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Ontogeneze Clovéka

* Proces kvalitativniho i kvantitativniho vyvoje organismu v case, ktery zahrnuje
jak zmény biologické (vyvoj organu i organismu jako celku), tak zmény
psychicke.

— Proces kvalitativnich zmén je obvykle oznacovan jako vyvoj, proces
kvantitativnich zmén jako rist. Oba procesy jsou velmi Uzce propojeny.

— V urcitych ¢astech ontogeneze vyrazné prevladaji kvalitativni zmeny, v jinych
zmeény kvantitativni.

« Skelet se vyviji jako soucast embrya, plodu a samostatnéeho jedince v
uzkeé souvislosti s vyvojem nervového a svaloveho systemu.

+ Kostra ve zralém stavu predstavuje de facto organovy systém a vyviji
se nejprve ve vodnem prostredi potom ve vzdusném - v poloze
horizontalné a pak vertikalne. e

KRITICKE PERIODY VYVOJE
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H Louise Scheuer and Sue Black

Illustrations by Angela Christie



Obratlovci nejsou primymi potomky bezlebecnych maiji

pouze spolecného predka
Vznikli na poc¢atku prvohor — cca 550 milionu let

Amphibian
kopinatci obratlovci
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Ontogeneze a fylogeneze v evoluci
primatu — vyznam HOX genii
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Diferenciace zarodecnych vrstev
Zarodecny tercik a vyvoj prvosegmentt,
primitivni prouzek, primitivni brazdaa | o=
primitivni uzlik

Neuralni lisSta a neuralni ploténka

Buccopharyngeal
membrane

Prechordal plate

Notochordal process

Primitive node

Primitive pit Primitive streak

Extraembryonic tissues

Amniotic cavity Cloacal membrane

Epiblast , Caudal

Figure 3.2 The primitive streak.
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Figure 3.4 The position of the neural plate.

Notochordal process

Figure 3.3 The trilaminar disc — stage 8 (3rd week).




Diferenciace zarodecnych vrstev
prvotni formovani embrya

Neural groove
9 Rostral neuropore

Developing
brain

. R . e Notochord
Endoderm

Neural crest

(@)

Somites

Notochord

(b) Endoderm
Caudal neuropore

Surface ectoderm

Neural crest cells ‘ Figure 3.6 Embryo showing neuropores and somites — stage 10-11 (4th week). '

Somite

Neural tube |
' Paraxial

— MNotochord
e Mesoderm < Intermediate

R e -
(c) ES ':'D-b., Endoderm

Figure 3.5 Neurulation — stages 911 (4th week).

Neural tube

Notochord

Figure 3.7 Divisions of the mesoderm.



Derivaty ektodermu
- neuroektoderm (nervovy systém, sitnice, ¢ichové buriky, derivaty crista neuralis)

— neuralni lista - splanchnocranium, ¢ast neurocrania, odontoblasty
- epidermis a adnexa kozni (zlazy potni, mazove, mlé¢na, vlas, nehc*'

* - vnitfni ucho (vystelka blanitého labyrintu) | | (S

» - Gotka ocni, epitel rohovky A | [N %
v 7 ’ a4 . ’ 4 \ i ‘3 E ;é |

- cast vystelky a zlaz dutiny ustni

- sklovina zubu 1 ﬂ |
* -adenohypofyza -

Derivaty mezodermu

- svalova tkan pricne pruhovana kosterni a srdecni

- mocove a pohlavni ustroji (nefrony, folikularni bunky v ovariu, Sertoliho bunky ve
varleti, vystelka Casti vyvodnich cest pohlavnich)

- kura nadledviny
- vystelka télnich dutin (hrudni, bfisni, perikardoveé)



Derivaty mezenchymu

* = pojivové tkané (vazivo, chrupavka, kost)

+ - hladka svalova tkan
* - krevni a lymfaticke cévy
* -slezina a lymfatické uzliny (lymfaticka tkan)

Derivaty entodermu

- travici trubice (vystelka a zlazy)

- dychaci systém (vystelka a Zlazy dychacich cest, vystelka
alveoll plicnich)

- vyvodni cesty mocove

- vystelka stredousni dutiny a Eustachovy trubice
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Embryonalni faze — 1. mésic

V prvém meésici roste zarodek nejrychleji. Po zahnizdeni se zaklada takzvana
embryonalni placenta (vcestné luzko - placenta praevia), hlavni vyzivhou
funkci ma zatim zloutkovy vak, ktery vylu€uje — progesteron a chorion-
gonadotropni hormon. Vytvareji zaklady travici, nervové a obehové soustavy,
srdce, jatra, ledviny, zaberni ryhy a zaklady lebky, nosu, oc€i, usi a ust.

Vznikaji zaklady koncetin.

Na prelomu prvého a druhého mésice je embryo dlouhé okolo 2,5 cm. Hlava
tvori asi jednu polovinu celkove delky tela. Zretelne se vyviji jazyk a zarodky
zubu.

Na horni koncetiné je vyvinut loket, prsty a palec, na dolni
koleno, kotnik a prsty, tedy struktura koncetin se zacina
diferencovat.

Embryo se pokryva kuzi, zietelné jsou i papilarni linie. Zacinaji se vyvijet
gonady (pohlavni zlazy), které produkuji nezralé pohlavni bunky.




Embryonalni faze — 2. mésic

Ve 2. mésici jiz mozek embrya koordinuje svymi impulsy funkci organovych
systémdu, srde¢ni ¢innost nabyva na pravidelnosti. V této dobé zarodek - plod vazi
asi30gameri7-8cm.

Hlava je stale velka, meéri asi jednu tretinu délky tela, celo je velmi vysoke.

Vyvijeji se vnejsi pohlavni organy a na konci druhého meésice zacinaji byt zretelné
rozdily mezi jedinci muzskeho a zenského pohlavi.

Klze se pocina diferencovat a zaCina byt dostatecné senzitivni, aby mohla
reagovat primérené na taktilni podnéty. Osmitydenni embryo reaguje pri doteku
otocenim trupu, hlavy a pohybem pazi vzad.

Na prelomu druhého a tretiho mésice se zacina vytvaret a fungovat fetalni
placenta, ktera nabyva piné funkcnosti az na pocatku ctvrtého meésice.

Koncetiny se dale strukturalne diferencuji, na konci
druhého mésice se objevuji prvni osifikacni centra na
lebce, obratlech a dlouhych kostech skeletu Jsou vyvinuty
zaklady nehtli na prstech ruky i nohy.




Prechodova faze — 3. a 4. mésic —prvni faze fetalni

Ve 3. mésici jsou organové systémy zc€asti funkcni

Vznika fetalni placenta

Zacina se postupne diferencovat kostra, objevuji se dalsi
osifikacni centra. Zebra a obratle jsou chrupavcita.

Fétus v amnionovem obalu se vznasi v plodové vodeé vnejsiho zarodecného
obalu chorionu. Cely systém pak vyrazne chrani plod pred otresy a narazy.

Ve 4. mésici rust téla dostihuje tempo rustu hlavy, ktera méri asi 1/4 télesné
delky. Fetus meri 15 az 25 cm, vazi asi 200 g

ry v v O

je jiz pIné funkEni a organy jsou piné zformovany, stejné jako krevni obéeh. Formuje se
fetalni a placentarni krevni obéh.

Zacinaji fungovat smyslové organy, nejprve zrak a potom i sluch. Plod je schopny
reagovat na zrakove i sluchové podnety.

Fetus se zacina intenzivne pohybovat.
Urychluje se vyvoj svalstva, zacCina osifikace kostry.




Fetalni obdobi - formovani plodu

V 5. mésici ma fétus ma hmotnost od 350 do 600 gramu a méfi okolo 30
cm a zacinaji se objevovat rysy jeho osobnosti.
— Objevuje se jasna faze spanek — bdéni a dité v déloze zaujima oblibenou pozici (,,lezi").

— Fetus se stava mnohem aktivnéjsi. Pokracuje osifikace a
vyvoj pohybove opérného aparatu. Vznikaji prvni
sekundarni osifikacni centra na dlouhych kostech, panvi a
obratlech

V 6. mésici se rychlost rustu fétu se mirné zpomaluje, fétus méfi nyni
asi 35 -40 cm a vazi asi 500 — 600 gramu.

— Dale pokracuje osifikace skeletu, rozvijeji se
sekundarni osifikacni centra na dlouhych kostech,
panvi a obratlech

— Znatelny vyvoj pohybove opérného aparatu, ruka je
schopna siloveho uchopeni vsemi prsty.




Fetalni obdobi - vyvoj plodu

V 7. mésici vazi do 2000 gramt, méfi pfes 40 cm a ma pIné vyvinuty reflexy.

Pokracuje osifikace patere, panve a velkych kosti
nohy, dale se rozviji pohybove opérny aparat.
Epidermis zacina rohovatét. Organy jsou funkcni

V 8. mésici je dlouhy aZ 50 cm a vazi do3000 gramul. Jeho pohyby jsou omezené.

Pokracuje osifikace lebky a panve, dokoncuje se
osifikace patere, a spolu s rozvoje vyvoje svalu a
nervoveho systému se dale se rozviji pohybove
opéerny aparat.

V' 9. mésici prestava fétus rast a vazi vice nez 3000 gram( a mé&Fi okolo 50 cm.
Placenta prestava plnit svoje funkce. Krevni obéh se pripravuje na prestavbu na
novorozenecky obeh. Po porodu se oddéluje obéeh okysliCené a odkyslicené krve.

V zasade se dokoncuje osifikace fetalniho skeletu
pred porodem, a to zejmeéna lebky, patere a panve




Intramembranous ossification

N\

Perichondral ———=

Endochondral ossification -

QOrigin — neural crest cells
Forms diploic bone
Predominantly cranial

QOrigin — mesenchymal
Forms cortical bone
Cranial and postcranial distribution

H

Qrigin — mesenchymal
Forms cancellous bone
Cranial and postcranial distribution

Figure 2.1 A summary of the basic modes of bone formation.




Plasma membrane

Calcium hyroxyapatite crystal
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membrane
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membrane of crystal and
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Time

Figure 2.3 De novo mineralization via matrix vesicles (after Sela et al., 1992).

Epitactic nucleation

Epiphyseal terminal plate

Epiphyseal vessels

GERMINAL ZONE
Chondrocytes

PROLIFERATIVE ZONE
Perichondrium

ZONE OF CARTILAGE

TRANSFORMATION Metaphyseal sinusoidal loop

Periosteum

| ZONE OF OSSIFICATION Endochondral bane

Osteoblast
Metaphyseal vessel
Periosteal bone

Diaphyseal vessels

Figure 2.6 A summary of the major features of a diaphyseal growth plate.
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Early cartilage
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Figure 2.5 The early stages of long bone diaphyseal ossification.
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Figure 2.7 A summary of the major features of an epiphyseal (spherical) growth plate.
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Figure 2.8 A summary of the main arterial supply to a developing long bone.




Intramembranous

Endochondral

Occipital

Temporal

Ossicles
Sphenoid

Parietal
Frontal
Nasal
Ethmoid
Inferior concha
Lacrimal
Vomer
Zygomatic
Maxilla
Palatine
Mandible

Squamous — interparietal
Squamous — supra occipital

Otic capsule [small part)
Squamous

Tympanic

Styloid process

Malleus, incus and stapes

Greater wing [major part]
Medial pterygoid

Lateral pterygoid
Hamulus

Conchae

Whole bone
Whole bone
Whole bone
Whole bone
Whole bone
Whole bone
Whole bone
Whole bone
Whole bone
Whole bone
Majority of bone

Partes laterales
Pars basilaris

Otic capsule [major part]

Greater wing [small part]
Body — pre and post
Lesser wing

Condyle and symphysis

n

Table 2.2 Type of initial bone formation in the postcranial primary centres of ossification

Perichondral Endochondral

Hyoid Greater and lesser horns  Body
Larynx Thyroid and cricoid
Vertebral column and Neural arches All centra, dens,

sacrum Anterior arch C1 Lateral masses of sacrum
Sternum Manubrium, sternebrae, xiphoid
Ribs Whole bone
Pectoral girdle Scapula, clavicle
Major long bones Diaphyses .
Hand Phalanges, metacarpals  Carpals, sesamoids |
Innominate [lium, ischium and pubis
Patella Whole bone
Foot Phalanges, metatarsals Tarsals, sesamoids




Table 2.3 Type of initial bone formation in the postcranial secondary centres (epiphyses) of ossification

Articular cancellous

Articular flake/smear

* Kloubni
spongiosa

 Kloubni
desticka a
dalsi kloubni
elementy

* Nekloubni
vazy/svaly

Non-articular lig./musc.

Vertebral column

and sacrum

Sternum

Ribs

Clavicle

Scapula

Humerus Proximal and distal

Radius Proximal and distal

Ulna Proximal [beak] and distal

Hand Metacarpals and
phalanges

Innominate

Femur Head, greater trochanter®
and distal

Tibia Proximal and distal

Fibula Proximal and distal

Foot Metatarsals and

phalanges

Costal processes
Auricular surface sacrum
Lateral margin sacrum

Sternoclavicular joint
Chondrosternal junction
Articular tubercle

Head

Medial and lateral

Subcoracoid
Glenoid

Acetabulum
Superior ossific
nodule (pubis]

Transverse processes
Spinous processes
Apex of axis

Non-articular tubercle

Angle and apex of
coracoid

Acromion, medial border
Inferior angle

Medial and lateral
epicondyles

Proximal and apex

Anterior inferior iliac
spine

Ischial spine, Iliac crest
Ischial tuberosity and
ramus

Lesser trochanter

Tibial tuberosity

Calcaneus




Molecular Regulation of Chondrocyte Differentiation

FgfR3
STAT1
o Bmp-4 *
rX-
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p107 RA
Dix-5 F—| Msx-2 p130 - v
1 Lp Notch |—| Delta
ATF-2 4 cyclin/Cdk P57(Kip2) Agg  cyclin/Cdk
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Fig. 2. Regulators of chondrocyte proliferation and maturation. Transcription factors (blue), cell cycle regulators (purple), cell surface
receptors (green), soluble mediators and growth factors (pink), and structural molecules (orange) have all been shown to affect
chondrocyte maturation. Sox9 and additional factors are needed to induce the chondrocyte phenotype initially. The effects of other
regulators are depicted as interpreted from phenotypes observed in in vivo overexpression or disruption paradigms. The receptors for
BMPs (Wozney and Rosen, 1998) signal through Smad proteins (Massague, 1998) at various stages of chondrocyte differentiation and
were not listed to reduce complexity of the graph.
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Figure 4 (A) Endochondral ossification involves replacement of a cartilaginous anlage
with bone. Initially the cartilage cells express the transcription factor Sox9 and produce an
ECM rich in Type II collagen. Subsequently, the chondrocytes become hypertrophic and
the surrounding perichondrium differentiates into periosteum. Both processes require the
expression of Chfal. Additionally, hypertrophic chondrocytes secrete Type X collagen and
promote calcification of the ECM. They simultaneously synthesize transcription factors
(VEGF and MMP?9) that promote the invasion of blood vessels, osteoblasts, and osteoclasts
from the periosteum. The hypertrophic chondrocytes apoptose, and the remaining ECM is
used as a scaffold for the deposition of bone. (B) The Thh/PTHrP feedback loop regulates
growth plate chondrocyte proliferation and differentiation (arrow heads indicate upregula-
tion, and bars indicate downregulation). As cells begin to hypertrophy they synthesize Thh,
which indirectly upregulates the expression of PTHrP in periarticular chondrocytes.
PTHrP diffuses to PTHrP receptors expressed in proliferating chondrocytes and restrains
their further differentiation into the hypertrophic phase. Therefore, Ihh and PTHrP consti-
tute a negative feedback loop that limits the rate of cell maturation and maintains a prolif-
erative pool of chondrocytes in the growth plate throughout ontogeny (Lanske et al. 1996,
Vortkamp et al. 1996). In addition, Ihh directly increases the mitotic rate of proliferating
chondrocytes, stimulates the differentiation of the perichondrium into periosteum, and pro-
motes bone deposition along the calcified cartilage scaffold by the invading metaphyseal
osteoblasts (Karp et al. 2000, St-Jacques et al. 1999).

Growth rate in the physis appears to be regulated by members of the BMP and
FGF families. BMPs increase the mitotic rate of proliferative chondrocytes via pathways
independent of Ihh. Also, by upregulating the expression of /hh and delaying chondrocyte
apoptosis, BMPs enlarge both the proliferative and hypertrophic regions, respectively
(Minina et al. 2001). FGFs regulate the same stages of chondrocyte development but have
opposite effects. Most important, these signaling factors have been shown to act in a dose-
dependent, antagonistic manner (Minina et al. 2002), which suggests that the cis-regulation
of these genes may be a key heritable mechanism for differential growth within and
between physes.
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Geny pro vyvoj koncetin a panve

h

Pitx 1 geny odpovidaji za iniciaci Ny

VyVOje pletence pénevniho Gen PART 2: GENE REGULATION IN DIFFERENT TISSUES
| pletenec byl identifikovan jiz
nékterych u ryb.

Klastr T-box genu, konkrétné se
jednaogeny Thx4 a Thx 5
determinuji vznik zakladu
pfednich a zadnich koncetin,

jejich identifikaci.

Pituitary Jaw

Figure 2

Figure 2 illustrates how Pitx1 transcription is regulated in different tissues. The center image is that of a stickleback embryo. The
drawings in the surrounding boxes show the Pitx7 gene region and activator proteins present in the jaw, pelvis, eye, or pituitary tissues.
While the diagram only shows one activator in one tissue, many activators are present in a particular tissue at any one time. For
simplicity, we are only showing one activator molecule present in a particular tissue. Activator molecules with specific shading can
bind to switches with the same shading.




Sonic Jezek (Hedgehog) (SHH) geny

SHH gen obsahuje instrukce pro syntézu proteinu Sonic Jezek, ktery funguje jako
chemicky signal nezbytny pro embryonalni vyvoj. Sonic Jezek hraje dulezitou roli v
rustu bunék, specializaci bunék a normalni tvarovani téla. Tento protein je dulezity
pro vyvoj mozku a michy, oci, koncetin a mnoha dalsich casti téla.

Sonic Jezek gen je nezbytny pro rozvoj pfednich casti mozku, tedy i pro fizeni pohybu koncetin.
Tento signalni protein pomaha vytvorit linii, ktera oddéluje pravou a levou stranu predniho mozku.
Konkrétné Sonic Jezek ovliviiuje formovani ventralni ¢asti predniho mozku. Sonic Jezek a dalsi
signalni proteiny jsou potfebné pro formovani pravé a levé poloviny (hemisféry) koncového mozku.

Sonic JeZek gen ma také duleZitou roli pfi formovani oci.
SHH gen je velmi vyznamny pro formovani koncetin
suchozemskych obratlovcu, ovliviiuje charakteristickou

stavbu kostry suchozemskych obratlovcu, tedy specificky
vyvoj kostry prednich a zadnich koncetin




Tuberculum sellag

Cut edge posterior root
of ala orbitalis
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Figure 4.6 The central stem of the chondrocranium (redrawn after Miller and O’'Rabhilly,

1980).
—— T o
|
Ala orbitalis Frontal
Medial pterygoid plate Nasal capsule
Dorsum sellae
Nasal septum
Parietal plate

Maxilla
Zygomatic

S Squamous tempaoral
i i n/
”wuﬁMW

Mandible
il tigisie,, I

Meckel's cartilage

Otic capsule Styloid process

Figure 4.8 The chondrocranium with membrane bones from the right side (redrawn after
Miller and O’Rabhilly, 1980).
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Figure 4.7 The chondrocranium from above (redrawn after Miller and O’Rabhilly, 1980).




Medial nasal fold

Frontonasal
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Nasal placode

Stomodeum
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Intermaxillary segment
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Nostril

Philtrum Mouth
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Nasal septum
Pharyngeal Palatal shelf
Palatal shelf 2"ty
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Nostril (naris)

Fused palatal
shelves
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(choana)

Figure 4.10 The formation of the palate: (a) 7 weeks; (b) 8 weeks; (c) 10 weeks. Left row —
looking into roof of the mouth; right row — coronal sections through nose and mouth.

Mandibular process

Metopic suture

Frontal
Anterior fontanelle
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Third fontanelle

Posterior fontanelle

Squamous occipital

Obr. 2-22 Vyvoj sekunddrniho patra, sagitdlni fez lebkou:

L. primitivni plaz: choany tsti v rostrdlni ¢dsti lebky, dfchaci a trdvici cesty jsou spojeny;

2. therapsidni plaz (vyvojovid linie sméfujici k savcim);

3.vznik sekunddrniho patra u vyvojové pokrocilych plazi

4. primdrni a sekunddrni patro savci, oddéleni dychacich a trdvicich cest v lebce.
Sipka ukazuje smér proudéni vdechovaného vzduchu

Parietal eminence

(podle Romera 1977

Anterior fontanelle

Parietal

Metopic suture

Frontal

Metopic fontanelle

Sphenoid fontanelle Temporal

Symphysis menti

Figure 4.11 Anterior view of fetal skull and mandible.
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Figure 4.13 Basal view of fetal skull and mandible.

na vyvoji lebky?




¢ L zaberni oblouk (velké kfidlo kosti klinové = alisphenoid = palatoquadratum)

L. Zaberni oblouk (kladivko = malleus = articulare)

I1. zaberni oblouk (jazylka = hyoideum - cst)
I1L zaberni oblouk (jazylka = hyeideum - &ist)

IV, Zaberni oblouk (chrupavka stitnd = thyreidea) pridusnice = trachea

V. Zaberni oblouk (chrupavka prsténditd = cricoidea)

Obr.2-20 Homologie Zabernich obloukil na lidské lebce. Cisla Zabernich oblouki jsou oznacena ¢islicemi I-V
(podle Kenta 2001)
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Figure 4.15 Intracranial view of the perinatal occipital.

B

Morphological summary

Prenatal

Spheno-occipital synchondrosis

||

icm

Wks 8—10 Ossification centres for supra-occipital, interparietal, pars
lateralis appear in that order

By mth 5 Supra-occipital and interparietal parts of squama fuse
centrally at the sutura mendosa

By mth 7 Pars basilaris develops lateral angle

By mth 8 Pars lateralis longer than pars basilaris
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Figure 4.17 The right perinatal pars lateralis.
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(B
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Differentiating = ¢ {urdeand niema’ acousiemeals Round window Semilunar ledge
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external ear . ducts) (b)
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Expanded

(© i F Figure 4.28 Ossification of the right pars petrosa: (a) midfetal life; (b) about 7 months

in utero; (c) late fetal life. Left row — medial side, anterior is to the left; right row — lateral
side, anterior is to the right.

Figure 4.27 Embryology of the ear: (a) 3 weeks; (b) 5-7 weeks; (c) 8th month.




Os temporale ossification

Morphological summary

Prenatal
Wks 3-25
Wks 6—16
Wks 78
Wk 9
Wks 9-15
Wk 12
Wk 16

Wks 16—17
Wk 18
Wk 19
Wk 30
Wk 35

Development of membranous labyrinth

Cartilaginous anlagen of ossicles developing

Ossification centres for pars squama and goniale appear
First ossification centre for pars tympani appears
Development of cartilaginous otic capsule

Centres for tympanic ring joined together

First ossification centre for otic capsule appears; ossification centre for
incus appears

Ossification centre for malleus appears

Ossification centrel(s) for stapes appeari(s)

Goniale fuses to malleus

Tympanic cavity complete except for lateral wall
Epitympanum complete

Pneumatization of petromastoid starts

Posterior segment of ring fuses to squamous part



Anterior

Anterior
- Fissure

Hypophyseal fossa

Alar process

(b)

For presphenoid

Alar process

Fissure
(c)

Superior root

Lateral tip

Inferior root

(d)

Superior root Lesser wing

Presphenoid
Inferior root

in inferior root
Tuberculum sellae

Lingula

(——

(e) 1cm

Hypophyseal fossa

Figure 4.33 The fetal and perinatal sphenoid: (a) presphenoid, superior; (b) postsphenoid
superior; (c) postsphenoid, inferior; (d) right lesser wing; (e) lesser wings fused to body.

(a) ‘ Artticular surface for lesser wing

Temporary foramen

END 1st YEAR

Figure 4.34 Fusion of sphenoid. Centre column usual order of fusion; right and left col-
umns are possible variations.

PRE Presphenoid part of body LW Lesser wing

POST Postsphenoid part of body GW Greater wing




Os sphenoidale

Osifikace kosti klinové je dost komplikovana, protoze dost nezavisle osifikuji kridla a telo

Morphological summary

Prenatal
Wks 9—10

Wks 12—-14
Early mth 3
Wk 13
Mths 4—6
Mth 5

By mth 8

Medial pterygoid plate and lateral part of greater wing commences
ossification

Centres for postsphenoid part of body appear; centres for lesser wings
appear

Lateral pterygoid plate commences ossification; centre for hamulus
appears

Centre for medial part of greater wing appears

First ossification centres for sphenoidal conchae appear

Ossification centre for lingula appears

Lesser wings usually fused to body

Pterygoid plates fused to greater wings

Pre- and postsphenoid parts of body usually fused together



Edge of anterior fontanelle

Frontal eminence
Lateral

Metopic fontanelle

Transverse striations ‘ "

Orbital plate .
—— ‘ Morphological summary

(a) ANTERIOR
Prenatal

Wks 67 Primary centre of ossification appears
Wks 10—13 Zygomatic process and medial angular processes start ossifying

Zygomatic articular surface
By mth 5 Anteroposterior longer than mediolateral length

Supr:

Orbital plate

I

1cm
(b) INFEROLATERAL

Figure 4.39 The right perinatal frontal.




Anterior lacrimal crest Frontal process

IntrEoibitaligronya Infraorbital foramen

Articulation for
zygomatic

Anterior nasal spine |

Molar crypt .

(a) LATERAL

Frontal process Nasolacrimal duct

Anterior nasal spine - o
P Rudimentary air sin

Morphological summary
Septum between

central incisors Prenatal

» \ T —— Wk 6 Ossification centrel(s) appear(s)
IRSebe : By wk 8 Body and four processes identifiable
(b) MEDIAL Wks 10-12  Maxillary sinus starts to develop
Wk 11 Formation of crypts for deciduous dentition
Wks 14—16 Deciduous tooth germs start to form
Wks 17—18  All deciduous crypts completed ’

Crypts for (i' & i%)

(c) crypt
Incisive fissure E

(m') crypt

(m?) crypt
Palatine process

Zygomatic process
(M") crypt open
(c) PALATAL

Figure 4.50 The right perinatal maxilla.



_ b

Condylar process

Incisive fossa

Obtuse angle

Mental foramen

lan
”

(a) LATERAL
Crypt for M,
Head
Symphyseal
surface Lingula .
Mandibular foramen Morphological summary
Mental spine Mylohyoid line Prenatal
(b) MEDIAL Wk 6 Ossification centre develops lateral to Meckel's cartilage
Wk 7 Coronoid process differentiating
Wk 8 Coronoid fuses with main mass
About wk 10 Condylar and coronoid processes recognizable
Triangular (c) crypt Anterior part of Meckel's cartilage starting to ossify

[| Wks 12—14 Secondary cartilages for condyle, coronoid and symphysis appear

Crypts for (i; and i)
Wks 14—16 Deciduous tooth germs start to form

(my) crypt . ; ) . _
Birth Mandible consists of separate right and Lleft halves
Interdental septum » . ’ "
Crypt for (m, and M .
Mandibular canal rypt for (m, 1) .
-
Lingula
| I
1cm

Head of condyle
(c) ALVEOLAR

Figure 4.53 The right perinatal hemi-mandible.




Spinal Column

- HOX geny fidici vznik misnich segmentu

b —— -1

e

Osifikace a dozravani patere jsou klicové
pro prenatalni i postnatalni vyvoj organismu.
Proto je vyvoj celého systému,

michy, patere, svalli a meziobratlovych disk,
Fizen slozitym systémem HOX geni

a dalSich strukturalnich gend.

Fig. 6. Relationship between Hox gene expression and spinal cord domains. From Nolte and
Krumlauf, 2006.
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Figure 6.2 Diagrammatic representation of the embryonic migration of the cells of the C1 F=—= c1 Dbone
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Figure 6.3 Diagrammatic representation of the embryonic recombination of the scler-
otome. } Embryonic differentiation of the upper regions of the vertebral column

after Larsen, 1993).



Chondrification centre
for neural arch

Vertebral canal

e

Chondrification centre

Notochord remnant
for costal process

Chondrification centres
for centrum

(a) Blastemal stage with chondrification centres — approx. 6 prenatal weeks

Ossification centre
for neural arch

Ossification centre
for centrum

Ossification centre
for costal process

Position of notochord

Sclerotome Vertebrae

(b) Cartilaginous stage with primary centres of ossification — approx. 11-12 prenatal weeks
&
Intervertebral
disc
|~
Somites < | Growth cartilage Cartilage
Send Annulus l
fibrosus Periosteal bone | L
T Nucleus Ossification centre -
___|::____ — pulposus for neural arch ‘
| B /
i : /
| Neurocentral junction Ossification centre

Notochord /—+f

.6 The embryological fate of the notochord (redrawn after Larsen

for centrum

Perichondrium

(c) Ossification centres at approx. 13-14 prenatal weeks
(redrawn after Chandraraj and Briggs, 1991)

Figure 6.5 The development of the vertebral anlage: (a) blastemal stage — approximately

6 prenatal weeks; (b) cartilaginous stage — approximately 11-12 prenatal weeks; (c)
ossification — approximately 13-14 prenatal weeks (redrawn after Chandraraj and
Briggs, 1991).



APPEARANCE FUSION

Centrum Neural arch Posterior arch Neurocentral
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Figure 6.7 General pattern for the appearance and fusion of the primary centres of ossi-
fication in the presacral vertebrae.




A mths 6-8 (prenatal)

A mth 3 (prenatal)

A mths 6-8 (prenatal)

A mth 4 (prenatal)

A mth 5 (prenatal)

A mth 5 (prenatal)
Avyr1

A yrs 3-6

A approx. yr 10

A puberty

A mth 4 (prenatal)
A mth 3 (prenatal)

A mths 6-8 (prenatal)

Figure 6.20 The times of appearance (A) and fusion (F) of the primary ossification
centres of the sacrum and coccyx.




Columna vertebralis

Morphological summary

Prenatal

Mth 2 Ossification centres appear for lateral masses of C1 and neural arches
of C2—-T2

Mth 3 Ossification centres appear for centra of C4—52; neural arches of
T3—-L2; costal elements [ribs) in thoracic region

Mth 4 Ossification centres appear for centra of C2—3 and S3—4; neural arches
of L3—S53; paired centres for odontoid process. All primary ossification
centres for the presacral vertebrae are present by this age (except
anterior arch of C1]

Mth 5 Ossification centres appear for centrum of S5 and neural arches of
S4—5

Mth 6 Ossification centres appear for costal process of C7 and for lateral
elements of 51-3

Mth 7 Intradental fusion

Mth 8 Ossification centres for Col and cornua may appear



il

A & F puberty

A mth 5 (prenatal)

A mths 5-6 (prenatal)

F yrs 15-20

A mths 7-8 (prenatal)

Fyrs 11-16

A mths 7-8 (prenatal)

F yrs 4-10

Ayri
-
' 0 A puberty F by yr 25 F yrs 40+
s ) Ayrs 3-6
-

Figure 7.5 Times of appearance (A) and fusion (F) of the primaryv ossification centres of

the stemum. Morphological summary (Fig. 7.13]

Prenatal

Wks 8—9 Ossification centres appear for ribs 57
Wks 11-12  Ossification centres present in all ribs



Clavicle

Suprasternal

masses TS

Presternal s e Sternal
mass e NG T e ANIAGE

Costal
margin
Mesenchymal bars

(lateral sternal plates)

(a) 6 prenatal weeks (b) 8-9 prenatal weeks

Figure 7.2 A diagrammatic representation of the embryological development of the ster-
num (redrawn after Larsen, 1993).




Medial epiphysis

A yrs 18-20
Fyrs 18-20

A wks 5-6 (prenatal)

Figure 8.2 Appearance (A) and fusion (F) times of the clavicular ossification centres.

v /A T

S Morphological summary [Fig. 8.2

Prenatal -
Wks 5-6 Primary ossification centres appear
Wk 7 Two centres fuse to form a single mass

Wks 8-9 Clavicle becomes 'S’ shaped
Wk 11 Clavicle adopts adult morphology




Ayri Ayrs8-10 (b)
F approx yr 20

F approx yr 20

F approx yr 20
A approx yr 14

F yrs 16-17.

Fyrs 19-23
~—

Fyrs 17-18

Ayrs 14-15
Avyrs 14-15
A wks 7-8
renatal
Fyrs 17-18 P )
A yrs 15-17 A wks 7-8 (prenatal)
F yrs 19-23
Articular site on F Yrs 19‘23
fspinous process
Glenoid A yrs 15-17 AYTB 15-17

fossa

Figure 8.15 The principal primary centre of ossification of the scapula appears during
weeks 7-8 of prenatal life and that for the coracoid process during the first year of life.
sietor | Appearance (A) and fusion (F) of secondary centres — (a) dorsal; (b) lateral.

coracoid

border

Articular site
on spinous

Stetor Superior Fateral 5 -
Wl Morphological summary (Fig. 8.15)

Prenatal
Wks 7-8 Primary ossification centre appears
Wks 12—14  Main body of the scapula has adopted close to adult morphology

Articular site

process

Glenoid

(c) LATERAL
fossa

Medial
border

(b) VENTRAL

Figure 8.7 The right perinatal scapula.



Figure 9.4 (a) Stage 17; (b) Stage 19; (c) Stage 23 embryos to show rotation of the
developing limbs (redrawn after O’Rahilly and Gardner, 1975).




Ayrs 1-2
A mths 2-6 ¢ F yrs 2-6
A yrs 4-5

F yrs 13-17 (female)
yrs 16-20 (male)

F yrs 13-15 (female)
yrs 12-17 (male)

Ayrs 10-12 A yrs 4-6
Fyrs12-14 < Ayrs 1-2
Ayrs 8-9 F yrs 11-15 (female)

yrs 12-17 (male)

Figure 9.8 The primary ossification centre of the humerus appears during week 7 of ' :
prenatal life. Appearance (A) and fusion (F) of secondary centres: (a) proximal end; 4 .
*“ (b) distal end. m A

5. 7 IS 3 » IS

Morphological summary (Fig. 9.8)

Prenatal
Wk 7 Primary ossification centre appears
Wks 36—40 Secondary ossification centre for the head may be visible




Ayrs 4.5-6

F yrs 11.5-13 (female)
yrs 14-17  (male)

F yrs 14-17 (female)
yrs 16-20 (male)

A & F puberty (occasional)

Ayrs1-2

Figure 9.14 The primary ossification centre of the radius appears during week 7 of pre-
natal life. Appearance (A) and fusion (F) of secondary centres — (a) distal end; (b) proximal
end.

(a) (b)

i

T ——— Ayrs 8-10

F yrs 12-14 (female)
yrs 13-16 (male)

F yrs 15-17 (female)
yrs 17-20 (male) |
Ayrs 55-7 ’
. . .
‘. L
. :
*
Figure 9.19 The primary ossification centre of the ulna appears during week 7 of prenatal ~

life. Appearance (A) and fusion (F) of secondary centres — (a) distal end; (b) proximal end.

Morphological summary [Fig. 9.19)

Prenatal

Wk 8 Primary ossification centre appears




33 days 37 days

Hand plate Crescentic flange  Digital rays Interdigital notches

47 days 52 days 56 days

Palmar swellings

Figure 9.20 The development of the upper limb between 5 and 8 prenatal weeks (redrawn
after Larsen, 1993).




Distal phalanges A wks 7-9 (prenatal)
Distal phalanges F yrs 13-14 (female)

Distal phalanges A yrs 2-3

Metacarpals 2-5 A yrs 2-3

Middle phalanges A wks 10-12 (prenatal)

15-16 (male)
Middle phalanges F yrs 14-15 (female)

15-16 (male)
Middle phalanges A yrs 2-3

Proximal phalanges A wks 9-11 (prenatal)
Proximal phalanges F yrs 14-15 (female)

15-16 (male)
Proximal phalanges A yrs 1-2

Metacarpal 1 A wks 8-10 (prenatal)

F yrs 14-16
Metacarpals 2-5 F yrs 14-15 (female) Avyrs 2-3 ‘
15-16 (male) Ayrs 4-5
Metacarpals 2-5 A wks 8-10 (prenatal) Ayrs 5-6
Ayrs 10-12 A mths 2-4
Ayrs 8-10 Avyrs 5-6 :
A mths 3-5 Ayrs1-2 ' : .
Ayrs 1-2 L F yrs 14-17 (female) 16-20 (male) .
Ayrs 3-4 m A
Ayrs 5-7 i
F yrs 15-17 (female) 17-20 (male)
Figure 9.32 Appearance (A) and fusion (F) times of the ossification centres of the hand.

Prenatal
Wks 7-9
Wks 8—10
Wks 9—11
Wks 10-12

Morphological summary (Fig. 9.32)

Primary ossification centres appear for distal phalanges
Primary ossification centres appear for metacarpals
Primary ossification centres appear for proximal phalanges
Primary ossification centres appear for middle phalanges




lliac centre
(8 months
prenatal)

Fyrs 17-20
F yrs 17-23 Ayrs 12-15
Position of
Position of femoral nerve A yrs 12-15
sciatic nerve
) Pubic centre
Ischial centre (5-6 months F yrs 16-20
(4-5 months prenatal)
prenatal) A mth 3 (prenatal) Avyrs 10-13
Position of
obturator nerve

yrs 11-15 (female)
yrs 14-17 (male)
Figure 10.2 The position of the primary centres of ossification (and indeed chondrification)

and the principal nerves of the lower limb in relation to the right innominate. A mths 4-5 (prenatal) A mths 5-6 (prenatal)
A yrs 23-27
Ayrs 13-16 Fyrs 27+
. F yrs 5-8

Fyrs 16-18 F yrs 19-20

Appearance (A) and fusion (F) times of the innominate ossification centres

Morphological summary (Fig. 10.22)]

Prenatal
Mths 2—-3 Ilium commences ossification

Mths 4—5 Ischium commences ossification and ilium is recognizable
Mths 5-6 Pubis commences ossification
Mths 6—8 Ischium is recognizable in isolation




PART 2: GENE REGULATION IN DIFFERENT TISSUES

Piitary  Jaw
switch  switch

Obr.2-12 Kostra panevniho pdsma kostnatych ryb: kapr obecny (Cyprinus carpio):
1 - kosti panevniho pasma chondrdlniho piivodu, které jsou homologické panevnim kostem
tetrapod (ilium, ischii a pubis), 2 - paprsky bti$nich ploutvi, 3 - symfyza parovych kosti

Jaw
switch switch O switch switch

Figure 2

Figure 2 illustrates how Pitx1 transcription is regulated in different tissues. The center image is that of a stickleback embryo. The
drawings in the surrounding boxes show the Pitx1 gene region and activator proteins present in the jaw, pelvis, eye, or pituitary tissues.
While the diagram only shows one activator in one tissue, many activators are present in a particular tissue at any one time. For
simplicity, we are only showing one activator molecule present in a particular tissue. Activator molecules with specific shading can
bind to switches with the same shading.




Cartilaginous Cortical bone
epiphysis of neck

Ossification
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head
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Figure 11.3 The development of the proximal end of the femur. (a) At birth; (b) 3—4 years.

Nutrient forame

Linea aspera

(b) F yrs 12-16 (female)

yrs 14-19 (male)

Flattened

Lateral
A yrs 2-5 lower shaft

supracondylar
line

F yrs 14-18 (female)
yrs 16-20 (male)

F yrs 14-16 (female)
yrs 16-18 (male)

2

; (a) ANTERIOR (b) POSTERIOR

A wks 36-40 (prenatal) Anterior

hollow

Lesser ) Posterior Capital  Central depression
trochanteric o surface
surface

; Oval medial
A yrs 3-6 Medial
2 surface
-~ Greater ; Circular
gsgziztenc lateral surface Flat posterior border
(I
(c) PROXIMAL (d) DISTAL 1cm
Figure 11.9 The primary ossification centre of the femur appears during weeks 7-8 of Figure 11.2 The right perinatal femur.

prenatal life and the centre for the patella in years 36 of postnatal life. Appearance (A} and
fusion (F) times of the secondary centres of the femur — (a) proximal end; (b) distal end.

Morphological summary (Fig. 11.9)

Prenatal
Wk 7-8 Primary ossification centre appears in shaft
Wks 36—40 Secondary centre for distal epiphysis appears



A 36 wks (prenatal) —
2 mths (postnatal)

F yrs 12-14
F yrs 13-17 (female)

yrs 15-19 (male)
A yrs 8-12 (female) F yrs 14-18 (female)
yrs 9-14 (male) yrs 16-20 (male)

A mths 3-10 o

{) Figure 11.15 The primary ossification centre of the tibia appears during week 7 of prenatal
e life. Appearance (A) and fusion (F) of the secondary centres — (a) proximal end; (b) distal
end.

Morphological summary (Fig. 11.15)

Prenatal
Wks 78 Primary ossification centre appears in the shaft
Wks 36—40 Secondary centre for proximal epiphysis appears




A yrs 3-4 (female)
yrs 4-5 (male)

F yrs 12-17 (female)
yrs 15-20 (male)

F yrs 12-15 (female)
yrs 15-18 (male)

bR e

A mths 9-22

Figure 11.20 The primary ossification centre of the fibula appears during week 8 of pre-
natal life. Appearance (A) and fusion (F) of the secondary centres — (a) distal end; (b) )
proximal end.

Morphological summary [Fig. 11.20]

Primary ossification centre appears in the shaft




Middle phalanges A wks 16-20 (prenatal) Distal phalanges A wks 9-12 (prenatal)

Distal phalanges F yrs 11-13 (female)
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14-16 (male)
Middle phalanges F yrs 11-13 (female) Distal phalanges A yrs 2-3 (female)
14-16 (male) 4-5 (male)

Middle phalanges A yrs 1-2 Proximal phalanges A wks 14-16 (prenatal
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Proximal phalanges A yrs 1-2
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Figure 11.41 Appearance (A) and fusion (F) times of the ossification centres of the foot.

Morphological summary [Fig. 11.41)

Figure 11.21 The development of the lower limb between 5 and 8 prenatal weeks

Prenatal (redrawn after Larsen, 1993).
8-10 wks Primary ossification centres appear for metatarsals 2—5

9-12 wks Primary ossification centres appear for distal phalanges

12 wks Primary ossification centre appears for metatarsal 1

14—16 wks  Primary ossification centres appear for proximal phalanges
16—20 wks  Primary ossification centres appear for middle phalanges
9—6 mths Ossification centre appears for calcaneus

6—7 mths Ossification centre appears for talus




