalis
gingivodentalni uzavér

vrstevnaty dlazdicovy epitel
lamina propria mucosae — husté kolagenni vazivo

Sulcus
Marginal
gingiva
Sulcular
epithelium

Enamel
space

. 4 W Free gingival
Dentin 7 /groove
: / ; Lamina propria
Al 7 s (gingival fiber
7 group)

Cementum

Attached
gingiva

Junctional
lines br. 8. Schéma gingivy. 1 — volné gingiva, 2 — piipojend gingiva, 3 — alveoldrni sliznice, Periodontal epithelium

f the , 4 — vestibuldrni sliznice ligament



ZUB — PERIODONTIU

Enamel
space

Free
gingival
fibers

Circular
fibers

Transseptal
fibers

Dentin of
adjacent teeth

Transseptal
fibers

Alveolar
crest
fibers

Circular
group

Dentogingival
group

Dentoperiosteal
group

Alveologingival
group

Alveolar
bone



I VYVOJ ZUBU

Interakce ektodermu a mesenchymu
e primarni dentalni lamina — zubni primordia

Dental lamina

Upper lip

Tooth bud

Lower lip Dental lamina

First pharyngeal \ Developing

Mesenchyme A z - arch cartilage B T ,_ mandible




I VYVOJ ZUBU

* Primordium
« Zubni vacek (zubni papila)
« Zubni poharek (organ skloviny)

/ Oral epithelium

s ————e

55/ e Dental lamina T
Dental lamina Enamel organ B
A \ B C ,

Mesenchyme Dental papilla

Degenerating dental lamina

Bud of

permanent tooth Enamel

reticulum

Inner enamel epithelium Dental pulp

Bone

F

Outer enamel epithelium Dental papilla

Dental sac Epithelial
root sheath



vivoszusy

Enamel |
reticulum

Ameloblasts

Enamel prisms—iiiTn

« organ skloviny (zevni a vnitrni
ameloblasty, pulpa skloviny — sklovinné
retikulum) - produkce sklovinnych prizmat  pradentin

- diferenciace odontoblast( - ukladani . .'@' oy
dentinové matrix b

- vyb&zky odontoblast(i: Tomesova viakna  Dental pulp

Dentin—— |

Odontoblasts
Odontoblastic process



I VYVOJ ZUBU

vyvoj kofene — prorezani zubu
cervikalni klicka— Hertwigova korenova pochva

Oral epithelium

Gingiva

_ Anatomic
Odontoblastic layer crown
Dental pulp
~—— Periodontal ligament L Root

: Artery
| Alveolar bone

H

Developing permanent tooth



VYVOJ ZUBU

—

Vyvoj zubu — development of tooth (maxilla, Sus scrofa).

(A) Stadium pozdni cepitky — late cap stage, (B) stadium zvonku — bell stage, (C) stadium pozdniho
zvonku / stadium apozice — late bell stage / apposition stage, (D) detail mista apozice zuboviny a
skloviny — detail of the site of dentin and enamel apposition.

(1) Hvézdicovité retikulum — stellate reticulum, (2) preameloblasty (vnitini sklovinny epitel) —
preameloblasts (inner enamel epithelium), (3) stratum intermedium, (4) vnéjsi sklovinny epitel — outer
enamel epithelium, (5) vznikajici kost budouciho zubni alveolu — developing bone of dental alveolus,
(6) zubni folikul — dental follicle, (7) cervikalni epitelova klicka — cervical epithelial loop, (8) zubni
papila — dental papilla, (9) preodontoblasty — preodontoblasts, (10) nahradni zubni lista (zaklad pro
zub trvalé dentice) — succesional dental lamina (developmental origin of permanent teeth), (11)
odontoblasty — odontoblasts, (12) zubovina — dentin, (13) sklovina - enamel, (14) zubni pulpa -
dental pulp, (15) ameloblasty — ameloblasts, (16) predentin, (17) Tomesova vlakna (vybézky
odontoblastl) — Tomes's fibers (processes of odontoblasts), (18) Tomesovy vybézky (vybézky
ameloblastli) — Tomes's processes (processes of ameloblasts), (19) krevni cévy ve vrstvé
odontoblasti — blood vessels in the layer of odontoblasts. Barveni — staining: Massonuv trichrom —
Masson's Trichrome.



VYVOJ ZUBU - MOL

Ewéﬁ Science

Signalling In Tooth Development

Irma Thesleff
Initiation T A a— Differentiation Root formation
phog and mineralization and eruption
Dental lamina Bud Late bell
—al _—p e - ) - e e — N ‘W"\‘ Bl
Mesenchyme Ecloderm Dental placode / f ﬂDentin
{ Nl (-
-/- ‘.“\' ‘4-..A
Msx1”,Msx2" Msx1 W e i S
Dix1”, Dix2" Paxg”  Enametinol WP -
Gli2'/', Gli™ Lef? /' o Secondary enamel knots ? J "'/'I‘ \
Pitx2" ?{vam /[iA Dentn  Enamel man e }
unx2”
Jaw bone
Oral ectoderm Dental placode Enamel knot Secondary
BMP Bud ectoderm enamel knots
FGF p21 BMP TNF p21 BMP p21 BMP
. SHH o | M2 FGF 1 5 Msx2 FGF p | Mox2 FGF
| P& Left SHH Left SHH Lef1 SHH

WNT \

Lhx6, Lhx7, Barx1,

WNT
TNF \ Edar

Lhx6, Lhx7, Barx1, Lhx6, Lhx7, Barx1, BMP

BMP =P | Msx1, Msx2, Dix1,

Msx, Msx2, Dix1, =P  Msx1, Msx2, Dix1,

Dix2, Pax9, Giit, ACTIVIN Dix2, Pax9, Glit, FGF Dix2, Pax9, Glit, FGF
' Gli2, Gii3 aiiz, Giis, Left, runxe | WNT | Giia_ Giig, Left, Runxe | WNT
Odontogenic Condensed dental Dental papilla
mesenchyme mesenchyme mesenchyme

BMP

WNT

Differentiation
and mineralization




| SLINNE ZLAZY

e malé (gll. labiales, buccales, retromolares, palatinae, gll.
lingualis anterior - Blandini, gll. Ebneri, gll. Weberi)

e velké (gl. parotis, gl. submandibularis, gl. sublingualis)

viz GIT 3

\
Parotid Submandibular Sublingual
gland gland gland
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VYVOJ OBLICEJ

Maxillary process

‘ ‘\Meckel's cartilage




| VYVOJ OBLICEJE

processus frontonasalis
processus maxillares

stomodeum

processus mandibularis

nasalni plakoda

stomodeum '

0

28 days 2. faryngovy oblouk



| VYVOJ OBLICEJE

. Mandibular prominence

Maxillary prominence

Frontonasal prominence

Pharyngeal
arches:
1st

Heart prominence

A A1
24 days
Lens placode
Nasal placode
Stomodeum
B 2nd pharyngeal arch B1

28 days



4th week

Frontonasal
Developing process

brain
y

Lens _Lﬁ

placode

Nasal
placodes

Stomodeum

Site of otic

placode :
Developing

heart




| VYVOJ OBLICEJE

Nasal pit

Eye

Nasolacrimal groove
C1
31 days

Nasal pit

Median

| prominences
Lateral} Nasal p

Nasolacrimal groove

33 days External acoustic meatus
(first pharyngeal groove)

Maxilla with
4 incisor teeth

Intermaxillary segment

Primary

palatal

A

«  Cichové jamky jsou ohrani¢eny valy — medialni a lateralni nosni valy
»  zbytek €elniho valu vytvofi area triangularis (zaklad pro hibet a hrot nosu)

« medialni nosni valy spolu srostou a vsouvaji se mezi maxilarni vybézky jako intermaxilarni segment
(davaji vznik stredni Casti horniho rtu, ¢asti horni Celisti v oblasti fezaku a ¢asti patra — primarni patro)



frontonasal
y. prominence
medial

medial
nasal nasal

brominence




VYVOJ OBLICEJE

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

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



| VYVOJ OBLICEJE

Lat. nasal
prominence

Med. nasal
prominence
Maxillary
prominence

Mandibular

prominence \Nasolacrimal . # : "
A g B Philtrum

7 tyden




| VYVOJ OBLICEJE

a Embryonic origins of the cellular precursors of the jaw complex

amniote embryo " chondrocytes =———3> cartilage
crania
heural crest => osteoblasts ===——=> bone
/ tenocytes == A\
neural
ectoderm
- angioblasts ==p=t==J»> vasculature
paraxia A0
mesoderm =3 osteoclasts
myocytes 2> muscle
surface = mandibular =
: ectoderm epithelium > tendon
https://evodevojournal.biomedcen _' pgﬁ%'&%?ﬂ = Qgﬂ,‘gﬁﬂﬁr
tral.com/articles/10.1186/s13227-
019-0131-8 b Head and jaw skeleton of a generalized vertebrate embryo

neurocranium

B ectoderm

B mesoderm S viscerocranium
I neural crest C::m—___-
[J] endoderm -

B chordamesoderm dermatocranium



https://evodevojournal.biomedcentral.com/articles/10.1186/s13227-019-0131-8

| VYVOJ OBLICEJE —

A

Quail Duck Duc

B  Quail Duck

transplant
neural crest
cells destined
for the beak

— ‘Quck’

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

Quail

transplant

neural crest
cells destined

for the bill

#—

https://evodevojournal.biomedcentral.com/
articles/10.1186/s13227-019-0131-8

https://www.sciencedirect.com/science/

neural crest cells contain inherent species-specific article/pii/B9780080450469006732
patterning information, and generate

a duck-like bill on a quail host



https://evodevojournal.biomedcentral.com/articles/10.1186/s13227-019-0131-8
https://www.sciencedirect.com/science/article/pii/B9780080450469006732

| VYVOJ OBLICEJE

A

n median nasa [
prominence

lateral nasal
prominance

n maxillemandibular
prominance

Shh a FGF



VYVOJ OBLICE

Chick

Human
CS16

o — —

Overlying Ectoderm

Notochord

. Sonic hedgehog protein . Sonic hedgehog producing cells

[ BMP protein . BMP producing cells



| VYVOJ OBLIGEJ

Normalni

Cyclopamine (teratogen)

anti-SHH Ab




VYVOJ OBLICEJE

https://www.youtube.com/watch?v=FhhWG3XzARY



https://www.youtube.com/watch?v=FhhWG3XzARY

VYVOJ OBLIC

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

Medial nasal
processes

Frontonasal
prominence —— Lateral nasal
rocesses
Maxillary 5 ?
processes i— Nasal pits
Oral cavity - Alae -
“—— Mandibular

processes

Primary
palate Incisive

foramen

— Nasal
septum

Fused
palate

Secondary
palatal
shelves

Nature Reviews | Genetics



| VYVOJ OBLIGEJ

Nasal chamber

Eye

Primary
palate

’0,/

Palatine shelf

Incisive
foramen

Oral cavity

B mvula



VYVOJ JAZYKA

Faryngové oblouky

. tuberculum linguale laterale (dx. et sin.) + tuberculum impar

(linguale mediale) — apex a corpus

llI-IV.  copula + eminentia hypobranchialis — radix




VYVOJ VES

Vestibularni liSta

e definitivni ret

« gingivalni val

Mandibula

Dentalni lamina
Dentalni papilla
Organ skloviny
Labiogingivalni lamina
Meckelova chrupavka
Oralni epitel

Jazyk

©ONOOhWNE

http://www.chronolab.com/atlas/embryo/histo_head.htm



VYVOJ VESTIB

« Nazalni kanalky — primitivni choany

« Nazalni septum z area triangularis — splyva se sekundarnim patrem

ONOOA WD

. Oko

Mandibula
Maxila

Dutina nosni
Nosni septum
Dutina ustni
Patrove vybezky
Jazyk



Rozstép mekkeé tkané

rozStép horniho rtu (cheiloschisis) — lateralni (uni, bi), medidlni

e rozStép dolniho rtu — medialné, kombinovany s dalSimi vadami (Celist,
jazyk) — gnathoschisis et cheiloschisis inf.

e Sikmy rozStép (fissura orbitofacialis)
e pricny rozstép (fissura transversa)

35 days

(F) veolere - noor £



| ABNORMALITY

Rozstep tvrdé tkané

horni Celist

mezi SpiCakem a 2. rezakem

unilateralné nebo bilateralné

kombinovana s rozstépem patra (cheilognathoschisis)
patro (palatoschisis)

primarni (pred foramen incisivum)

sekundarni (za foramen incisivum)

sdruzené vady: cheilognathopalatoschisis

Primary

Incisive Nostril

Maxilla with
4 incisor teeth

Primary
palate

Fused
palatal
plates

D

Figure 16-25. Ventral view of the palate, gum, lip, and nose. A, Normal. B,
Unilateral cleft lip extending into the nose. C, Unilateral cleft involving lip and jaw,
and extending to incisive foramen. D, Bilateral cleft involving lip and jaw. E, Isolated
cleft palate. F, Cleft palate combined with unilateral anterior cleft.



I ABNORMALITY VY

Figure 16-26. Photographs of incomplete cleft lip (A), bilateral cleft lip (B), and
cleft lip, cleft jaw, and cleft palate (C). (Courtesy Dr. M. Edgerton, Department of
Plastic Surgery, University of Virginia.)
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| FARYNGOVY APA

neural crest

Embryonic Circulation

Aortic arch arteries Anterior cardinal vein
Ventral aorta Common cardinal vein
Dorsal aorta Posterior cardinal vein

axial structures

paraxial mesoderm / Placental

Circulation

Left umbilical vein
Umbilical artery

arteries Vitelline Circulation
Vitelline vein
Vitelline artery

pharynx

pharyngeal arches

1 I m v



FARYNGOVY A

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



A Dorsal
aorta

Aortalni oblouky

Aortic arches

1 zanika, pfispiva k a. maxillaris, a. carotis ext. I
I
2 zanika, pfispiva k a. stapedia, a. hyoidea i
Vv
3 a. carotis interna Vv
Vi

4 pravy: t. brachiocephalicus + Cast a. subclavia dextra

levy: arcus aortae Right dorsal
. aorta
5 zanika
. T : . By External carotid
6 pravy: proximalni ¢ast: a. pulmonalis dextra, distalni arteries
vymizi o _ Internal carotid artery
levy: proximalni ¢ast a. pulmonalis sinistra, distalni éﬂﬁjht vagus nerve = - _ Left vagus
ductus arteriosus

4| nerve

/ Arch of aorta

carotid artery X ‘
Right subclavian artery o hgﬁtvgecurrent
Right recurrent nerve i
7th intersegmental arteriosus
artery
Pulmonary

artery



FARYNGOVY APARA

Derivat Priklad Derivaty
ektodermoveé Faryngovy Aortalni oblouk Kranialni nerv branchiomernich Derivaty skeletu entodermové
brazdy oblouk svalu vychlipky
e 2vykaci svaly kladivko, kovadlinka o
o 1 zanika, ¢astecné a. \% m.mylohyoideus . . stfedousni dutina,
vnéjsi zvukovod I o . . SR lig. sphenomandib. o
mandibularni maxillaris n.trigeminus predni bfisko m. tuba auditiva
. ; Meckelova chrupavka
digastricus
mimické svaly .
S e x x N tfrminek
zanika, ¢astecné a. zadni briSko m.- . o
2 : VI . . proc. styloideus, hyoidni I
. stapedia o digastricus fossa tonsillaris
hyoidni . n.facialis . chrupavka
a. hyoidea m.stapedius
m. stylohyoideus
proximalni useky aa.
3 carotides communes, IX m. stvlopharvnaeus hvoidni chrupavka thymus, pfistitna
distalni aa. carotides n.glossopharyngeus - stylopharyng Y P téliska (inf)
internae
m. cricothyroideus
- TR m levator veli
pravy: proximalni ¢ast a. alatini
subclavia dextra X . E) . o pristitna téliska
iKaii 4 N vaqus pficné pruhovana laryngealni chrupavky (sup)
zanikajl . -vag svalovina hltanu a P
levy: €ast arcus aortae oo
jicnu
svaly hrtanu
5 pokud je zaloZen, rychle
nevyviji se zanika
vpravo: z proximalni ¢asti
vznika a. pulmonalis
dextra, distalni ¢ast
6 zanika; svaly faryngu a

vlevo: z proximalni ¢asti
vznika a. pulmonalis

sinistra, z distalni ¢asti

vznika ductus arteriosus.

laryngu

laryngealni chrupavky
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