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Objective
z What Are We Doing???

{ Gain Knowledge Of Growth Plate
z Purpose
z Composition
z Changes during calcification

{ Make Implant That Mimics Growth Plate Activity
z Implant induces bone growth 
z Establish extracellular matrix outside the body

z Why???
{ One surgery is better than two!
{ Medical procedures become more efficient

z How Will It Be Done???
{ Image analysis will be preformed to identify crucial features in the 

Growth Plate
z Mineralization spots
z Specific proteins, proteoglycans, glycoproteins, enzymes



The Growth Plate?

• What Is It????
• Area of cartilage that 

calcifies as bone matures 

• Functions???

• Linear bone growth
• Length and shape 

determination
· Where???

· At the end of bones
· Components???

· Cells, biopolymers, 
enzymes, mineral

· How???
· Arises from embryonic 

bones
http://clem.mscd.edu/~raoa/skelsys/sld021.htm



· The main biological function of the Growth 
Plate is to promote bone elongation.

· Skeletal growth depends on growth plate 
activity.
· Matrix synthesis by chondrocytes

· Endochondral Ossification (EO) is bone 
formation within a cartilage model.

Biological Functions of the Growth Plate



Where is the Growth Plate located?

Each long bone has 
at least two growth 
plates: one at each 
end. The Growth 
Plate is located 
between the 
epiphysis (spongy 
bone) and the 
diaphysis.

http://clem.mscd.edu/~raoa/skelsys/sld021.htm



Components of the Growth Plate
1. Components

a) Cells

b) Collagen

c) Aggrecan

d) Noncollagenous

i. Proteins

ii. Enzymes

iii. Glycoproteins

iv. Proteoglycans

e) Minerals

i. Substituted Non-stoichiometric Hydroxyapatite

ii. Mineral Ions



Components of the Growth 
Plate:Cells 

Osteoclasts are responsible for 
the resorption of bone 

(destruction of the matrix).

Osteoclasts

cells formed by osteogenic cells 
that secreting matrix, 

collagen fibers, and other 
proteins

Osteoblasts

maintain matrix and induce 
cartilage calcification 

Chondrocytes

Objective of CellName of Cell



Components of the Growth Plate:
Collagen

DescriptionCollagen Type

Integrated into the interior of type II collagen fibrils 
whose function is still not known

Type XI Collagen

Non-fibril forming collagen with restricted tissue 
distribution within the hypertrophic calcifying region of 

growth plates. May play a role in mineralization of 
cartilage calcification, however, this remains unproven

Type X Collagen

Non-fibril forming collagen associated with exterior of 
type II collagen molecules

Type IX Collagen

major collagen found in cartilageType II Collagen

replaces Type II Collagen after endochondral
ossification

Type I Collagen



Components of the Growth Plate:
Aggrecan

Aggrecan:  a large 
proteoglycan
composed of 
approximately 90% 
chondroitin sulphate
chains. The primary 
role of aggrecan is to 
bring about an osmotic 
swelling and it 
maintains the high 
levels of hydration in 
the cartilage 
extracellular matrix . http://www.glycoforum.gr.jp/science/hyaluronan/HA05/HA05E.

html#VIII



Components of the Growth Plate:
Noncollegenous

Increases local [P]/ required in the calcification 
process

Alkaline Phosphatase

Inhibitor in some cases, no effect in othersChondrocalcin

Nucleator specific to boneBone sialoprotein

found in cartilage and bone and serves as a nucleator, 
inhibitor, and regulator that associates with type I 

collagen

Biglycan

Inhibitor in bone matrixFetuin( -2HS 
glycoprotein)

a protein manufactured by the liver which acts as 
a nucleator

Albumin

PurposeProtein, Enzyme, 
Proteoglycan, 
Glycoprotein



Cont. Components of the Growth Plate:
Noncollegenous

Inhibitor in bone matrixMatrix gla-protein

PurposeProtein, Enzyme, 
Proteoglycan, Glycoprotein

In some cases nucleator, in others 
no effect

MV nucleational
core(CPLX+proteins)

Promoter in bone matrixMilk-osteopontin

Promoter/ InhibitorOsteopontin

Nucleator/ InhibitorOsteonectin

Inhibitor/ recruits osteoclastsOsteocalcin

In some cases inhibitor, in others 
no effect

Decorin



Components of the Growth Plate:
Substituted Nonstoichiometric

Hydroxyapatite [Ca10(PO4)6(OH)2]
·Crystals make up the inorganic component of 
bone.
· About 90% located between and around 
collagen fibres. 
·Made up of specific crystals of calcium and 
phosphate. 
·Fluid Ca-P compounds in the matrix are 
transformed to HAp.
·Crystals not needle- or rod-like. Instead, they 
are long, thin, rectangular plates that are 
significantly larger than those of bone.
·Crystal sizes range from 15-100 nm (measured 
directly from electron micrographs)….10-36 nm 
(measured by diffraction methods).
·More organized atomic organization and higher 
degree of crystallinity than that of carbonate.

www.sci.qut.edu.au/aemf/semimag.htm



Components of the Growth Plate:
Mineral Ions

·Calcium (Ca2+)

·Magnesium (Mg2+)

·Sodium (Na+)

·Potassium (K+)

·Strontium (Sr2+)

·Phosphorus (P3-)

·Carbonate (CO3
2-)

·Chloride (Cl-)

·Fluoride (F-)



Zones of the Growth Plate: 
From an Uncalcified to Calcified 

Microstructure
The Growth Plate has 

5 zones where the 
cells change from a 
calcified state to an 
uncalcified.

1. Zone of Reserve 
Cartilage

2. Zone of 
Proliferation

3. Zone of 
Hypertrophy

4. Zone of 
Calcification

5. Bone of Diaphysis

http://clem.mscd.edu/~raoa/skelsys/sld021.htm



Examples of Changes in the ECM 

Alini M., Matsui Y., Dodge G.R., Poole 
A.R., The Extracellular Matrix of Cartilage 
in the Growth Plate Before and During 
Calcification: Changes in Composition and 
Degradation of Type II Collagen, Calcified 
Tissue International, 1992, 50: 331



™So What Now???

™We want to develop an implantable biomaterial that 
activates the body to grow new bone. So what better 
model material than the growth plate?

™What’s The Plan???

™Structure/Function relationship in biology, i.e. the 
microstructure dictates the function, so to create an 
implant that mimics the Growth Plate then we must 
first understand the microstructure of the growth 
plate. 

™How???

™We are in the process of developing image 
analysis techniques to retrieve quantitative 
microstructure data from images.

Current Developments



.

There is a sizable number of Growth Plate microstructure 
micrographs in the literature, however, there is not much 

quantitative analysis of these images.

Poole A.R., Matsui Y., Hinek A., Lee E.R., Cartilage 
Macromolecules and the Calcification of Cartilage Matrix, 
Anatomical Record, 1989, 224: 174

Poole A.R., Matsui Y., Hinek A., Lee E.R., Cartilage 
Macromolecules and the Calcification of Cartilage Matrix, 
Anatomical Record, 1989, 224: 173

Lee E.R., Smith C.E., Poole A.R., Ultrastructural 
Localization of the C-Propeptide Released from Type II 
Procollagen in Fetal Bovine Growth Plate Cartilage, J of 

Histochemistry and Cytochemistry, 1996, 44(5): 442

Lee E.R., Smith C.E., Poole A.R., Ultrastructural 
Localization of the C-Propeptide Released from Type II 
Procollagen in Fetal Bovine Growth Plate Cartilage, J of 

Histochemistry and Cytochemistry, 1996, 44(5): 440



Progress with Sample Colloidal Gold 
Pictures: Concentric Shell Analysis

Initial Images from Reindeer Graphics, Inc., Gold 1, Quantitative 
Image Analysis



Future Developments

z Use Tessellation Analysis Method
{ Helps to better understand overall structure of 

extracellular matrix

z Improve Current Methods of Analysis
{ Procedure for counting marks
{ Understanding Concentric Shell Analysis data
{ Work on more complex images

z Biomaterial Implant



Tutorial For Image Analysis Software

We have produced a tutorial on how to use 
the image analysis to further understand 
the procedure which must be followed to 

use this software and also to have as 
reference to others who may be interested 

in using it.
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