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soon, the ostecblasts deposit an orderly lamellar arrangement of
collagen (Lawrence, 1995).

Structure of bone:

‘the basic structural unit of bone is the Haversian system or
ostean, which consists of a series of concentric laminations or
lamellae surrounding a central canal approximately 20 pm in
diameter and 3 to 8 mm in length and contains interfacing reticutar
tissue. Osteablasts and osteoclasts in various stages of activity and
a neurovascular bundle.

The central canals run parallel to the long axis of the bone
and are united by communication with the canalicular canaliculae
and by Volkmann's canals which pierce the bone from the outer and
inner surfaces.

The bone is surrounded by periosteum which is made up of
an outer tayer of white fibrous tissue and elastic tissue and an inner
cambium layer which has a losser composition, is more vascular
and contains cells with osteogenic potency. The periosteum serves
as a limiting membrane for bone and is responsible for periosteal
osteogenesis, in which the bone substance is increased by a
process of accertion. It also forms intimate contact for the
attachment of muscles and other structures to establish continuity
throughout the musculoskeletal system. Another fimiting membrane,
the endosteum, lines the surfaces of the cancellous bone {Roger,
1996).

Bone composition:
Bone connective lissue:

Bone connective lissue is composed of an extraceliular
collagenous matrix. The ground substance contains
glucosamineglycans, non-collagenous proteins and minerals. The
bone mineral is mainly calcium hydroxyapalite crystals deposited
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Major fibrifgr coliagen may form Covalent Jink with minor
collagen,

During intracellyjar Synthesis, sach a-chain Precursor goes
through an impact serieg of Post-transitiong] modification (which
include hydroxytation ions of proline and lysine residues ang
glucosylation of hydroxylysine) and is incorporateq into a triple
helical collagen molecule, When the extensions arg r'emoved from

only type-| collagen ang the main collagen afiected g type |
collagen (Roger, 1994).

Non-collagenous Droteins: .
Comprise 10-15% of bone proteins, their' function g

incompletely understood, Some gre involved in the attachment of

femodeling (Herring, 1992).

—
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Bone cells:
Cell biclogy of bone:

The lineages of pone-forming cells (osleoblasts) and bone
resorbing cells (osteoclasts) probably become separate early inthe
development. Their function is controtled by a complex system of
intracetiutar signals that involve not only systemic calcium regulating
and growth regulating hormones put also tocal factors.

Bone disease occurs when there is an imbalance pbetween
the functions of forming and resorbing cells. Thus accelerated
resorplion and diminished formation gxacerbate decreased bone
mass in 0sleoporosis: Excessive bone mass 0CCurs pecause bone
resorption 18 impaired as in congenital osteopelrosis. or because
formation is excessive as in virally induced Anion osteopetrosis and
in Paget's disease of the bone (Fn'edenstein et al., 1992).

Types of bone cells:
1. Ostegblasts:

The osteoblast is a highly specialized bone Mmalrix
synihesizing cell, itis derived from precursor cells in the periosteum
or the stroma of the bone marow called determined osteaprogenitor
cells (Friedenstein et al., 1992). Osteobtast has 2 central eccentric
nucleus and abundant rough endoplasmic reticulum.

There is alsc @ high tevel of alkaline phosphatase, where
vesicles containing amorphous calcium phosphate may also be
present. The cells are connecled togsther and to the process of
subjacemt osteocytes bY gap junctions- Inactive bone gurfaces are
tined by 2 monolayer of fattened cells which histotogically are
resiing osteoblasts- The osteoblasts are responsible for the
syn’thes'ls of the major proteins of bone including type-! collagen and
the non-coliagenous proteins of bone such 55 osteocalcin (bone Gla
protein) and osteonectin. The cells aré also involved 10 the

Ce [
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mineralization of bone and produce the enzyme alkaline
phosphatase which may be important for this process.

Recent evidence suggests that osteoblast plays a central role
in controliing osteoclaslic funclion. The osleoblasts and not the
osleoclasts have a specific surface receplors for agents which
stimulale bone resorption such as 1,25 dihydroxy vitamin D3 and
parathyroid hormone (Roger, 1996).

Osteoblasts may trigger bone resorption in the remodeling
process. This activation slep may involve shape changes oOr
secretion of collagenase and related metaloproteins and
plasminogen aclivator which is a proteolytic enzyme. They also
secrete autocrine faclors as prostaglandins and bone derived growth
tactors (Aflan et al., 1991).

2. Osteoclasts:

Osleoclasts resorb bone and calcified cartilage. These large
multinucleated cells are formed by the fusion of mononuclear
precursors. Osteoclasts presumbly are derived from a hematopoietic
stem cells rather than from the mesenchymal precursors of the
osleoblast. The osteoclast cell line is refated 1o the
monocyie-macrophage lineage (Suda, 1992).

Osteoclasts are large usually multinucleated cells which
contain abundant mitochondria, many lysosomes and little rough
endoplasmic reticulum. The unique feature of the osleoclast is the
ruffied border that is surrounded by clear zone which functions io
attach the osleoclast to the bone and isolate the rufled border from
the extraceliutar fluid (Zaidi et al., 1993).

Osieoclasts are fich in acid phosphatase as well as other lys-
osomal enzymes and in carbonic anhydrase that facilitales hydrogen
ion secretion. Hydrogen ions are important not only in mobilizing
minerals but also in activating lysosomal enzymes that can degrade
all components of bone malrix (Chatterjee et al., 1993).
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The other important features of osteoclast are the attachment
apparalus which involves vitronectin receptors that can bind a
variety of proteins containing Arg-Gly-Asp sequences (Helfrich,
1992).

3. Osleocytes:

Osleocyies are the ostecblasts that are incarcerated in the
matrix which they secrete and become buried deep within the bone.
These osieocytes have long processes through which they maintain
contact with each other and with the superficial bone lining cells
(Roger, 1996).

4. Other cell types in bone:

1. Macrophages: may be found at resorption sites after the initial
removal of bone osteoclasts. They may remove residual matrix that
has not been completely digested because they can secrete
collagenous as well as lysosomal enzymes. Macrophages also may
be source of interleukin-I (IL.-1) and prostaglandin E2 (PGE2)
(Chatterjee et al., 1993).

2. Lymphocytes: may play a role by secreling local regulators,
somatomedin or insulin like growth factor | {(IGF-1) which is a potent
stimulator for bone growth.

3. Mast cells: are found adjacent to resorbing bone and can
produce heparin (Chatterjee et al, 1993).

Modeling and remodeling of the bone:

The term modeling refers to the process by which bone grows
and alters its shape through resorption and formation at different
sites. For example, the long bones enlarge by periosteal formation
and endosteal resorption. As they lengthen, the large amount of
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bone formed at the growth plate is resorbed to maintain a hollow
tubular structure.

The term remodeling refers lo the process in which resorption
is followed by formation at the same site, hence the two processes
are "coupled”. This process is important for the overall health and
functional integrity of skeletal tissues as well as for the metabolic
responses of the bone mineral reservoir. In large mammals, the
cortical bone is remodeled by the development of the Haversian
sysiem of osteons.

These struclures are formed by osteoclastic removal of a
cylinder of bone. Behind these osteoclasts, are a vascular loop and
_ mesenchymai cells that differentiale into osteoblasts and form
concentric lamellae of new bone around the central vascular canal
(Martin, 1992).

Remodeling of trabecular bone surface occurs as follows:
Osteoclasts excavale scalloped areas called Howship lacunae which
are then replaced by packeis of new lameliar bone !aid down by
osteoblasts (Raize, 1992).

Chemisiry of bone:

Bone is made up of organic and inorganic materials and
water (fig. 1).

[
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BONE CELLS (4%)

MESENCHYMAL PRECURSOR CELLS

{25%) ]
OSTEOBLAST OSTEOCYTE OSTEOCLAST
INTERCELLULAR MATRIX (20%) COLLAGENS
CRYSTALINE — FPROTEINS, PEPTIDES
{HYDROXYAPATITE)
PROTEOGLYCANS
ADULT
INORGANIC {65%} AMORPHOUS -~ LIPIDS
BONE l
AMORPHOUS CALCIUM PHOSPHATE
TRUPPED IONS CITRATE
IN BONE CRYSTALS
FLUORIDE
EXTRACELLULAR SODIUM _
MAGNESTIUM
WATER CELLULAR
(10%)
POTASSIUM

Pig. (1): The composition of bone showing the rela

inorganic to water making up adult bone {Roger, 1596)

tive propertions of organic to
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1. The inorganic components of bone:

The inorganic or mineral component of bone serves two basic
functions:

First, it determines the mechanical properties of bone. The strength
of bone depends on the exact chemical composition, nature and
three dimensional deposition of mineral, while its ability to resist
cyclical loading and to regenerate is due to continuous turnover of
skeletal elements.

Second, bone mineral functions as a reservoir of ions, particularly
calcium and phosphate. In order to perform this function, ions must
be able to be sequeslered or removed from the bone mineral by
_ physiological processes, which implies that the energy changes in
these processes are within the narrow range available to biological
processes (Roger, 1996).

Bone minerals consist largely of hydroxyapatite crystals
(Ca,,(POL)(OH),) together with lransition forms and other minerals
absorbed on the surface (Johansen et al., 1992).

The skeleton contain 99% of body calicium, 90% of
phosphorous, 80% of carbonate, 60% of magnesium and 35% of
sodium. Hydrogen ion is generated when hydroxyapatite is formed
from circulating Ca®* and HPO,* when this hydrogen ion is in
excess, this can be buffered by demineralization of bone and
releasing carbonate and phosphate (Johansen et al., 1992). There
are many bone seeking elements such as aluminum, fluoride, lead
and strontium. Deposition of such elements on the bone protect
other soft tissues from their lethal effect, but is likely to alter bone
cell funclions (Young et al., 1992}. ‘

2. The organic components of bone:
The organic components is made up of osteogenic cells as
described above and the intercellular matrix of bone which consists
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