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Figure 7.1. Molecular structure of the ground substance of hyaline cartilage.
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Amount in bone as

Composition of Bone percentage of the total
amount in the body

Calcium 39% Calcium 99%

Potassium 0.2%
Sodium 0.7%
Magnesium 0.5%

Potassium 4%

Sodium 35%
Organic A S
compounds arbonate 8. ‘
(mostly collagen) Magnesium 50%
33% Phosphate 17%
i Carbonate 80%

Total inorganic
components  67% Phosphate 88%
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Osteocyte: Mature bone

cell that maintains the
bone matrix

Osteoclast  Matrix

Osteoblast: Immature bone
cell that secretes organic
components of matrix

Osteoprogenitor cell: Stem
cell whose divisions produce
osteoblasts

Osteoclast: Multinucleate
cell that secretes acids and
enzymes to dissolve bone
matrix

(a) Cells of bone
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Figure 8.8. Photomicrograph of growing
bone spicules stained with Mallory-Azan.
X550.
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Intermediate, or
interstitial, lamellae

First-generation Second-generation Third-generation
haversian system haversian system haversian system

Figure 8—12. Schematic view of diaphyseal bone remodeling. Three generations of Haversian systems are shown. At right,

the contribution of first and second generation Haversian systems to the formation of intermediate or interstitial systems
can be seen.
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Step 3: Over time, the bone
assumes the structure of

Step 1: Mesenchymal cells aggregate,
differentiate into osteoblasts, and begin the
ossification process. The bone expands as
a series of spicules that spread into
surrounding tissues. (LM > 32)

Step 2: As the spicules spongy bone. Areas of
interconnect, they trap spongy bone may later be
blood vessels within removed, creating marrow
the bone. (LM x 32) cavities. Through
remodeling, spongy bone

AL

formed in this way can be
converted to compact bone.
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Enlarging
chondrocytes within
calcifying matrix

Hyaline cartilage
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Step 1: As the cartilage
enlarges through
appositional and interstitial
growth, chondrocytes near
the center of the shaft
increase greatly in size. The
matrix is reduced to a series
of small struts that soon
begin to calcify. The
enlarged chondrocytes then
die and disintegrate, leaving
cavities within the cartilage.

Step 2: Blood vessels
grow around the edges
of the cartilage, and

the cells of the
perichondrium convert
to osteoblasts. The shaft
of the cartilage then
becomes ensheathed

in a superficial layer

of bone.

Step 3: Blood vessels
penetrate the cartilage
and invade the central
region. Fibroblasts
migrating with the blood
vessels differentiate into
osteoblasts and begin
producing spongy bone
at a primary ossification
center. Bone formation
then spreads along the
shaft toward both ends.

. SEE
AN Figure 5.9
Ll '.. et WL |
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Step 4: Remodeling occurs
as growth continues,
creating a marrow cavity.
The bone of the shaft
becomes thicker, and the
cartilage near each
epiphysis is replaced by
shafts of bone. Further
growth involves increases
in both length (Steps 5-6)
and diameter (Fig.5.9).

(a) Steps in endochondral ossification



Hyaline cartilage

Epiphysis < 4

Step 5: Capillaries and
osteoblasts migrate into
the epiphyses to create
secondary ossification
centers.

Step 6: Soon each
epiphysisis filled with
spongy bone. An
articular cartilage
remains exposed to
the joint cavity; over
time it will be reduced
to a thin superficial
layer. At each
metaphysis, an
epiphyseal cartilage
separates the
epiphysis from the
diaphysis.

Epiphyseal Cartilage cells
carlilage matrix undargoing division

Marrow cavity Dsteablasts Ortendicl
(b) Light micrograph of an epiphyseal cartilage

Zone of
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Zong of
hypertrophy
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