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Skeletal System:
Bone Growth, Repair, and 

Remodeling

Bone Growth By Laboratoires Servier, CC BY-SA 3.0, via Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Bone_growth_--_Smart-Servier_(cropped).jpg


Learning Objectives:
● Describe the structure of bone matrix at the cellular level 
● List the steps of intramembranous ossification
● List the steps of endochondral ossification
● Explain the growth through elongation and appositional growth
● Describe bone remodeling

Lesson 3: Bone Growth, Repair, and Remodeling



▪ Can be found in 
accompanying materials to 
this lecture

▪ Materials are available in 
English, Spanish, Russian, 
Vietnamese, Filipino, East 
African French, Kiswahili 
(Swahili) and Chinese.

See the Skeletal System Wordlist!



▪ Osteogenic cells:
stem cells give rise to osteoblasts

▪ Osteoblasts:
synthesize organic matter of 
bone

▪ Osteocytes:
former osteoblasts, trapped in 
matrix

▪ Osteoclasts:
bone-dissolving cells

Bone Cells and Their Development

Bone Cells by Openstax A&P, 2e

https://openstax.org/books/anatomy-and-physiology-2e/pages/6-3-bone-structure#fig-ch06_03_05


▪ Matrix surrounds osteocytes

▪ 1/3 organic (collagen and other proteins)

• Allows a bit of flexibility to resist 
tension

• Formed by osteoblasts

▪ 2/3 minerals (mostly calcium phosphate)

• Provides strength

Bone Matrix Formation

Electron micrograph (10,000 magnification) of mineralized Collagen 
fibers in Bone by Sbertazzo, CC BY-SA 3.0, via Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Bertazzo_S_-_SEM_deproteined_bone_-_wistar_rat_-_x10k.tif


Ossification:
the process of bone formation

Two types:

▪ Intramembranous ossification:
produces the flat bones of the skull

▪ Endochondral ossification:
produces most other bones of the 
body

Ossification

Intramembranous Ossification by Openstax A&P,2e

https://openstax.org/books/anatomy-and-physiology-2e/pages/6-4-bone-formation-and-development#fig-ch06_04_01


ENDOCHONDRAL 
OSSIFICATION

Bone develops by replacing cartilage
▪ Cartilage serves as a template to 

be completely replaced by new 
bone. 

▪ Takes much longer than 
intramembranous ossification.

Endochondral Ossification 
by Openstax A&P,2e

https://openstax.org/books/anatomy-and-physiology-2e/pages/6-4-bone-formation-and-development#fig-ch06_04_02


Bone Elongation:

In children, limb bones elongate (growth in height) 
as epiphyseal plates thicken

On X-rays, plates appear as a transparent line 
across end of bone

Plates “close” when cartilage is depleted, replaced 
by bone

Bone Thickening (appositional growth):

In adults, bones do not elongate

Thickening of Bones occurs throughout adulthood

With increased tension on bone, athletes will have 
greater bone mass than sedentary people

BONE GROWTH AND REMODELING

Progression from Epiphyseal Plate to Line by Openstax A&P, 2e

https://openstax.org/books/anatomy-and-physiology-2e/pages/6-4-bone-formation-and-development#fig-ch06_04_04


Adult versus Child Hand X-ray

Left:  X-Ray of Adult’s Hand by Mikael Häggström M.D, CCO 1.0, via Wikimedia Commons
Right: X-Ray of Child’s Hand by eigen, CC BY-SA 4.0, via Wikimedia Commons

Note that the epiphyseal 
plate cartilage is absent 
in the image of the adult 
hand on the left.  

The child’s hand on the 
right has pink and green 
arrows depicting 
epiphyseal plate 
cartilage.  

https://commons.wikimedia.org/wiki/File:X-ray_of_normal_hand_by_dorsoplantar_projection.jpg
https://commons.wikimedia.org/wiki/File:Hand_Altersbestimmung.png


Bone Growth: Remodeling

Bones are remodeled throughout life
▪ In old or damaged bone,  osteoblasts lay new bone to replace that which is resorbed.
▪ Injury, exercise, and other activities lead to remodeling. 
▪ ~ 5 - 10 percent of the skeleton is remodeled annually by remodeling

Bone Regeneration and Remodeling Cycle By Laboratoires Servier,CC BY-SA 3.0, via Wikimedia Commons

https://commons.wikimedia.org/w/index.php?curid=82788463


Learning Objectives:
● Describe the structure of bone matrix at the cellular level 
● List the steps of intramembranous ossification
● List the steps of endochondral ossification
● Explain the growth through elongation and appositional growth
● Describe bone remodeling

Lesson 3: Bone Growth, Repair, and Remodeling Wrap Up


