Doc. Vaclav Vancata
Antropologicky ustav PrF MU




Ontogeneze Clovéka

Proces kvalitativniho i kvantitativniho vyvoje organismu v Case,
ktery zahrnuje jak zmény biologické (vyvoj organu i organismu
jako celku), tak zmeény psychické.

Proces kvalitativnich zmen je obvykle oznacovan jako vyvoj,
Proces kvantitativnich zmén jako rist.

Oba procesy jsou velmi Uzce spojeny a nelze je chapat oddelene.
V urcitych castech ontogeneze vyrazne prevladaji kvalitativni
zmeny, v jinych zmeény kvantitativni.

Ontogenezi délime na prenatalni, perinatalni a postnatalni

Prenatalni ontogeneze se rozlisuje na germinalni (germinacni),
embryonalni a fetalni.

Perintalni — predporodni faze, vlastni porod a novorozenecka
Postnatalni je pak vyvojova (rustova), dospéla a starnuti
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Evoluce Home BOX genu

Hox geny a para-Hox
geny odpovidaji za
»predozadni* vyvoj
organismu

NK geny za segmentaci
organismu

Pitx geny odpovidaiji
mimo jiné za vyvoj panve
T-box geny determinuiji
vznik zakladl prednich a
zadnich koncetin, jejich
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FIGURE 3| Hypothetical role of Hox, ParaHox, and NK homeobox
] gene clusters in patterning of neural, gut, and mesodermal tissues in an
ProtoANTP early bilaterian animal. Anterior to the left.

identifikaci.

FIGURE 2 | Possible evolutionary history of the ANTP class homeobox genes, involving extensive tandem duplication to generate NK genes (red)
and later ProtoHox genes (blue). Duplication of a hypothetical ProtoHox gene cluster (shown here as two genes, though the precise number is
unresolved) gave distinct Hox and ParaHox gene clusters (blue and green, respectively).
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Diferenciace zarodecnych vrstev
Zarodecny tercik a vyvoj prvosegmentt,
primitivni prouzek, primitivni brazda a
primitivni uzel
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Figure 3.1 The bilaminar disc at the end of week 2.
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Figure 3.4 The position of the neural plate.
Figure 3.3 The trilaminar disc — stage 8 (3rd week).



Diferenciace zarodecnych vrstev
prvotni formovani embrya
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Figure 3.5 Neurulation — stages 9-11 (4th week).
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Figure 3.6 Embryo showing neuropores and somites — stage 10-11 (4th week).
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Figure 3.7 Divisions of the mesoderm.



Derivaty ektodermu

- neuroektoderm (nervovy systém, sitnice, ¢ichové bunky, derivaty crista neuralis)
- epidermis a adnexa kozni (Zlazy potni, mazové, mlécna, vlas, nehet)

- vnitfni ucho (vystelka blanitého labyrintu)

- CoCka ocni, epitel rohovky

- Cast vystelky a zlaz dutiny ustni

- sklovina zubu

- adenohypofyza

- neuralni lista - splanchnocranium, ¢ast neurocrania, odontoblasty

Derivaty mezodermu
- svalova tkan pricne pruhovana kosterni a srdecni

« - mocoveé a pohlavni ustroji (nefrony, folikularni bunky v ovariu, Sertoliho bunky
ve varleti, vystelka ¢asti vyvodnich cest pohlavnich)

o - kura nadledviny
 -vystelka télnich dutin (hrudni, bfiSni, perikardové)



Derivaty entodermu

o - travici trubice (vystelka a zlazy)

- dychaci systém (vystelka a Zlazy dych. cest, vystelka alveolu
plicnich)

- vyvodni cesty moCove

- vystelka stredousni dutiny a Eustachovy trubice
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- epitelove retikulum brzliku

Derivaty mezenchymu

* - pojivove tkane (vazivo, chrupavka, kost)

* -hladka svalova tkan

* -krevni a lymfatické cévy

* -slezina a lymfatické uzliny (lymfaticka tkan)
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Embryonalni faze — 1. mésic

V prvém mesici roste zarodek nejrychleji. Méri zhruba od 0,5 do 1,5 cm. Po
zahnizdéni se zaklada takzvana embryonalni placenta (vcestné ltzko -
placenta praevia), hlavni vyzivnou funkci ma zatim ale zloutkovy vak, ktery
takeé vylucuje hormony — progesteron a choriongonadotropni hormon
(chorionovy gonadotropin).

Postupné se vytvareji zaklady travici, nervove soustavy, srdce, jatra, ledviny,
zaberni ryhy a zaklady lebky, nosu, o€i, usi a ust. Zakladaji se artérie, vény a
srdce bije zhruba 65 krat za minutu. Vznikaji zaklady koncetin.

Na prelomu prvého a druhého meésice je embryo dlouhé okolo 2,5 cm a vazi
priblizneé 2 gramy. Hlava tvori asi jednu polovinu celkové delky téla. Zretelne
se vyviji jazyk a zarodky zubu. Na horni koncetiné je vyvinut loket, prsty a
palec, na dolni koleno, kotnik a prsty. Embryo se pokryva kuzi, zietelné jsou
| papilarni linie.

Zacinaji se vyvijet gonady (pohlavni zlazy), které produkuji nezralé pohlavni
bunky (ve tretim meésici vajecniky obsahuiji v té dobe asi jeden milion
nezralych vaji¢ek, varlata pak mnohem vétsi pocet prvotnich spermii).




Embryonalni faze — 2. mésic

Ve 2. mésici jiz mozek embrya koordinuje svymi impulsy funkci organovych
systému, srde¢ni ¢innost nabyva na pravidelnosti.

Vyvijeji se vne15| pohlavni organy a na konci druhého mesice zacinaji byt zretelné
rozdlly mezi jedmm muzského a zenského pohlavi. Zaludek produkUJe travici

st'avy, jatra zacinaji produkovat krevni bunky. Ledviny zacinaji odstranovat z téla
kyselinu mocovou.

Klze se pocina diferencovat a zacina byt dostatecné senzitivni, aby mohla
reagovat primérené na taktilni podnety. Osmi tydenni embryo reaguje pfi doteku
otocenim trupu, hlavy a pohybem pazi vzad.

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

V této fazi prenatalniho vyvoje, tedy na prelomu druhého a tretiho mésice
prenatalniho vyvoje, jiz hovorime o fétu neboli plodu.

V této dobeé zarodek - plod vazi asi 30 g a méfi 7 - 8 cm. Jsou vyvinuty zaklady
nehtl na prstech ruky i nohy, uzaviena ocni vicka, hlasivky, rty a prominujici nos.
Hlava je stale velka, méfi asi jednu tretinu délky téla, ¢elo je velmi vysokeé. Vnéjsi
pohlavni organy jsou jasné zretelné a pohlavi snadno rozlisitelné. Kon¢i zakladni
faze organogeneze.




Prechodova faze — 3. meésic

Ve 3. meésici jsou jiz organove systemy funkcéni a zarodek se nazyva
fétus. V teto fazi jiz fétus dycha a ,,vdechuje” amnionovou tekutinu do
plic a z plic. Ob¢asné moci a mo¢€ se stava soucasti amnionové vody,
kterou plod také polyka.

Zacina se postupné diferencovat kostra. Zebra a obratle jsou
chrupavcita. Ve vnitrnich pohlavnich organech vznikaji primitivni
pohlavni bunky, vajicka nebo spermie.

Fétus vytvari radu specializovanych odpovédi, muze hybat dolnimi i
hornimi koncetinami, hlavou, otevirat a zavirat usta a polykat.
Dotkneme-li se vicek, pohnou se, dotek dlané zptisobi ¢astecné ohnuti
prstu, rty se pfi doteku formuiji k sani, pfi doteku chodidla se prsty na
noze roztahnou. Toto reflexni chovani se projevi pri porodu a mizi
meésic po narozeni.

Fétus se nachazi ve vnitrnim obalu amnionu v amnionove tekutine.
Fétus v amnionovém obalu se vznasi v plodové vodé vnéjsiho
zarodecného obalu chorionu. Cely systém pak vyrazné chrani plod
pred otresy a narazy.




Prechodova faze — 4. meésic

Ve 4. mésici rust téla dostihuje tempo rustu hlavy, ktera meéri asi 1/4
telesnée délky - stejny pomer jako pri narozeni. Fétus meri 15 az 25
cm, vazi asi 200 g.

pokracovat. Placenta je jiz plné funkcni a organy jsou plné
zformovany, stejne jako krevni obeh. Formuje se fetalni a
placentarni krevni obéh.

Fétus se zacina intenzivné pohybovat, , kope" matku, tento moment
byva oznacovan jako ,,quickening” — zrozeni zivota, reflexni
aktivity, které se objevuji v prubéhu tretiho mésice jsou nyni
vyrazné. Urychluje se vyvoj svalstva, zacCina osifikace kostry.
Zacinaji fungovat smyslové organy, nejprve zrak a potom i sluch.
Plod je schopny reagovat na zrakove i sluchové podnéty. Pediatri

tvrdi, ze je jiz mozna reakce na hlas matky, pripadné i hlas otce a
hudbu.




Fetalni obdobi — formovani plodu

« V5. 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 — bdeéni a dite v deloze zaujima oblibenou pozici
(,lezi"). Fétus se stava mnohem aktivnéjsi — kope, natahuje se, krouti se a
dokonce skyta. Je zretelné slySet tep srdce. Potni a mazové zlazy jsou funkcni.

— Respiracni systém je jeste nedostatecneé vyvinut pri predéasném porodu dité
neni schopno dychat a umira. Objevuji se rasy a oboci, télo se pokryva srst
pripominajici koznim derivatem, lanugem.

» V6. mésici se rychlost riistu fétu se mirné zpomaluje, fétus méri nyni
asi 35 — 40 cm a vazi asi 500 — 600 gramu.

— Kuze je prusvitna, cervenava. Objevuje se vrstva podkozniho tuku. Za¢ina mizet
lanugo, i kdyz délka existence lanuga je velmi individualni.

— OCci jsou kompletni, ocni vicka se zaviraji a otviraji a fétus se mize divat do
vsech stran. Pravidelné dychani je udrzovano po 24 hodin. Objevuje se plakani
a ruka je schopna silového uchopeni vsech prstu.

— Dychaci aparat je stale nedozraly, Sance na preziti pri predcasném porodu je
stale mala. Podobné ani kuize zatim nemuze pinit zcela svoji funkci, zejména
funkci protibakterialni bariéry a termoregulacni




Fetalni obdobi - vyvoj plodu

V 7. mésici vazi od 1200 do 2000 gramu, méfi pfes 40 cm a ma piné
vyvinuty reflexy. Place, dycha, polyka a muze si sat palec.

Varlata zacinaji sestupovat do triselného kanalu, velké stydke pysky se
zvetsuji. Lanugo bud zmizi, nebo mizi az kratce po porodu, vlasy mohou
pokraCovat v rustu.

Epidermis zacCina rohovatét. Organy jsou pIné funkcni, pri prislusné
lékarské péCi muze plod t€zSi nez 1300 — 1500 gramu pomérné dobre
prezit.

V 8. mésici je dlouhy 45 — 50 cm a vazi 2500 — 3000 gramu. Jeho pohyby
jsou omezené, protoze rychle prerusta velikost vnitfniho prostoru délohy.

Behem osmeho a devatého mesice se stava vrstva podkozniho tuku
souvislou, telo je schopné se adaptovat na zmeny teploty mimo delohu.

Varlata zacCinaji sestupovat do Sourku, velké stydkeé pysky jsou minimalnée
stejne velka jako male stydke pysky. Nehty jiz témer pokryvaji konce
prstu.




Konec vyvoje plodu — zacatek perinatalni faze

V 9. mésici, jeden az dva tydny pfed porodem, prestava fétus rust.
Vazi v této dobé jiz vice nez 3000 gramu a méfi okolo 50 cm. Placenta
prestava plnit svoje funkce, ,postupné se odpojuje”.

Vrstva podkozniho tuku se stale zvetSuje, organy pracuiji stale
vykonnéji, srdeCni tep se zvysuje, je vyluCovano vice exkrementl. Mizi
nacervenala barva kuze. Varlata jsou sestoupena v Sourku, velké
stydké pysky plne prekryvaji malé stydké pysky, nehty jsou pine
vyvinuty.

Krevni obeh se pripravuje na prestavbu, tj. zacCinaji se postupne
uzavirat tepenny a pozdeji i zilni ducej (propojeni, ktera umoznuji
smesovani okyslicené a odkyslicené krve). Prestavba fetalnino obehu
na novorozenecky se dokoncuje tésne po porodu. Timto se definitivne
oddeluje obeh okyslicené a odkyslicené krve.




Osifikace kosti - tkanovy puvod

Origin — neural crest cells
Dermal ——— | Forms diploic bone
Predominantly cranial

Intramembranous ossification

\ Origin — mesenchymal

Perichondral — | Forms cortical bone
Cranial and postcranial distribution

X

Origin — mesenchymal
Endochondral ossification = | Forms cancellous bone

Cranial and postcranial distribution

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




Mechanismy osifikace a rustu kosti

Plasma membrane
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Figure 2.3 De novo mineralization via matrix vesicles (after Sela et al., 1992).
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Figure 2.5 The early stages of long bone diaphyseal ossification.
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Figure 2.6 A summary of the major features of a diaphyseal growth plate.
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Figure 2.7 A summary of the major features of an epiphyseal (spherical) growth plate.




Cévni zasobeni pr1 rustu kosti

Peri-aricular arcade

----—"J"‘ Epiphyseal vessels

"r

Level of growth plate

Metaphyseal vessels

Ascending branches Periosteal bone

Nutrient artery

Cortical network
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Figure 2.8 A summary of the main arterial supply to a developing long bone.




Typy osifikace — kostra lebky

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

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
sacrum

Sternum

Ribs

Pectoral girdle
Major long bones
Hand
Innominate
Patella

Foot

Neural arches
Anterior arch C1

Whole bone

Scapula, clavicle

Diaphyses

Phalanges, metacarpals
[lium, ischium and pubis

Phalanges, metatarsals

All centra, dens,
Lateral masses of sacrum

Manubrium, sternebrae, xiphoid

Carpals, sesamoids

Whole bone
Tarsals, sesamoids




Zpusob osifikace — sekundarni centra

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

Kloubni

spongiosa

Kloubni

desticka a
dalsi kloubni

elementy

Nekloubni
vazy/svaly

Articular cancellous

Articular flake/smear

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




Molekularni mechanismy osifikace

Molecular Regulation of Chondrocyte Differentiation
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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.



Periosteum

Perichondrium Metaphyseal Bone

————— Cell differentiatior

Geneticka regulace
endochondralni
osifikace dlouhych
kosti

--------------- Cell mitosis
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Periarticular
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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). FGF's 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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Figure 3 Diagrammatic expression maps for 5" genes of the Hox A (top) and Hox D (bot-
tom) clusters during outgrowth of the forelimb. Isolated gene expression domains are
coded on the left (genes with no singular expression are left uncolored). Combinatorial
gene-expression domains are coded along the bottom. Each of three proposed phases of



Geny pro vyvoj pletence panevniho a zakladu koncetin

PART 2: GENE REGULATION IN DIFFERENT TISSUES
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Id e ntlfl kaCI ko n Cetl n . 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.
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Figure 4.6 The central stem of the chondrocranium (redrawn after Muller and O’Rahilly,

1980).
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Figure 4.8 The chondrocranium with membrane bones from the right side (redrawn after
Miller and O’Rabhilly, 1980).
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Rust a vyvoj kostry hlavy

Medial nasal fold
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Figure 4.9 The formation of the face: (a) 5 weeks; (b) 7-8 weeks; (c) 10 weeks.

Anterior fontanelle
Parietal

Metopic suture

; Frontal
Metopic fontanelle

Sphenoid fontanelle Temporal

Nasal

Zygomatic

Symphysis menti

icm

Spheno-occipital
synchondrosis

Squamous temporal

Petrous temporal Basi-occipital

Tympanic rin
ymp: 9 Occipital condyle

= Lateral occipital

Mastoid (posterolateral) ¥ Sutura mendosa
fontanelle

Squamous occipital

Parietal

Posterior fontanelle

Figure 4.13 Basal view of fetal skull and mandible.
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Rust a vyvoj palatum durum

Primary palate

Nasal septum
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Pharyngeal ' "\ Palatal shelf
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Primary palate
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Eye
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shelves

Mouth cavity
Uvula Posterior aperture
(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.

Obr. 2-22 Vyvoj sekunddrniho patra, sagitdlni fez lebkou:
1. primitivni plaz: choany tsti v rostralni ¢dsti lebky, dychaci a trdvici cesty jsou spojeny;
2. therapsidni plaz (vyvojovd linie sméfujici k savem);
3. vznik sekunddrniho patra u vyvojové pokrodilych plazi;
4. primdrni a sekunddrni patro savch, oddéleni dychacich a trdvicich cest v lebce.
Sipka ukazuje smér proudéni vdechovaného vzduchu (podle Romera 1977)




Homologie zabernich oblouku na lidské lebce

1. Zaberni oblouk (velké kiidlo kosti klinové = alisphenoid = palatoquadratum)

'.
“« =
Z

I. Zaberni oblouk (kladivko = malleus = articulare)

(;)' f " L »
.é.‘; -
) \,l { l-l ? g
[. zabernf oblouk (Zelistni) = mandibulare 11. zaberni oblouk (vybézek bodcovity = procesus styloideus) = hyoideum (Cast)

IV

Vv

— priadusnice = trachea
-

I1. zaberni oblouk (jazylka = hyoideum - cast)
I1L zaberni oblouk (jazylka = hyoideum - &ast)

IV. Zaberni oblouk (chrupavka titnd = thyroidea)

V. Zzaberni oblouk (chrupavka prsténditd = cricoidea)

Obr. 2-20 Homologie Zabernich obloukil na lidské lebce. Cisla Zabernich oblouk jsou oznadena ¢islicemi 1-V
(podle Kenta 2001)
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Figure 4.15 Intracranial view of the perinatal occipital.

Morphological summary

I—

icm

Prenatal

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



Os temporale
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Figure 4.17 The right perinatal pars lateralis.
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Figure 4.27 Embryology of the ear: (a) 3 weeks; (b) 5-7 weeks; (c) 8th month.
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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.




Os temporale ossification

Morphological summary

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

Wks 1617
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 centrels) 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



Os sphenoidale
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(a) > Articular surface for lesser wing
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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.

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

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



Os frontale
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Morphological summary

Orbital plate
(a) ANTERIOR
Prenatal
Wks 6—7 Primary centre of ossification appears
Zygomatic articular surface Wks 10-13  Zygomatic process and medial angular processes start ossifying
Supr: By mth 5 Anteroposterior longer than mediolateral length
Orbital plate
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'
J NJ\)-'
L |

(b) INFEROLATERAL
Figure 4.39 The right perinatal frontal.
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Figure 4.50 The right perinatal maxilla.

Maxilla

Morphological summary

Prenatal

Wk 6 Ossification centre(s) appeari(s]

By wk 8 Body and four processes identifiable

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
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Figure 4.53 The right perinatal hemi-mandible.

Mandibula

Morphological summary

Prenatal
Wk 6

Wk 7

Wk 8

About wk 10

Wks 12—14
Wks 14—-16

Birth

Ossification centre develops lateral to Meckel's cartilage
Coronoid process differentiating

Coronoid fuses with main mass

Condylar and coronoid processes recognizable

Anterior part of Meckel's cartilage starting to ossify

Secondary cartilages for condyle, coronoid and symphysis appear
Deciduous tooth germs start to form

Mandible consists of separate right and Lleft halves
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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
sclerotome.
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Figure 6.3 Diagrammatic representation of the embryonic recombination of the scler-

otome.
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.6 The embryological fate of the notochord (redrawn after Larsen,
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(a) Blastemal stage with chondrification centres — approx. 6 prenatal weeks
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(b) Cartilaginous stage with primary centres of ossification — approx. 11-12 prenatal weeks
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(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).



Columna vertebralis
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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.




Os sacrum

F yrs 2-6

F yrs 25+ A mths 6-8 (prenatal)
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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 & Ossification centres appear for costal process of C7 and for lateral
elements of S1-3

Mth 7 Intradental fusion

Mth 8 Ossification centres for Col and cornua may appear



Sternum

A & F puberty

A mth 5 (prenatal)

A& F puberty ——

A mths 5-6 (prenatal)

A & F puberty ———__ J== Fyrs 15-20
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A puberty F by yr 25 —— Fyrs 4-10
Ayri
A puberty F by yr 25 F yrs 40+
—  —— Ayrs 36

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

the sternum. Morphological summary [Fig. 7.13)

Prenatal
Wks 8—9 Ossification centres appear for ribs 5-7
Wks 11-12  Ossification centres present in all ribs
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Figure 7.2 A diagrammatic representation of the embryological development of the ster-
num (redrawn after Larsen, 1993).




Clavicula

Lateral epiphysis Medial epiphysis
F wk 7 (prenatal)

Ayrs 18-20 A yrs 13-14

Fyrs 18-20—
Tr yrs 16-30

A wks 5-6 (prenatal)

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

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
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Figure 8.7 The right perinatal scapula.
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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.
Appearance (A) and fusion (F) of secondary centres — (a) dorsal; (b) lateral.
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Prenatal
Wks 7—8
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Primary ossification centre appears

Morphological summary [Fig. 8.15]

Main body of the scapula has adopted close to adult morphology




Srovnani kostry horni
koncetiny nizsich obratlovcu

Obr. 2-14 Srovnadni pletence predni koncetiny:
A - lalokoploutvé ryby (Crossopteyrygii), B - primitivniho obojzivelnika (Amphibia),
1 - clavicula, 2 - cleithrum, 3 - scapula, 4 - humerus,
5 - ulna, 6 - radius, 7 - interclavicula; kranidlni smér je vlevo
(podle Gregoryho 1923 a Romera 1977)




Vyvoj koncCetin embrya

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).




Humerus

(b)

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

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

Ayrs 10-12
Fyrs 12-14 < Ayrs 1-2

A yrs 8-9

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

A yrs 4-6

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;
(b) distal end.

Morphological summary (Fig. 9.8)

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




Radius

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

Avyrs 1-2

A yrs 4.5-6

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

A & F puberty (occasional)

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.
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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



Vyvoj horni koncetiny - ruka

33 days 37 days 38 days 44 days

Hand plate Crescentic flange Digital rays Interdigital notches

47 days 52 days 56 days

Palmar swellings

56 days

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




Kostra
ruky

Distal phalanges A wks 7-9 (prenatal)

Distal phalanges F yrs 13-14 (female) Middle phalanges A wks 10-12 (prenatal)
15-16 (male)

Distal phalanges A yrs 2-3

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

Metacarpals 2-5 A yrs 2-3 Metacarpal 1 A wks 8-10 (prenatal)

Fyrs 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) A yrs 5-6
Ayrs 10-12 A mths 2-4
mths 3-5 > yrs 1-
Avyrs 1-2 '?'Q F yrs 14-17 (female) 16-20 (male)
Ayrs 3-4 A I
A yrs 5-7 [ / |

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

Figure 9.32 Appearance (A) and fusion (F) times of the ossification centres of the hand.

Morphological summary [Fig. 9.32)

Prenatal

Wks 7-9 Primary ossification centres appear for distal phalanges
Wks 8—10 Primary ossification centres appear for metacarpals

Wks 9—11 Primary ossification centres appear for proximal phalanges
Wks 10—12 Primary ossification centres appear for middle phalanges




Pelvis

lliac centre
(8 months
prenatal)
F yrs 17-20
F yrs 17-23 Ayrs 12-15
Position of
Position of femoral nerve Ayrs 12-15
sciatic nerve
Pubic centre
Ischial centre (5-6 months F yrs 16-20
(4-5 months prenatal)
prenatal) A mth 3 (prenatal) Ayrs 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 Eyrs 27+
F yrs 5-8
Fyrs 16-18 F yrs 19-20
M or p h o I 0 g , ca !- summa ry { Ff. g 1 U 2 2 } Appearance (A) and fusion (F) times of the innominate ossification centres
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



Panevni kosti a ,,koncetiny” ryby
Pitx 1 geny ovlivauji vznik ,,panve* uz u nékterych ryb
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Obr. 2-12 Kostra panevniho pdsma kostnatych ryb: kapr obecny (Cyprinus carpio):

1 - kosti panevniho pdsma chondrdlniho pilivodu, které jsou homologické panevnim kostem

tetrapodi (ilium, ischii a pubis), 2 - paprsky bfisnich ploutvi, 3 - symfyza parovych kosti
(orig.)



Geny pro vyvoj koncetin a panve

Pitx 1 geny odpovidaji vyvoj
dulezitych organu mimo jiné za
Iniciaci vyvoje pletence panve
panevniho. Byl identifikovan jiz u
nekterych ryb.

Klastr T-box genu, konkrétné se
jedna o geny Tbx 4 a Thx 5
determinuji vznik zakladu
prednich a zadnich koncetin,
jejich identifikaci.

Konkrétné Thx 4 gen fidi u
Cloveka vyvoj panve a dolni
konCetiny, Thx 5 idendifikaci
koncetin v ramci diferenciace
pficné pruhovanych svall z
mezodermu a zakladu kostry a
kloubt v mesenchymu.

PART 2: GENE REGULATION IN DIFFERENT TISSUES
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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.
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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
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Figure 11.2 The right perinatal femur.

Figure 11.9 The primary ossification centre of the femur appears during weeks 7-8 of

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



Tibila

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

_ J—Fyrs12-14

F yrs 13-17 (female)
yrs 15-19 (male)

A yrs 8-12 (female)
yrs 9-14 (male)

(b)

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

A mths 3-10

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

end.

Morphological summary (Fig. 11.15)

Prenatal
Wks 7—8
Wks 36—40

Primary ossification centre appears in the shaft
Secondary centre for proximal epiphysis appears
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___— Avyrs 3-4 (female)
yrs 4-5 (male)

\xx\“\x _—— F yrs 12-17 (female)
yrs 15-20 (male)

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

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]

Prenatal
Wk 8 Primary ossification centre appears in the shaft




Ontogeneze nohy
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Foot plate Digital plate Digital rays
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Interdigital Plantar
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Figure 11.21 The development of the lower limb between 5 and 8 prenatal weeks
(redrawn after Larsen, 1993).
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Figure 11.41 Appearance (A) and fusion (F) times of the ossification centres of the foot.
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Morphological summary [Fig. 11.41)

Prenatal

8—10 wks Primary ossification centres appear for metatarsals 2—5
2-12 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



