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BONE STRUCTURE AND 
DEVELOPMENT 

 
Lecture outline 
Bone as a tissue 
Osteocyte processes and canaliculi 
Bone structure 
Bone as an organ 
Bone development 
 In membrane 
 In cartilage 
Timing of ossification 
Endochondral bone formation 
Epiphyses 
Cartilage growth plates 
Bone Remodelling 
Bone healing 
Bone remodelling during life 
 
Stress and strain in bone 
 
Readings (copies in 304 readings box): 
Grants method of anatomy – Locomotor systems 
Primary anatomy – Skeletal system 
Lasts anatomy – Introduction to Regional anatomy 
Tissues of the body by Le Gros Clark - Bone 
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BONE AS A TISSUE 
 
Bone is a living dynamic tissue with very rich blood supply. 
 
Bone is a connective tissue 
 Cells = Osteocytes 
 Matrix = fibers and ground substance 
  Fibers are mostly collagen 
  Ground substance is a mineral Hydroxyapatite 
 
Osteocytes produce the fibers 
and the ground substance and 
thus imprison themselves in 
lacunae 
 
However the cells are 
connected to each other by 
tiny processes that are inside 
the canaliculi. 
 
Bone is a composite material 
whose strength is provided by 
the two elements – Fibers and 
Mineral. 
The fibers are strong in tension 
but weak in compression 
The mineral is strong in compression but weak in tension 
 
Consider the analogy with reinforced concrete where the steel 
provides the tensile strength and the concrete the compressive 
strength – together this combination is much better than the 
properties of either. 
 

Haversian systems 
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 OSTEOCYTE PROCESSES AND 
CANNALICULI 

 
All the 
osteocytes 
are 
interconnect
ed by their 
processes 
that lie in the 
canaliculi. 
 
 
 
 
 
 
Owing to the fact that the 
bone matrix is a solid 
mineral, the cells cannot get 
nutrition via the extracellular 
fluid by diffusion. 
Thus it seems likely that the 
processes and canaliculi are 
concerned with nutrition of 
the osteocytes. 
However, we should bear in 
mind that this network of 
interconnected cells may 
serve other functions and the 
physiology of bone. 
 
Like what? 
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MORE BONE STRUCTURE 
 

Within compact bone there is considerable organisation. 
 
The surfaces have 
outer and inner 
circumferential 
lamellae (layers) 
 
The deeper parts are 
comprised of 
Haversian systems, 
that have an artery 
running through the 
central canal 
surrounded by 
concentric rings of 
bone and osteocytes.  
You can see between 
the whole circles there are many fragments of circles 
(interstitial lamellae).  These demonstrate the continuing 
turnover of bone as osteoclasts remove and recanalise bone 
and make space for the formation of new Haversian systems. 
 
There are a lot of blood vessels entering the bone 
The periosteum is attached to the bone by numerous fibres 
that pierce the bone.  These Sharpies fibres not only hold the 
periosteum down but also permit the attachment of muscles 
and tendons to the bone 
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BONE AS AN ORGAN 
 

A bone, as an organ, contains a number of tissues. 
1. The bone tissue 
2. The articular cartilage 
3. The periosteum (covers regions not covered by articular 
cartilage) 
 Fibrous layer 
 Cellular (osteogenic) layer 
4. The blood vessels that pass 
throughout the bone 
5. Endosteum that lines the spaces 
inside the bone 
 Also with fibrous and cellular 
components 
6. The marrow that fills the spaces 
inside the bone 
 Yellow (fatty) marrow in the 
big cavities 
 Red (haemopoitic) marrow in 
the spongy parts 
 
 
Epiphysis 
Diaphysis 
Metaphysis 
 
Compact bone and medullary 
cavity in the shaft 
Spongy / trabecular / cancellous 
bone at the ends 
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BONE DEVELOPMENT 
Bone can form by two mechanisms: 
 
Intramembranous ossification is where bone forms directly 
within a connective tissue sheet.  The best examples are the 
bones of the cranial vault.  However this is also the 
mechanism of formation of the clavicle and dermal armour 
bone found in some animals. 
 
Endochondral ossification occurs where a cartilage precursor 
of the bone is formed during embryonic development and 
then, starting from the beginning of the fetal period, 
ossification begins in cartilage. 

1. First blood vessels invade the shaft and a collar of bone 
develops around the shaft 

2. Next primary ossification centres appear in the shafts of 
long bones. 

3. Usually after birth secondary ossification centres appear 
in the epiphyses at the ends of bones 
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TIMING OF OSSIFICATION 
 
Most large bones develop a 
primary ossification center 
at about 13 weeks gestation 
 
 
 
 
 
 
 
 

Some small bones do not 
begin ossification until after birth. 
Eg.  The carpal bones have a clear 
sequence that can be used to 
estimate the age of children’s 
skeletons. 
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ENDOCHONDRAL BONE FORMATION 
 

 
Bone formation (intramembranous or endochondral) is always 
accompanied by the ingrowth of blood vessels 
 
Cartilage is converted to bone at the growth plate in 5 stages. 
 

1. Hypertrophy – the cartilage grows rapidly and the 
chondrocytes line up in columns that point in the 
direction of growth. 

2. Calcification of cartilage matrix 
3. Death of chondrocytes 
4. Replacement of calcified cartilage by bone 
5. Remodelling of the new bone 
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EPIPHYSES 
 

Pressure epiphysis 
 These are the common type and they 
occur at the ends of long bones.  The 
name suggests that they form as a result of 
the pressure that they receive from the 
joints surfaces that they bear. 
Traction epiphysis 
 These are found in at the attachment 
sites of strong muscles (Eg. Greater 
trochanter, tibial tuberosity) 
Atavistic ephyphsis 
 Appear at sites where homologous 
bones existed during evolution (Eg. The 
subcoracoid element of the scapula, has 
no significance in humans and the 
epiphysis soon fuses with the rest of the 
scapula, but in reptiles it develops into a 
large ventral component of the shoulder 
girdle)  

 
Timing of epiphyseal closure 
The ages at which the epiphyses close are well documented 
and can be used to (fairly) accurately age the bones of 
individuals up to the age of about 25 years… 
 
Long bones usually have a growing end and a slower growing 
end.  The growing end epiphysis usually appears earlier and 
closes later  (There also sex diffences). 
Most epiphyses close by the adulthood and after that time 
endochondral bone growth ceases.  Long bones do not get any 
longer and the person doesn’ t get any taller 
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BONE REMODELLING 
Surface resorbtion and deposition 
After adulthood is reached and no more endochondral growth 
can occur.  Bone can only grow by addition of material to the 
surfaces. 
 
 
Osteoblasts (blast = build) deposit bone on sur faces 
These are the same cells as the osteocytes that are found in the 
lacunae.  They secrete bone matrix and when they have 
enclosed themselves they change to the resting osteocyte 
phase. 
Osteoclasts (clast = break) resorb bone at sur faces 
Osteoclasts are large multinucleated cells that sit on the 
surface of bone.  When activated they attach to the surface 
with tight junctions around the periphery and secrete 
chemicals that digest bone matrix. 
 

Some growth occurs 
primarily through 
remodelling. 
Eg. 1. Long bones 
increase their diameter 

2. Cranial bones 
change their curvature. 
Osteoclasts remove bone 
from the inner (endosteal) 
surfaces and Osteoblasts 
deposit bone on the outer 
(periosteal) surfaces. 
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BONE HEALING 
 
When a bone is injured, stem cells in the periosteum and 
endosteum (the cellular - osteogenic layer) give rise new 
osteoblasts and osteoclasts that repair the bone.   

1. Blood vessels grow into the region 
2. The osteoblasts form new bone that rejoins the bones. 
3. They create an excess of bone around the fracture site. 
4. Later osteoclasts reduce that callous to return the bone to 

close to its original shape. 
 
Initially the new bone at the fracture site is “woven bone” .  It 
has an irregular arrangement of collagen fibres and osteocyte 
lacunae.  But gradually the woven bones is absorbed and 
replaced by organised bone with Haversian systems and 
surface circumferential lamellae. 
 
The organised bone is stronger than the woven bone because 
its structure is arranged to maximise strength and resistance to 
the kinds of loading that it receives.  
 
 
 
 
 
 

12 

BONE REMODELLING DURING LIFE 
 

 
If you reduce the loads on bones, then they will get thinner. 

People lose bone during periods of weightlessness (Eg. 
astronauts, people confined to their bed or wheelchair) 

 
If you increase the loads, then you increase bone mass and 
density. 

Astronauts regain bone when they return to earth’s 
gravity.  Sports people in asymmetric sports have left 
right differences in the their bone sizes and densities 

 
Some people develop extra sesamoid bones in their tendons 
(Eg. Gastrocnemius and flexor policis longus) 
 

SO BONES ARE DYNAMIC 
THEY HAVE A RICH BLOOD SUPPLY AND ARE 

CONSTANTLY BEING REMODELLED. 
 

THEY RESPOND TO DIFFERENT LOADING 
CONDITIONS AND THEY REPAIR THEMSELVES TO 

REFORM THE ORGINAL SHAPE. 
TRABECULAE REALIGN THEMSELVES TO 

ACCOMMMODATE MODIFIED LOADING PATTERNS 
 

 
 


