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DESENVOLVIMENTO DO SISTEMA
ESQUELETICO

- Notocorda e tubo neural
na 32 semana

- Mesoderma paraxial
origina colunas: os
somitos

- Somitos

- Ventromedial:
esclerétomo (vértebras e
costelas)

- Dorsolateral:
dermomiétomo
(mioblastos e derme)

26dias .../
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Mesoderme ... mesénquima

* Mesénquima: tecido conjuntivo embrionario

frouxo
— Ossificacdo intramembranosa (bainhas
membranosas)
— Ossificacdao endocondral
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Histogénese da Cartilagem

* Inicio da 52 semana
* O mesénquima se condensa para formar centros de

formacao de cartilagem
— Células mesenqguimais originam condroblastos

* Cartilagem hialina, elastica e fibrosa

[ Hyaline cartioge _|
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Histogénese do Osso

e QOsteoide
e Células

¢ A medula éssea
também é formada
pelo mesénquima
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Cartilage Model of Bone (approximately § weeks) '_] aitin . za"::: i .M-“

Histogénese do == —
OSSO: . Y \: ',: __:::::m
Ossificagao :

Endocondral

- Centro primario e
secundarios
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Histogénese do Osso

* A ossificacdo dos membros inicia no final do
periodo embriondrio (minerais maternos)

* No nascimento, as epifises sao cartilaginosas,
sO ossificam a partir do 12 ano de vida

 Cartilagem epifisaria = crescimento

OSTEOGENESE

1. Ossificacao Intramembranosa

2. Ossificacao Endocondral
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1. Ossificacdo Intramembranosa
Ossos do cranio

(D vesenchymal cells aggregate without a Mesenchyme
cartilage intermediate. This process is controlied
by patterning signals from polypeptides of the O Patterning
Wnt, hedgehog, fibroblast growth factor, and signals
transforming growth factor-f3 families.

Mesenchymal cells differentiate into J%

osteoblasts. A bone blastema is formed.
Osteocytes within the core of the blastema are
interconnected by cell processes forming a
functional syncytium. Osteoblasts line the
surface of the bone blastema.

B3 Bone matrix (osteoid) is deposited by

osteoblasts. Later, Ca2+, transported by blood

vessels, is used in the mineralization process

and primary bone tissue is formed.

tissue. SeiRea L gotie bore Blood vessel Mesenchymal Bonematrix  Osteoblast Osteoclast ~ Mineralization

cell (osteoid) — Blood vessels

1. Ossificacao Intramembranosa

The mesenchymal cells located near the periosteal

surface condense to form the periosteum The continued deposition of bone on trabecular

E n ) sur(aoes determines the occlusion of the
spaces, and pact bone is

formed.

In other areas, the thickening of the trabeculae
does not occur and the connective tissue in the
intertrabecular space differentiates into

Blood vessel hematopoietic tissue. The primary spongiosa
persists as cancellous bone.

i Monolayer of Intramembranous ossification

: osteoblasts

The frontal and parietal bones and part of the
occipital, temporal, mandible, and maxilla bones
develop by intramembranous ossification.

B Avel primitive
tissue.

Bone formation is not preceded by the
formation of a cartilage.
B3 Anaggregate of mesenchymal cells
differentiates directly into osteoi g

Blood vessel

O: organize thin of woven
bone, forming an irregular network called primary
spongiosa.

Acidophilic osteoid
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2. Ossificacao Endocondral
Ossos das extremidades, coluna e pélvis

Hyaline cartilage is Osteoprogenitor cells of
the template of a the perichondrium form
long bone. the periosteal collar.
a Primary center I T

Shaft

\ ‘ of ossification IV

o P

Proliferation of chondrocytes foIlowed by their hypertrophy at  Blood vessels, forming
the periosteal bud,

branch in opposite
directions.

ossification center. Hypertrophlc chondrocytes secrete
vascular endothelial cell growth factor to induce sprouting
e perichondrium
Then, calcification of the matrix and apoptosis of
hvpertrophic chondrocvtes occur.
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2. Ossificacao Endocondral

1 The metaphysis is the portion of the diaphysis nearest to the epiphyses. The epiphyseal 5 S
! cartilaginous growth plate between the metaphysis and the epiphysis will eventualy be [ Blood vesses from the diaphysis and

| replaced by bone. The bone at this site is particularly dense and s recognized as an epiphysis intercommunicate.

i epiphyseal line. Indian hedgehog (Ihh), a member of the hedgehog protein family, (3 Al the epiphyseal cartiage s replaced
¢ stimulates chondrocyte proiferaton n the growth pate and prevents chondrocyte hypertrophy. ¥ DONe, exceptfor the articular surface.

Secondary ossification Epiphyseal
center in one of the H growth plate

epiphyses

Epiphyseal
line

™ %\
L Epiphyseal ¥\

Periosteal
collar
extends

along the

diaphysis
B Blood vessels and B3 Asimilar secondary The epiphyseal plate has been replaced
mesenchyme infiltrate the epiphysis ossification center by an epiphyseal line. This process occurs
and a secondary ossification appears in the opposite gradually from puberty to maturity, and the
center is established. epiphysis. long bone can no longer grow in length.

2. Ossificacao Endocondral

Epiphyseal cartiage

Zona de cartilagem em e

cartilage i

repouso o) o o

. oo
Zona de cartilagem 1 o i
seriada (proliferagdo) == ©

. T e L
Zona de cartilagem z Py

) e e e

hipertrofica | 5 —

. - -

Zona de cartilagem i ' m““;‘:’

calcificada -

Zona de ossificagdo : e s
el
osteoprogenior cells

: with them.
© Vascular
"mubnm
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2. Ossificacao Endocondral

£l Proliferative zone
i i in colt The names of the zones reflect the
growth axis, Chondrocytes . Allthe within @ predominant activity. The limits.
cluster share a common territorial malrix. between the zones are not precise.

Zona de cartilagem
em repouso

Zona de cartilagem
seriada (proliferacéo)

Zona de cartilagem
hipertrofica

Zona de cartilagem —
calcificada =

Zona de ossificagdo ™

.1 &and undergo apoptos's.
Vascular invasion
zone

Blood vessels penetrate
the transverse septa of

The longitudinal
: | sepla, corresponding to
the interterritorial
matix, are not
| | degraded by the
vascular invasion.
Osteoblasts bensath
the sites of vascular
invasion begin to
deposit osteoid on the
cartiaginous cores
forming trabecular
invasion zone bone.

— L0 @)

Longtudinal septa at the vascular invasion %
2006 ar thefst stes where stecbasts - 0o

Blood celts.

begin to deposit bone matrix (osteoid).

2. Ossificacao Endocondral

Osteoid contains  Calcified cartilage Acapillary sprout, in contact with Em;pm;aﬁzm septum
type | collagen  matrix i ytes, has o s
fibers and septum) penetrated a transverse septum. undergoing mineralization.

proteoglycans

Osteoblast

i Vascular
 invasion zone
P ot Osteoblasts are lining a longitudinal Osteoid front denoted by dotted lines
Hematopoletic issue inthe oy m and startto depositosteoidon  along the calcified cartiage matrix (bue

dereloplog boe warch the cartilaginous matrix. staining).
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Crescimento= a “fuga dos condrdcitos”

i Epiphyseal | D::':r";'i::;‘:'
cartilage © Giowth
ENO) Reserve
' 3 r chondrocyte
i i Prolierative
: Reserve |
w'ev H © chond(qcytes start
' : expressing
i {19 Cotume
. transcription factor.
i Proliferative |
i zone i Chondrocytes )
i b become hypertrophic
H H as the ossification
i Hypertrophic |
i A i front approaches.
Osteoblasts begin
i Vascular | to deposit osteoid
AN along the calcified
' cartilage. The
' | osteoid calcifies.
: Osteoprogenitor cells, derived from
: the perivascular mesenchyme,

reach the primary ossification

center and generate osteoblasts.

T Chondrocytes “run®

B Proliferating
chondrocytes away
from the ossification
front increase the
length of the cartilage.

€3 cacification of
the cartilage matrix
surrounding

hypertrophic
chondrocytes.
B e ossification

front invades and
[ destroys the
chondrocytes and
passes through the
site previously
occupied by the
chondrocytes.
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i Vascular endothelial
growth factor

Time

l

0 derived from
enlarge the bone marrow cavity.
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Desenvolvimento do Esqueleto
Axial

* Cranio

Coluna Vertebral

Esterno
e Costelas

REGIAQ DORSAL REGIAO
[cervicaL |

12 vertebras

g «}f )
L35G

g
PO}

5 vértebras ‘ OU TORACICA

P ..

(FEIXE NERVOSD)

PARTE DEFORMAVEL

Desenvolvimento do Esqueleto
Axial: Coluna Vertebral

* Esclerotomo em torno da notocorda, tubo e
paredes do corpo

* Condensacoes ao redor da notocorda: arranjo
frouxo e denso
— Com a uniao destas: cada uma das vértebras

* Disco intervertebral: originado da porc¢ao
densa

— A notocorda degenera e da espaco ao nucleo
pulposo
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Notochord

4 semanas

Myotome - Sclerotome

Intersegmental

.. Plane of arteries

section B

Intersegmental
artery

Densely
packed
mesenchymal

Notochord

@@ g sl

Anulus fibrosus

W\ __Plane of

section D Nerve @« Mng

Spinal nerve
(&}

m N : Myotome
C D
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e g Body of
vertebra

Desenvolvimento do Esqueleto
Axial: Coluna Vertebral

* Formacao dos centros de cartilagem: 62

Vertebral foramen Neural arch
‘ Primary
ossification
Costal process centers
A Notochord B \J
Centrum Chondrification centers

PROCESSO ESPINHOSO

13/10/2014
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Desenvolvimento do Esqueleto
Axial: Coluna Vertebral

* Ossificagdo: inicia no periodo embrionario até a idade
adulta
* 3-5anos: arcos vertebrais se fundem

* Puberdade: processos transversos, espinhoso e epifises
com centros de ossificacdo secundaria

Secondary ossification centers
Cartilage Anular o
Neurocentral joint epiphyses

Vertebral arch e /

/ \_ [ Costovertebral }
/. ./ synchondrosis \ ‘ 00
PR 7 -~

. - \| : -~ 0\ | ‘
< y i \l \
B N~ \ W | Anular epiphysis —___
a el Body \
‘ \ —
. /4
D ; —\ E F
Centrum
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Desenvolvimento do Esqueleto
Axial: Costelas

5- 6 semanas
* Mesénquima da parede do corpo: costelas

A partir dos processos costais das vértebras

Sao cartilaginosas no periodo embrionario e se
ossificam no periodo fetal
AR —

\ Costal process
..\ /
A L L/

| Notochord

Vertebral foramen

|
Centrum

13/10/2014
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Desenvolvimento do Esqueleto
Axial: Esterno

Duas faixas verticais na regiao
ventrolateral

Suprasternal notch

vicular notch

I~ For 14 costal
cartilage

Deslocamento das faixas para a regido
medial e forma-se o molde cartilaginoso

i anubrium

- For 2nd costal cartilage

Centros de ossificacao com
desenvolvimento cranio-caudal

Body

Ossificacao do processo xiféide na
infancia

Desenvolvimento do Esqueleto
Axial: Cranio

* Fase cartilaginosa e fase membranosa
[ e : W

W,

— Neurocranio

— Viscerocranio

— A: 6 semanas
— B: 7 semanas
—C: 12 semanas
— D: 20 semanas

>
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=~ For 3rd costal cartilage
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* Articulacdes fibrosas:
suturas

* Fontanela anterior so
desaparece aos 2 anos
de vida

C: 22 semanas

* Desenvolvimento poOs-
natal

© Elsevier. Moore & Persaud: The Developing Human 8e - www.studentconsult.com

Desenvolvimento do Esqueleto
Apendicular

* Condensacao do mesénquima para formacao
do broto dos membros: 52 semana
* Condrogénese dos membros: 62 semana
 Ossificacdao dos ossos longos:
— C. O. Primarios: inicio na 82 semana (até a 122)

— C. O. Secunddrios: no joelho (ao nascimento),
demais apds

16
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. Cartilage

I:I Loose mesenchyme . Condensed mesenchyme

Mesenchymal
Ectoderm primordia of

forearm bones

Digital rays

Radius

Carpus Phalanges

Metacarpals

Ulna
© Elsevier. Moore & Persaud: The Developing Human 8e - www.studentconsult.com

Brotamento do
membro superior em
forma de nadadeira

Placa da méo
formada

Raios digitais
aparecem na placa
na méo

Raio digital

Depressdo

MSs dobrados
no cotovelo;
dedos curtos e
interligados

Dedos das maos

et e dos pés

48
e distintos e
separados
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Vista dorsal

Broto dos
artelhos

Eletromicrografias de varredura.

Pé direito, embrido humano.
Cerca de 48 dias.

Vista plantar

Coxim do tornozelo

Vista dorsal

Inicio da degeneracéo interdigital.

Dorsoflexdo do metatarso e
artelhos.

Eletromicrografias de varredura.
Pé direito, embrido humano.

Cerca de 55 dias.

Vista plantar

Coxim do tornozelo espessado

13/10/2014
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Feto de 20 semanas
Ossificacdo em rosa
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