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Stages of Endochondral Ossification

Hyaline
cartilage

4
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'/ ossification
center

/ " Bone
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internal cavities
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and spongy
bone formation.

plate

@Formation of the

medullary cavity as
ossification continues;
appearance of
secondary ossification
centersin the
epiphyses in

preparation for stage 5.

Epiphyseal

cartilage

Secondary Arti
rticular
ossification cartilage\ —
center X PPL
Spongy —: A
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@ Ossification of the
epiphyses; when
completed, hyaline
cartilage remains
only in the
epiphyseal plates
and articular
cartilages

Figure 6.8
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Endochondral Ossification
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Endochondral Ossification
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Endochondral Ossification
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OxTI KH ANATNTY=H META

A Growth in length of long bones

A Cartilage on the side of the epiphyseal plate clos
to the epiphysis Is relatively inactive

A Cartilage abutting the shaft of the bone organizes
Into a pattern that allows fast, efficient growth

ACells of the epiphyseal plate proximal to the restir
cartilage form three functionally different zones:
growth, transformation, and osteogenic



ZQNEZ ANATITY=ZH2Z TQN M,

A Growth zonei cartilage cells undergo mitosis,
pushing the epiphysis away from the diaphysis

A Transformation zonei older cells enlarge, the
matrix becomes calcified, cartilage cells die, and t
matrix begins to deteriorate

A Osteogeniczonei new bone formation occurs
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form columns
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' |- Ossification

(osteogenic) A b Blood vt
Zohe

*spiky calcified cartilage reshapes into spongy bone, converted
into medullary cavity or compact bone later as bone grows.
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Lona Bone Growth and remodelina

Growth

Bone grows in
length because:

(1) cartitage

grows here

@ Cartilage

replaced by
bone here

@ Cartilage

grows here

@ Cartilage

replaced by
bone here

Articular
cartilage
‘_ Remodeling
|

R Growing shaft
l-"\\‘ . is remodeled by:

4
Ep'phyml | ¢ @ Bone
(, added by
| appositional
! growth here

I_>: | (3) Bone

i resorbed
here

Figure 6.10



Appositional Growth of Bone

Central canal of osteon

Periosteal ridge

Artery Periosteum Penetrating canal

@Osteobllasts beneath @As the bony ridges @ The periosteum @As the osteoblasts

the periosteum enlarge and meet, lining the tunnel is beneath the endosteum

secrete bone matrix, the groove transformed into an form new lamellae, a new

forming ridges that containing the endosteum and the osteon is created.

follow the course of blood vessel osteoblasts just Meanwhile new

periosteal blood becomes a tunnel. deep to the tunnel circumferential lamellae

vessels. endosteum secrete are elaborated beneath
bone matrix, the periosteum and the
narrowing the canal. process is repeated,

continuing to enlarge
bone diameter.

Figure 6.11
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A lnitially promote adolescent growth spurts

A Cause masculinization and feminization of specifi
parts of the skeleton
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O2T1 KH ANAKATA2

Remodeling units

A adjacent osteoblasts and osteoclasts deposit and
resorb bone at periosteal amadosteasurfaces
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A Osteoid searm unmineralized band of bone matrix

A Calcification fronti abrupt transition zone betweel

——the osleodseam and the older mineralized bone
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Normal Bone Remodeling

Bone remodeling

resting state resting state
, mineralization
resorption formation
reversal
bone-ining ceail
/ |
bone-lining cell |
osteoclast  osteoblast | new bone
osteocyte |
v| ;’
\ l . ‘
mononuciear |
' ‘
cell / \ |
\ | cement line
‘ -\"
l
‘ !
k !
I

l old bone



http://www.youtube.com/watch?v=pVvGMc5c3b0
http://www.youtube.com/watch?v=pVvGMc5c3b0
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: , Yao Defen, gigantess currently in
= L e treatment for pituitary tumor in China.
Robert Wadl ow, worl d’s7{t7a'rl‘che§?é9§lbsman 8 ft
11 inches
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Hormonal Mechanism

Calcitonin Calcitonin
stimulates
calcium salt
deposit
in bone

{,—TherId
i gland

3

'/
Rising blood T %'6%
Ca?* levels o

CCaldum homeostasis of blood 9-11 mg/100 mD

Falling blood

'%1'%’ 1 Ca?* levels

A Y
s el |

glands
Osteoclasts Parathyroid
degrade bone PTH glands release

matrix and release parathyroid

Ca?* into blood hormone (PTH)




Response to Mechanical Stress

AWo | f f 6 a&boreagraws or remodels in respons
to the forces or demands placed upon it

AObservations supportin

ALong bones are thickest midway along the shaft
(where bending stress Is greatest)

ACurved bones are thickest where they are most
likely to buckle



Response to Mechanical Stress
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Response to Mechanical Stress

Load here
(body weight)

Head of
femur
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Stages in the Healing of a Bone Fracture

A Hematoma formation

- A Hematoma
ATorn blood vessels j \
hemorrhage |

A A mass of clotted
blood (hematoma)
forms at the fracture
site

A Site becomes
swollen, painfUL and (1) Hematoma formation
Inflamed




Stages in the Healing of a Bone Fracture

A Fibrocartilaginous
callus forms

External
callus

A Granulation tissue
(soft callus) forms
a few days after

N
the fracture e
Internal vessels
- . . Il
A Capillaries grow (fbrous
. _ ( ; )
into the tissue and  ¢;jiiage) Spongy
phagocytic cells trabeculae
begln Cleanlng @ Fibrocartilaginous
debris callus formation



Stages in the Healing of a Bone Fracture

A The fibrocartilaginous callus forms when:

A Osteoblasts and fibroblasts migrate to the fractur
and begin reconstructing the bone

A Fibroblasts secrete collagen fibers that connect
broken bone ends

A Osteoblasts begin forming spongy bone

A Osteoblasts furthest from capillaries secrete an
externally bulging cartilaginous matrix that later
calcifies



Stages in the Healing of a Bone Fracture

A Bony callus formation

ANew bone trabeculae

appear in the
fibrocartilaginous callus

Bony
callus of

spongy
bone

A Fibrocartilaginous callus
converts into a bony (hard)

callus

ABone callus begins-3
weeks after injury, and
continues until firm union  ®Bony callus
is formed 23 months later rermation




Stages in the Healing of a Bone Fracture

A Bone remodeling

A Excess material on
the bone shatft
exterior and in the
medullary canal Is
removed Healing

fracture

A Compact bone is
laid down to
reconstruct shaft
walls

@ Bone remodeling



Return to

Intramembrane P e rl OSte u m
Ossification (review)
Endosteum
- = /?‘ Inner layer:
; osteogenic stem
( cells that
Zg'r:g‘%arrow m | differentiate (specialize)
Outer layer: e oy Into bone cells like
. Compact bone N
protective, S =54 osteoblasts (bone
fibrous dense _ o] forming) OF
. Perforating
irregular (Sharpey's) M \ osteoclasts (bone
connective Nutrient F dissolving) cells.
. arteries
tissue ®

Periosteum: double-layered membrane on
external surface of bones




