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Musculoskeletal System 

https://cpd.cqu.edu.au/course/info.php?id=456

• Bone
• 206 bones in the adult human skeleton
• Major functions:

§ Mechanical support
§ Protects organs
§ Provides environment for hematopoiesis
§ Stores minerals, growth factors, and hormones

• Cartilage
• 3 types: hyaline, elastic, and fibrocartilage
• Provides low friction surface for motion and withstands 

tensile, shear, and compressive forces

• Skeletal Muscle
• Provides contractile forces to move the bones of the 

skeleton
• Maintains body temperature

• Tendon
• Attach muscle to bone and transmit contractile forces from 

muscle to bone

• Ligament
• Attach bone to bone
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Lecture Objectives

• Introduction to limb patterning and the signaling centers/pathways 
responsible for proximal-to-distal and anterior-to-posterior patterning

• Introduction/review of intramembranous and endochondral bone 
formation and mesenchymal progenitor cell differentiation

• Introduction to joint formation and gene expression patterns 
characteristic of a developing joint



Embryogenesis/Organogenesis

Prior, et. al. (2019) Gut doi:10.1136/gutjnl-2019-319256.

Endoderm: respiratory system, digestive system
Mesoderm: musculoskeletal system, circulatory system
Ectoderm: skin, nervous system
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Adapted from Nassari et. al. (2017) Front Cell Dev Biol. 5:22.doi: 10.3389/fcell.2017.00022.

Embryonic Origins of Musculoskeletal Tissues
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Mouse Limb Patterning and Development

Adapted from Zuniga (2015) Development. 142: 3810-20.

• Hindlimb development is delayed by 0.5 days
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ZPA/SHH Regulation of Anterior to Posterior Patterning

Yang, et. al. (2010) Oncogene 29: 469-481.
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Intramembranous versus Endochondral Ossification

• Intramembranous: bone formation directly from mesenchymal
condensations; flat bones (skull, mandible, clavicles)

• Endochondral: bone formation following the formation of a hyaline cartilage 
template; all other bones (long bones, etc.)

Adapted from Ornitz and Marie (2002) Genes and Development. 16: 1446-65.



Endochondral Bone Formation

a. Mesenchymal condensations
b. Chondrogenesis and  

chondrocyte proliferation
c. Onset of hypertrophy
d. Terminal chondrocyte 

differentiation
e. Primary ossification center 

formation
f-g. Establishment of epiphyseal 

growth plates and secondary 
ossification centers

Kronenberg, H. (2003) Nature. 423: 332-336.

E14.5

E15.5 E18.5 Postnatal

E11.5
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Cleidocranial Dysplasia (CCD)
• Autosomal dominant disorder due to haploinsufficiency of RUNX2
• Clinical features include; hypoplastic clavicles, delayed ossification of the 

cranial sutures and fontanelles, dental anomalies, and short stature
• At risk for development of osteoporosis and fracture

Otto, et. al. (1997) Cell. 89: 765-771.

WT Runx2+/-

http://dentistryandmedicine.bl
ogspot.com/2011/05/cleidocra
nial-dysostosis-
cleidocranial.html

http://drgstoothpix.com/2014/
05/09/case-of-the-week-
cleidocranial-dysplasia/

Supernumerary teeth 



Human Disorders of Skeletal Patterning, 
Differentiation, and Growth

• Polydactyly (extra digits)
• Oligodactyly (missing digits)
• Amelia (absence of limbs)
• Meroamelia (partial absence of a limb)

• Brachydactyly (shortened digits)
• Campomelic Dysplasia (SOX9 haploinsufficiency)
• Ellis-van Creveld Syndrome (EVC mutations)
• Cleidocranial Dysplasia (RUNX2 haploinsufficiency)

• Dwarfing Chondrodysplasias (caused by activating FGFR3 mutations) 
• Hypochondroplasia (least severe; short stature)
• Achondroplasia (most common; short stature, frontal bossing) 
• Thanatophoric Dysplasia (most severe; most patients die of respiratory 

distress following birth)

For review, Kornak and Mundlos (2003) Am. J. Hum. Genet. 73: 447-474.
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Molecular Regulation of Joint Development

Koyama, et al. (2008) Developmental Biology. 1:62-73.
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