· GENERAL:
· Skeleton = mesoderm + neural crest cell development

· Head & neck mesenchyme (mesoderm + neural crest cells), produce many cells including
· Fibroblasts

· Osteoblasts

· Chondroblasts

· Bone formation processes (review histo “Bone & Ossification” lecture from Unit I):

· Intramembraneous – bone formed directly in a condensed mesenchyme

· Endochondral – cartilage model of condensed mesenchyme is replaced by bone

· VERTEBRAE  (helpful to review vertebral bone components from Gross Anatomy)
· Somites form from paraxial mesoderm (formed from 2nd wave of epiblast migration to form the trilaminar embryo) in a segmental manner

· Somite background (from Langman’s Essential Embryology – abridged p. 28):

· Just to “get a picture” in your head; NOT part of class notes

· At 4 wk stage: group of cells in a  “donut” shape located lateral & slight ventral to neural tube

· Ventral cells ( mesenchymal again ( sclerotome (bone-forming)

· Dorsal lateral ( myotomes ( hypomeric (limb & body wall ) musculature

· Dorsal medial ( myotomes (epimeric (muscles of the back) musculature

· Dorsal (most) ( dermatome ( dermis of the skin 
· Cells migrate to new position—positions after migration from lateral to medial:  dermatome(myotome(sclerotome
· Ventral portion of somites forms sclerotome (bone-forming mesenchyme)

· Sclerotome general overview:
· Induced by neural tube

· Surrounding notochord ( 

· Centrum of vertebrae (primordial “body of vertebrae”)

· Intervertebral disc

· Surrounding neural tube ( vertebral arch
· Remaining sclerotome ( costal process (future rib)
· Sclerotome  specifics:

· Initially located “segmentally” (corresponding with vertebral levels), BUT…
· Middle sclerotome cells (opposite to a corresponding myotome)
· Migrate &
· Surround notochord

· ( annulus fibrosus of the intervertebral disc

· Corresponding notochord ( nucleus pulposis
· Caudal & cranial (neighboring) sclerotomes fuse…

· Caudal cells of one sclerotome fuses with rostral (cranial) cells of the neighboring sclerotome below ( vertebral centrum
· Causes vertebrae to be located “intersegmentally”

· Causes intervertebral space to be “segmental”

· Segmental spinal nerves now grow directly to innervate appropriate myotome
· Notochord in this region degenerates

· Mesenchyme continues to surround spinal cord/neural tube ( vertebral arches
· Mesenchyme condenses in body wall ( costal processes ( ribs
· Cartilage formation in the mesenchyme (endochondral bone formation):  beg. of wk 6
· Ossification begins 7 – 8 wks and continues to 25 years or so

· End of embryonic period:  three 1o ossification centers (“bony” pieces):
· Centrum

· Each ½ of verterbral arch
· Birth:  3 bony pieces (listed above) connected by cartilaginous joints
· B/w ea. arch & the centrum (2 total)

· b/w halves of vertebral arch
· Postnatal:  arches fuse to centrum by 3-6 years

· Puberty:  2o ossification centers form:
· Tip of spinous processes

· Transverse process

· Annulus epiphysis of body

· Clinical Correlation:
· Spina Bifida – failure of fusion of vertebral arch; involvement of spinal cord ranges from clinically insignificant to severe
· Spina Bifida Occulta – site is covered by skin and marked by tuft of hair; may be insignificant but is prone to trauma
· Spina Bifida Cystica – spina bifida invlolving herniation of meninges and/or spinal cord through defect in vertebral arch; coverd by skin or a thin membrane; may occur anywhere but most common in lumbar region
· Meningocele – protrusion of meninges and CSF but not spinal cord
· Miningomyelocele – Protrusion of spinal cord & meninges into cyst; symptoms/loss of fxn depends on location (usually lumbar)
· Rachischisis – Series of wide open vertebrae often associated with open neural tube (myeloschisis); results from failure of neural folds to close
· Hemivertebra – Failure of one chondrification center to appear in centrum, producing only ½ a vertebral body; causes scoliosis (lateral curvature of vertebral column)
· RIBS
· Costal processes condense from mesenchyme, becomes cartilaginous

· Ribs join w/ vertebrae ( costoverterbral joint

· Types:

· True Ribs:  cartilage of ventral end of rib articulates w/ the sternum (ribs 1 – 7)

· False Ribs:  cartilage of ventral end of rib articulates w/ cartilage from rib(s) above (ribs 8 – 10)

· Floating Ribs:  ventral end of rib doesn’t articulate with anything (ribs 11 & 12)

· Sternum:

· Sternal bars (2 vertical bars of mesenchyme) move medially & fuse to form:

· Manubrium

· Sternum

· Xiphoid process

· Clinical Consideration:
· Accessory ribs – inappropriate appearance of costal process in cervical or lumbar region; usually asymptomatic but at the cervical level, it may interfere w/ brachial plexus or subclavian artery

· SKULL

· Forms via inductive influence of brain on surrounding mesenchyme

· Neurocranium – protective case for brain

· Membranous:  formed by intramembranous ossification

· Form flat bones of calvarium:

· Frontal

· Parietal (2)

· Squamous part of Temporal (2)

· Occipital

· Sutures 
· DCT to allow molding of skull around growing brain

· Sutures close (ossify – become synostoses) in adulthood

· Membranes (fontanelles) -  where sutures meet

· Consist of:

· Anterior

· Posterior

· Anterolateral (sphenoidal)

· Posterolateral (mastoid)

· Fontanelles close by 2nd postnatal year

· Cartilaginous:  formed by endochondral ossification

· Base of skull formed by fusion of cartilages & then ossification

· Otic Capsule

· Condense around otic vesicles (future middle ear)
· Forms petrous & mastoid portions of temporal bone
· Viscerocranium – skeleton of face

· Membranous:  formed by intramembranous ossification

· Maxillary prominence of Arch I forms:
· Squamous portion of Temporal bone (part of Neurocranium, but forms from maxillary prominence)

· Maxillary bone

· Zygomatic Bone

· Mandibular prominence of Arch I forms:

· Mandible

· Cartilaginous:  formed by endochondral ossification of pharyngeal arch cartilage
· Arch I (Meckel’s cartilage):

· Dorsal:  malleus & incus

· Ventral:  regresses

· Arch II (Reichert’s cartilage):

· Dorsal:  stapes & styloid process

· Ventral:  lesser horn (cornu) & upper part of hyoid bone

· Arch III

· Dorsal:  none (?)
· Ventral:  Greater horn (cornu) & inferior part of hyoid bone

· Arches IV & VI:

· Fuse:  laryngeal cartilages

· Arch V:  Rudementary

· Clinical Correlation:
· Cranial Formation Defects

· Cranial Meningocele – meninges herniated trhough opening in skull

· Meningeoencephalocele – brain tissue & meninges herniated through defect

· Meningohydroencephalocele – Meninges, brain & portion of ventricle herniated through defect

· Acrania 

· Failure of calvaria & proencephalon (anencephaly or meroanencephaly) to form

· Thought to be due to failure of rostral neuropore to close

· Infants usually die within a few hours

· Most common anomaly in still born infants

· May be diagnosed using 

· Ultrasound, fetoscopy or radiography

· Elevated alphafetoprotein in amniotic fluid 

· Polyhydramnios (fetus may lack neural control to swallow amniotic fluid)

· Craniosynostosis – premature closure of skull sutures producing unusual shapes of the skull; defects depend on which sutures are affected

· Microcephaly – Failure of brain to grow may reduce growth of skull via an inductive interaction

· LIMBS

· Limb Buds:  

· Appear during 4th wk (upper limb buds precede lower by about 2 days)

· Apical Ectodermal ridge
· Thickened portion of ectoderm at tip of limb bud

· Induces growth & differentiation of limb mesencyme

· HOX Genes – direct mesenchyme

· “Specify” mesenchyme – give it a “zip code”/address to go to

· Polarizes:  Anterior/Posterior, Dorsal/Ventral, Proximo/Distal

· Controls production of bone primordial in appropriate sequence (chronological order)

· Hand Plate:  forms digital rays (?)
· Hand – during wk 6

· Foot – during wk 7

· Cartilage replaces mesenchyme by end of 6th week

· Endochondral Ossification of Cartilage Model
· Occurs in 1o center in diaphysis (Bone & Ossification Lecture)

· Hematopoietic cells colonize bony spaces to form bone marrow

· Webbing b/w digits is removed via cell death (apoptosis)

· 2o centers appear in epiphysis postnatally:

· Growth in length continues via epiphyseal cartlilage plate

· Usually ceases around 20 years of age

· Clinical Correlation:  
· Amelia – complete absence of limb
· Meromelia – partial absence of limb
· Clubfoot (talipes) – deformity of foot involving ankle bone characterized by abnormal positioning of foot that prevents weight bearing as child tends to walk on ankle not foot
· Syndactyly –  failure of mesenchyme to break down b/w digital rays resulting in fusion of digits
· Cutaneous - involves only skin & CT
· Osseous - fusion of bones also
· Polydactyly – extra digits
· Generalized Skeletal Anomalies:
· Achondroplasia:  The most common cause of dwarfism (shortness of stature)
· Trunk is normal length
· Limbs are short b/c of disturbance in endochondral ossification at the epiphyseal plate
· 1/10,000 births
· Hyperpituitarism:  Excessive secretion of growth hormone causes:
· Rapid & excessive growth (giganticism) or
· Enlargment of the visceral organs, soft tissues, bones of face, hands, & feet (acromegaly)
· Epiphyseal & diaphyseal centers fuse, preventing further elongation of the long bones
· Hypothyroidism & Cretinism:  deficiency in fetal thyroid hormone produces cretinism which is characterized by:
· Growth retardation
· Skeletal abnormalities
· Mental deficiency
· Auditory & neurological disorders
