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Musculoskeletal system




Musculoskeletal system’s functions
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Video time

GASTRULATION - three laminar embryo body
NOTOCHORD FORMATION - first axis
NEURULATION - neural tube and crest formation

EMBRYO FOLDING - final shape of embryo
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Sources of cells for

F R

endoderm Larsen, Humari EMBryoogy
* Bones formed from 3 sources: Muscles formed from 3 sources:
o paraxial mesoderm — trunk o paraxial mesoderm — trunk and limb
bones, some head bones muscles, head muscles

o lateral plate mesoderm — long

o lateral plate mesoderm — muscle
bones, sternum

connective tissue

o Cranial neural crest — head bones \
o Cranial neural crest — head muscles




Development of the axial skeleton
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Axial mesoderm — Notochord formation

o Notochord is formed from axial mesoderm

o Formation: epiblast cells emigrate from node
between epiblast and endoderm and form
notochord and prechordal mesoderm

o Rod-shaped rigid unit stretching along the
rostro-caudal embryonic axis

o notochord neighbours dorsaly with neural tube

and lateraly with paraxial mesoderm




Notochord — interspecies comparison

muscle

nucleus
pulposus

o fish and amphibians — formed from cells with
big vacuoles, covered by collagen fibers sheath,
rigid and flexible structure enabling support and

movement

inter
vertebral
disk

vertebrae

notochord

o reptiles, birds, mammals — small and thin T
3 3 ntroduction to Anatomy and Development,
notochord, no supportive function e T s

o majority of notochord degrades during
development replaced by axial skeleton,
notochordal residues form nucleus pulposus of g Le
the developing intervertebral discs 9




Development of axial skeleton structures

* Axial skeleton is formed from 4 sources:

Neural groove

Paraxial mesoderm

o paraxial mesoderm — trunk bones, some
head bones

o lateral plate mesoderm — sternum

Neural tube

Paraxial mesoderm

Lateral plate mesoderm

o axial mesoderm - notochord

0 — some head bones

Neural crest

notochord

Edited: Russell, 2018. Chemistry
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Paraxial mesoderm

o para — alongside, axial - axis

o mesoderm developing on both sides along the
longitudinal body axis (neural tube)

paraxial
mesoderm

o Epiblast cells emigrate from the primitive streak to area
between epiblast and endoderm, migrate rostraly
(towards the head) and lateraly (to the sides)

intermediate
mesoderm

lateral plate
mesoderm

o Mesodermal cells adjacent to the neural tube condenstate
and form paraxial mesoderm — basis for somites

Larsen, Human Embryology
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Axial mesoderm — formation of prechordal mesoderm

o Formation: epiblast cells emigrate from node
between epiblast and endoderm, migrate rostraly
along the central axis and form prechordal
mesoderm

o cluster of cells rostraly from notochord e

o basis for thicker prechordal plate - mesenchymal ectodern

head tissues and rostral cranial mesoderm head fold peciont platemesocky,  {reirallate) Hensen’r"ode
o different names among species — premandibular

mesoderm (lamprey, shark), prechordal pter M e (et
mesoderm (xenopus, crocodile, chicken), frontal
aXlal m€SOd€1’m (ZebfaﬁSh), Vei’ltl’al Cfanlal Dr. Staveley, Memorial University Newfoundland

mesoderm (mouse)

Posterior
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Formation ot somites - somitogenesis

o segmentation of the paraxial mesoderm — formation
of paired somites

woe B Wrsonites

o Basis for bones, cartilage, muscles, tendons, dermis

o segmentation begins on cranial end and runs towards
the caudal end

paraxial .
. . . mesoderm i
o Cranial paraxial mesoderm — not segmented, basis for ey

facial and neck muscles

o Somites form in periodic intervals — used for embryo
staging

Introduction to Anatomy and Development,
University College London

o Different number of somites among species D




Somitogenesis — interspecies comparison

Presomitic mesoderm
maturing — . Somites

T 10 ],

§ 32
vortatir
335
e il
’j verinhrae
-

- .
g e 70
. cloacal caudal

265 somites 280 somites 290 somites 315 somites

L

219 %
- thoracic

fish (zebrafish): 32
Jian et al. 1998. Cutrr Biol

235 somites 255 somiles

mammals (mouse): 65
Indiana Uni

Brain—___

reptiles (grass snake): 315
Gomez et al. 2008. Nature

reptiles (anolis): 72-73
Eckalbar et al. 2011. Dev Biol

42

Bi6140 Embryology birds (chicken): 55 mammals (human): 44 amphlbg{ﬁnir(xelr;(gg)us)
Cebsa-Thomas—Dev-Biol The Developing Human 8th edition Tt




Clock and wavefront model

* FGF is produced by the Hensen’s node cells o O A
e RN N retinoic B
* Retinoic acid is produced by the somitic cells add ==
* FGF and RA are antagonists and their expression determines the wavefront - o O
; > S 3 -8 &
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Segmentation of somites - part 1

oParaxial mesoderm formed of mesenchymal cell mass

Dr. Hill. Uni New South Wales

we Columnas pedie

orostraly — gradual separation and somite formation —

rostral somites more differentiated than caudal N

'-' = mesenchymal cei
notothord somilic
. . . . . masadorm
oFormation of spherical somites, epithelial sheath, begrvan
mesenchymal core, somitocoel cavity in early somites
oSegmentation of somites — sclerotome and AL WP s,
dorsal rool =g ) T EEL
dermom Otome gangion : >.L somitocoel calis
y lnf;é:% '. darmomyatome
: \:’,J stlerolome
o Po—
Introduction to Anatomy and Development, University College Lond8n




Segmentation of somites — part 2

Dermomyotome + Sclerotome dermomyotome — dermatome and myotome
dorsal
dorsolateral
dermatom
dermomyotome
ventromedial (dermis)
sclerotome
vertebral bodies, intervertebral discs,
ribs sclerotome
ventrolateral
. sclerotome
myotom

notochord somite = (skeletal muscles)

dorsal

notochord somite

medial lateral

ventral Dr. Hill. Uni New South Wales




Development ot sclerotome — part 1

o Sclerotome cells (S) undergo epithelial -
mesenchymal transition (EMT)

oMigrate to notochord (NC) and neural tube (NT)

areas




Development of sclerotome — part 2

oSclerotome cells around notochord — vertebral
body

forming vertebra

oSclerotome cells around neural tube — vertebral
transversal processes, arch, vertebral spine
and ribs

myotome

- R Vertebral
) ossification

i i1 ertebral spi
orostraly formation of the occipital bone at the il . it

skull base

epimere centers

hypomere

vertebral body

Introduction to Anatomy and Development, University College Londdn




Cranial and caudal sclerotome — part 1

o Sclerotome compartmentalization along the cranio-caudal body axis

neural tube

ohigher cells density and proliferation rate in von Ebner’s fissure

caudal sclerotome than in cranial — important for
neural crest cells migration and motoric neurons
axon growth

jncipient
spinal nerv

oPlace of cranial and caudal sclerotome division —
von Ebner’s fissure (transversally oriented cells)

ocaudal end of first sclerotome fuses with cranial
end of the following sclerotome

oformation of vertebra from two neighbouring sclerotome myotome

sclerotomes

Introduction to Anatomy and Development, University College Londdn




Cranial and caudal sclerotome — part 2

oformation of vertebra from two neighbouring
sclerotomes

intervertebra
disc

overtebral mesenchyme encapsulate notochord

vertebra” n\

verlebra
| «
lu?.tw‘.‘f

oformation of cartilaginous vertebral deposits —
compression of notochord followed by
dissapperance with following ossification

onotochord remnants — soft central parts of e S
intervetebral discs (nuclet pulposi) muscle 7 . S

Introduction to Anatomy and Development, University College Londdn




Ribs development

oribs develop from the transversal processes of
the thoracic vertebrae

omesenchymal cells permeate between hypomers
(myotome part) and differentiate into cartilage

olater cartilage ossifies through endochondral
ossification, distal cartilage does not ossify — rib
cartilage (connection between ribs and sternum)

O

Vertebr
body

Veriebral
body

38 days

Costavertebral
joint

Vertebra

Development of the Vertebral Column. Dr. Karoly Altd3rfer




Development of sternum

osternum originates from lateral plate mesoderm—

somatic mesoderm (somatopleura)

ocells migrate ventrally

o two mesenchymal condensation form on
ventral side — cartilage differentiation

omedial fusion — begins cranially, formation of
cartilaginous basis of sternum

oafter fusion — ossification centers formation —
endochondral ossification

Clavicle Manubrium  Clavicie

Me;:nch;;_ma] Sternal bars i
RIS RERon {begin o chondrity and fuse Ossification
as ribs become connected) centers

Somatic mesoderm

|‘Paraxial mesoderm

_ Intermediate mesoderm

_ Lateral plate
S %nesoderm

Marieb et al. Human Anatomy. 7th edition =~ =~




Developmental defects ot trunk bones

o Pectus excavatum — sunken chest caused by

uneven development of ribs and sternum, 90 % Pectus Pectus
3 Carinatum Excavatum
of all congenital chest defects ,

oPectus carinatum — , Bird's chest®, abnormal
growth of rib cartilages cause sternum elevation

oJeune syndrome — trunk dystrophy, mutations in
wide spectrum of genes, small chest, short risb,
short limb bones

oSternal cleft — insufficient fusion between sternal
basis in the midline

Tystizet al. 2009. AJIMG
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Development of head bones

Bones and cartilages of head develop from two
sources:

(0]

o neural crest

oBones of head form two parts:

o neurocranium — surrounds brain

o viscerocranium — surrounds oral cavity and pharynx

oBones of head are formed by two types of
ossification:

o membraneous — from mesenchyme

o endochondral — from cartilage




Neurocranium vs. viscerocranium

* Neurocranium Viscerocranium

o Surrounds brain 3
o Surrounds oral cavity and pharynx

Membraneous Membraneous
SSificatinn Endochondral ossification ossification

membraneous cartilaginous membraneous cartilaginous

Endochondral ossification

neurocranium neurocranium viscerocranium viscerocranium

ear ossicles

26




Neural crest

B Neural plate Ef#jr:rl plate
o Neural crest— forms from ectoderm, from - Norveural
neural fold in developing neural tube U - N
Notochord
o Neural crest cells — transform from c il Ao
epithelial to mesenchymal (epithelial- N 47
mesenchymal transition - EMT) — )} Y
migration \
. . . . . ' Chondrocytes
o Migration to final destinations — different cell D - Sl oueores
types and tissues AL Sdonomae
Thyroid cells
) Delaminatin mooth muscle cells
o Regions of the neural crest: ) el cest o
\ \ Neurd! 7 F'eﬂcy.tes
o cranial + cardiac b ' 4 el
Pericytes
- vagal
o truncal Mty

Enteric ganglia

o] S aCI’al S Migratory Sympathetic ganglia

neural crest

Green et al. 2015. Nature




Cranial neural crest

o regions of developing prosencephalon
(forebrain), mesencephalon (midbrain) a

rhombencephalon (hindbrain)

Iérosencephalon II

mesencephalon

o mesencephalic cells and cells from frontal
segments of thombencephalon migrate into
prosencephalon — frontal bone, parts of
temporal, sphenoid and occipital bones

o mesencephalic cells and first three

rhombencephalic regions cells (R1,2,3) — shombencephalon

migrate to frontonasal prominence and first
pharyngeal (branchyal) arch — form bones
and cartilage of nasal capsule, maxila and
mandible, ear ossicles

[[] Diencephalic and anterior mesencephalic NC
[l Posterior mesencephalic NC [] raNC

[] riNC B r5NC
B r2NC [ 6NC
] raNC il 7 NC

pae)




Pharyngeal arches

»neural crest cells migrate to regions of developing
head and neck between surface ectoderm and
primitive gut endoderm — 6 pairs of pharyngeal
arches

pharyngear arcnes

»pharyngeal clefts i

pharyngeal
clefts

o primitive gut en __’_,‘dermal protru-s1d'ns

o Eustachian tube

0 lyrnphanc system (palatal t@nsﬂs)

o endocrine’ system’ @ar&ﬁyrmd glands, thymus)

TN

pharyngeal pouches

pharyngeal arches

b i’hl@rylllgf‘al membrane — broken in fish, communication

between oral (pharyngeal) cavity and external environm

et

McGeady et al. Veterinary Embryology. 2009 R




Bony and cartilaginous derivatives of pharyngeal arches

o different structures of head and neck
develop from mesenchyme of each arch

b 1. arch

o bones: maxila (Mx), premaxila (p), mandible (Mn), zygomatic (Z), temporal (t)
o cartilage: Meckel's, malleus, incus

0 2. arch

o bones: styloid proces of temporal bone (t)

o cartilage: stapes, part of hyoid bone (cartilage)

b 3. arch
o part of hyoid bone (cartilage)

b4, arch

o Laryngeal cartilage

(D)

Styloid—\

\process

Pharyngeal arch:

\ .1 -3
N (2 4

st Facial bones (from

y ) arch 1 neural crest)

Malleus

Incus \\,’l ‘ h !
Stapes — & s

_— Meckel’s cartilage
‘ '\_T_;‘“—————Hyoid cartilage

A\ .
;L Laryngeal cartilage

2}% Tracheal rings

Scott Gilbert. Developmental Biology 10th edition 2l




Developmental defects of head

o Craniosynostosis — premature ossification of

cranial sutures (head deformities, brain and eye
defects)

o Hemifacial microsomy — one part of face Centers for Disease Control and Prevention
incompletely developed (eye, ear, facial bones \ \
and muscles) \ \

- = - -
e ( o |

o Cleft lip and/or palate — the most often - .
developmental defects of head, isolated or £
combined Q

Mayo Clinic Family Healt Book, 5th Edition

31




Formation of bones

o Membraneous ossification canial valt

skull base

o Bone forms directly from mesenchyme

facial bones

vertebra

clavicles long bones

L, Endochondral ossification

pelvis

o Cartilage is formed and than replaced by bone

ribs

sternum

32




Membraneous ossification

o Bone develops from mesenchyme

omesenchymal cells condensation

o differentiation - osteoblasts

o ossification center formation

oosteoblasts produce minerals

costeoblasts differentiate in ossification
center - osteocytes

oedges of ossification center —

osteogenic progenitors differentiate
into osteoblasts

oinside — trabecular/spongy bones (osteocytes)

osurface — compact bone (periosteum, osteoblasts)

i

: = - Mesenchymal
: ; cells
( .

— Collagen fibers

Ossification
center

= \x_ Osteoid
Osteoblast

Mesenchyme
. — J forms the
periosteum
WY - A

Blood vessel

Bone formation and development.

//— Osteoid
L~ Osteoblast
) Osteocyte

S/ ——Newbone
7 matrix

— Fibrous
periosteum

» Aj i J?\r'—OsteobIast
‘D“"" o L) & Compact bone

Spongy bone
(cavities contain
red marrow)

Oregon State University 33 ‘




Endochondral ossification — part 1

o Hyaline cartilage transforms into bone

omesenchymal cells condensation - chondroblasts

/ Perichondrium
ochondroblasts produce matrix - chondrocytes : Primary
Hyaline ossification
cartilage * Bol?aer center
. . . . . \ CO
ocartilage is not vascularized — supplied from : .
_-——-> Y
. . 3 o0
perichondrium . Calofied —~%ga Penosteum J_ “
¢ . . . . sq’
ocosteoblasts migrate through vessels in perichondrium to : g“,
. . . . . 55 .4
the edge of cartilage — bone is produced in diaphysis - 5 Uncalcified “
bone collar ‘ matrix Spongy " | \—Nutrient
bone artery
obone collar prevents penetration of material to cartilage / o\
— chondrocytes are dying and cartilage degrades (a) (b) A\

ospace for vessels — region settled by osteoblasts,
formation of primary ossification center

Bone formation and development. Oregon State University 34




Endochondral ossification — part 2

o Longitudinal growth of bone - cartilage grows on both ends
(future epiphysis),

concurrently 1s replaced by bone 1n diaphysis
o Primary ossification terminated — diaphysis ossified, epiphysis

cartilaginous

o Epiphysal cartilage — ossified later, formation of secondary
ossification center

oduring development, cartilage remains between epiphysis and
diaphysis in form of epiphyseal/growth plate

Bone formation and development. Oregon State University

Uncalcified
/ matrix

Calcified T

matrix oo o€ Z0
A
)
Nl
Periosteum — > /
\ i/ Medullary
\ /
(covers compact | cavity

\
bone) \\
|
|
\

Artery and vein
(provide nutrients
= tobone)

Secondary
ossification
_ center

Amcu\arlcani\age

Artery \ ®
and vein > Ve ~ .
- nd vei 6 Z o,
Spongy- N \) iy 1| /) Uncalcified
bone \ \‘y N /’/ matrix

Epiphyseal < | |
plate ‘l 4
I Artery and vein
} (provide nutrients
to bone)

(e}




Growth plate

T

o Reserve zone w7
o chondrocytes |

I
I
| S 5 #

o L= o

Reserve zone

o Proliferative zone € o fe)

Changes in

Growth plate zones chondrocytes

o Matrix production

(3

Matrix production

o chondrocytes grow

Proliferative zone Mitosis

o chondrocytes proliferate (mitosis)

o Hypertrophic zone

Lipids, glycogen,
o chondrocytes grow et Hipids 4yt
: e phospha‘lte:s?
o chondrocytes maturation ot calies
o Calcification zone
o calcification of matrix
Caleification Cell death
o chondrocytes dying e
3 3 . o
o Ossification zone . . P
o vascularization 5| D
3
S
o osteoblasts form bone pusartid

Borreformmation and-development-Oregomn State University




Growth defects

o Achondroplasia

o dwarfism

o reduced proliferation of chondrocytes in growth

plate
o growth plate disorganized

o short bones, macrocephaly

o Thanatophoric dysplasia

o more severe form, usually lethal
o short limbs
o narrow chest

o macrocephaly, brain defects

Ornitz and Legeai-Mallet, 2017. Dev Dyn

Catrol et al. 2020. Pal Med Rep

S




o

Development of apendicular skeleton

IL.imb bones

(o]

(0]

development

defects




Formation and development of limbs

o formation of limb buds:

mesenchyme (mesoderm) covered with epithelium (ectoderm)

) ~9 .

Bi6140 Embryology Hamburger and Hamilton, 1951. 39




Embryonic origin of limbs

. dermatome
Epaxial myotome

hypaxial

myotome

oMuscles and dermis — paraxial mesoderm

o myotome — hypaxial part

limb muscle cells

o dermatome

precursors

Limb bud

o bones and cartilage — lateral plate mesoderm, somatopleura

limb skeletal

precursors
endoderm
lateral plate
mesoderm
Marieb et al. Human Anatomy. 7th edition

20 |




Syndetome

Meural tube

o junction between muscles and bones —
tendons formation

o originates in paraxial mesoderm —

somites O

Motochord
o dorsal part of sclerotome - syndetome

= [lermatome Syndetome

& Myotome » Sclerotome

Nakamichi and Asahara, 2021. Bone




Beginning of limb development

o limb field — lateral plate mesoderm
cells and paraxial mesoderm cells
migrate from limb field

o cells accumulate under the
ectoderm — formation of limb bud

Peribrachial Frae sha
Hank tsvie limb wrdk

Stocum and Fallon, 1982
oApical ectodermal ridge (AER)
formation
thickening of surface ectoderm in distal part
of limb bud

production of growth factors —
mesenchymal cells stimulated (proliferation,
migration, differentiation)

Qe 204-0)
Saaler;2ZoTur




Z.one of polarizing activity (ZPA)

mesenchyme in posterior part of limb bud
production of growth factors

mutual influence with apical ectodermal ridge
cells

determines differentiation of limb along the
anterio-posterior axis




en-1

ot Signaling
VAR

dorsal

SR r-fn
A : g r-fng Wnt-7a
: - Lmx-1
Lmx-1
vontia ALR d uisal ¢ (Shh i§ §peciﬁ§ for the zone of
en-1 formation pattern polarizing activity (ZPA)
* En-1 expression blocks
D development of dorsal part
(Wnt7) in ventral part of hand
Foaniern. aton AER ( f FGF) i
pattern - pattern * source o 1S
«~—— [ FGF
LShh‘I I_.! formed on the edge of cells
\ producing and not producing
Shh 1 =
go, R -fog
) Wnt-7a dorsal
pattern

http://www.evol.nw.ru/




Growth and differentiation of limb bud

Apical
ectodermal
ridge

o Progressive zone model — faith and
differentiation of mesenchymal cells
determined by time they stay in
progressive zone

progress zone

Apical
ectodermal
ridge

oEarly specification model — faith and
differentiation of mesenchymal cells is already
determined by formation of three different cell |}
groups in progressive zone

McGeady et al. Veterinary Embryology. 2009




Bones and cartilage of limb

o variation of the same building plan of
vertebral limbs

stylopodium zeugopodium  autopodium
o 3 zones on developing limb: —
: - ]
o stylopodium (proximal) — humerus, resp. e
femur \

o zeugopodium (middle) — radius, ulna, resp.
t1b1a ﬁbula B Sat Whale Horse Frog Bird Hurnan Lien
D)

o autopodium (distal) — metacarpal bones and
finger bones




http://www.cmrb.eu/media/upload/imatges/
centre-investigacio/linies_treball/6_1_limb.jp

Source of Iimb cells

The Developing Limb Bud

Contribution of Embryonic Cells
to the Developing Limb Bud

Meural Tube
Mewal Crest

Sensory Nernves,
Schwann Cells
B: Pigrment Cells

oblasts

Motor Axons

- Epdhedial
eciogem
rApical
eclodermal
ndge
Limb Bud
mesodam

Mesodamn

Laternad
Pliate
Mesodem)|

CrDay

Forelimbs
The Developing Limb Bud; Hindlimbs
Prosimo-distal growth
praecedes differentiation
Limb Bud

Growth & Cell Division -

Differentiction

Early Limb Development]

Limt: Bud Zore of Zone of
" 1ar Avisicr

http://www.utm.utoronto.ca/




Developmental defects of limb bones

AT 2
4 ( | ' "5)5.‘ ‘ R

oSyndactyly — connection between two or
more fingers

o Polydactyly — more than five fingers
formed on one limb

-Phocomelia — mis Siﬂg prOXimal part of hmb Kapoor and Johnson, 2011.
N Eng ] Med

| Integr Health Aggci




Development of trunk skeletal muscles

o trunk muscles have two origins:

o Paraxial mesoderm (somites) e i

___dermomyotome

o Lateral plate mesoderm

sclerotome
sclernfnmea

ectoderm

notochord neural crest

osomites differentiate into sclerotome and dermamyotome

epaxi

muscle

odermamyotome differentiates into dermatome and myotome

omyotome is divided into: 3
- Epaxial myotome: sclerotome %
osome trunk muscles (dorsal) * :

- Hypaxial myotome: POAERG @

o some trunk muscles (ventral)

o limb muscles

myotome

49




Epaxial and hypaxial trunk muscles

o proliferation and migration of myotome cells—

(o]

(0]

muscle cell progenitors formation - myoblasts

Epaxial muscles:

o back (dorsal) muscles formation — muscle connective
tissue from somites

o muscle segments are fusing

Hypaxial muscles:

o 1ntercostal muscles — muscle connective tissue from
somites, muscle do not fuse

o abdominal (ventral) muscles — muscle connective
tissue from lateral plate mesoderm, muscles fuse

Lateral plate
mesoderm

:""'- | Abdominal muscles |

< Intermediate
mesoderm

B Epazxial (primaxial); Somite-derived MCT
Hypaxial (primaxial); Somite-derived MCT

D Hypaxial (abaxial); Lateral plate-derived MCT

Sefton and Kardon, 2019. Curr Top Dev Biol 30




Development of limb muscles

~—Dorsomedial lip

o Hyanial myotome — SOource Of i A Dorsal ramus
myoblasts for imb muscles o | Tiypaxial myotome
- L o
5 S Migrating MPCs
o myoblasts emigrate from myotome in the X
3 3 3 b ad™ Y ) - L
limb field to developing limb bud sprainenes_/ ® 8\ @ %eg8 =
— Ventral ramus—/ @ | 3L
Sels
.I

~ ily
Limb muecle mass —— b ® ....:.
e% 5 _
=) I

Deties and Thorsteinsdéttir, 2016. Cell Mol Life S&!




oHead muscles develop from 3 sources:

Head muscles

Neural Crest

° nonsegmented cranial mesoderm
(CM)

o Paraxial mesoderm - somites (PM)
° Cranial neural crest (CNC)

‘o 3 groups:

o extraocular muscles— CM, CNC

o muscles originating in pharyngeal arch

- CM, CNC

o TFacial muscles, jaw muscles, neck muscles

o tongue muscles — PM, CNC

7 ran
Mesoderm

Foregut

Cranial Mesoderm:
3-5 Somite Stage Embr

Randolph and Pavlath, 201:C

Cranial mesoderm; NC-derived MCT;
extraocular muscles

Cranial mesoderm; NC-derived MCT;
1st arch jaw muscles

Cranial mesoderm; NC-derived MCT;
2nd arch face and jaw muscles

Cranial mesoderm; NC-derived MCT;
Caudal arch neck muscles

Somitic muscle; NC-derived MCT;
D Tongue muscles

Sefton and Kardon, 2019. Curr Top Dev Biol

A\ Pharyngeal

Arch




Differentiation of skeletal muscle cells

Myotome Multinuclear Muscle fiber
cells myoblasts myocytes myotubules myotubules
I e vy =
- ; 7 L (o)
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Growth and renewal of muscles — progenitor and muscle stem cells - satellite muscle cells
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Developmental defects of muscles and muscle dystrophy

o Duchene muscle dystrophy —

the most often muscle dystrophy, gradual
loose of muscles, mutation in gene for
dystrophin — stabilization of muscles

o Becker's muscle dystrophy — less
severe form of Duchene dystrophy

o Poland syndrome — missing one side
of breast muscles, often connected with
scapula hypoplasia and other limb
bones on the same side

Shahi et al. 2020. Cureus.




U ficts

(@)

How many bones are in the adult human body?

o

How many bones has the newborn?

o And the skull?

o What is the smalest bone?

https:/ /www.bioexplorer.net/skeletal-system-fun-facts.html/ 55




Information sources

CamegieStage 1 2 3 4 5 L T 8 5 0 117 12 13 14 15 16 17 18 19 20 21 22 23

13- 1 I7
Human Days 1 2-F &b 3-8 T-12 1% 47 1o 20 2T 2% 2§ 3 3F 38 40 42 AW 480 520 %4 R 58
Mouse Days 1 g B B45 ESQEGD EFQ EAG ERQ ERS EW)EWESEN E115R1E E125E13 CE135EMM BI4S5ETS CEIRSENE
Rat Liaws 1 35 45 5 g 75 859 105 171 11512 12513 135 M 455 155 W 185 37 1TS

Note thess Comegie sHages ore onily dosraximnone day timiegs for overags of embryos Links: Zainegee Stage Companson

Comparison of human and mouse embryo (21 d)

Atlas of mouse embryo

Chick embryo developmental stages (21 d)

European mole developmental stages (talpa europea) (28 d)

Atlas of danio rerio development (3 d till the egg is hatching)




Data For Carnegie Stages Comparison Graph (Species/Days)
Species Stage 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Human!?! Days 20 22 24 28 30 33 36 40 42 44 48 52 54 55 58
baboon?! Days 23 25 27 28 29 30 31 33 35 37 39 41 43 45 47
monkey!4! Days 21 22 25 28 29 30 32 34 36 37 38 40 42 44 46
marmoset®!  Days 57 60 64 67 74

mouse!®! Days 9 95 10 10511 11512 12513 13514 14515 15516
rat!’] Days 10511 11512 12513 13514 14515 15516 16517 175
hamster!®! Days 10 10511 11512 12513 13514 14515 15516 16.517
guinea pigPl"% Days 14515 15517 18 19 20 21 22 23 24 25 26 27 29
rabbit!'"! Days 8 85 95 10511 12 12513514 14515516 16517 18
sheepl!2] Days 15 16 17.518.519.520522 23 24525.527.529530 33
pig!"?! Days 14 15 16 17 18 19 20521523 24 25527529 30.5 325
chicken(14! Days 1 15 2 22525 3 32537547555 6.257.257.7585 10
dog Days 27 28 29 30 34 36 37

bat(15] Days 40 44 46 50 54 60 70 80




Samples
Homo Sapiens Sapiens

°  H.JSS. embryos 6th — 22nd week iud (46 weeks)

Mus Musculus (mouse)
°  MM. E12 = 5-6th week iud H.S.S. (21 days)
°  MM. E14,5 = 7.-8. week iud H.S.S.

Gallus Gallus (chicken)

* GG HHI10 (1,5 d) = 3td week iud H.S.S. (21 days)
* G.G. HH20 (3,5 d) = 5th week iud H.S.S.

* GG HH24 (4,5 d) = 6th week iud H.S.S.

* GG HH26 (D) = 6,5th week iud H.S.S.

* G.G. Hh28 (5,5-6D) = 7th week iud H.S.S.

Talpa Europea (Mole)
° T.E. 16D = beginning of organogenesis (29 days)
° T.E.27d = just before the birth

Mesocricetus Auratus (hamster)
*  M.A. 13,5D= 6. tyden iuv H.S.S. (17days)
°  M.A. 15D= just before the birth

Danio Rerio (zebrafish)
®  Zebrafish 5 days — larval stadium (hatching of embryo in 3rd day)




