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Cartilage Templates

Bone is a replacement tissue; that is, it yses a model tissue on which to lay down its
mineral matrix. For skeletal de velopment, the most common te mplate is cartilage
During fetal development, a fr amework is laid down that determines where bhone c, will
form. This framework is a flexible, semi-solid matrix produced by chondroblasts and
consists of hyaluronic acid, chondroitin sulfate, collagen fibers, and water. As the matrix
qunmm‘ds .1T1d isolates chondroblasts, they are called chondrocytes. Unlike mmt‘
connective tissues, cartilage is avascular , meaning that it has no blood vessels supplying
nutrients and removing metabolic wastes. All of these functions are carried on by
diffusion through the matrix. This is why damaged cartilage does not repair itself as

readily as most tissues do.

Throughout fetal development and into childhood growth and development, bone forms
on the cartilaginous matrix. By the time a fetus is born, most of the cartilage has been
replaced with bone. Some additional cartilage will be replaced throughout childhood

and some cartilage remains in the adult skeleton.

Intramembranous Ossification( )ﬂa\ﬁ B”“me{k‘wﬂj

During intramembranous ossification, compact and spongy bone develops directly

from sheets of mesenc 1ymal (uindifferentiated) connective tissue. The flat bones of the

face, most of the cranial bones cranial bones, and the clavicles (collarbones) are formed via

intramembranousféfs_s-ipﬁcation.
The process begins when mesenchymal cells in the embryonic skeleton gather together
and begin to differentiate into specialized cells (Figure 1a). Some of these cells will
differentiate into capillaries, while others will become osteogenic cells and then
osteoblasts. Although they will ultimately be spread out by the formation of bone tissue,

LarIy osteoblasts appear in a cluster Lalled an OSSlﬂcatlon center.

The ostcobldsts secr ete ostemd uncalcified matrix, which calcifies (hardens) within a
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Figure 1. Intramembranous Ossification. Intramembranous ossification follows four
steps. (a) Mesenchymal cells group into clusters, and ossification centers form. (b)
Secreted osteoid traps osteoblasts, which then become osteocytes. (¢) Trabecular
matrix and periosteum form. (d) Compact bone develops superficial to the trabecular
bone, and crowded blood vessels condense into red marrow.

Intramembranous ossification begins in utero during fetal development and continues
on into adolescence. At birth, the skull and clavicles are not fully ossified nor are the
sutures of the skull closed. This allows the skull and shoulders to deform during passage
through the birth canal. The last bones to ossify via intramembranous ossification are
the flat bones of the face, which reach their adult size at the end of the adolescent

growth spurt.
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Figure 2. Endechondral Ossificetion. Endochondral assification follows five steps. ()
Mesenchymal cells differentiate into chondrogytes. (h) The cartilage model of the future
bony skeleton and the perichondrium form. (¢) Capiliaries pemetrate cartiiage.
Perichondrivm transforms into periosteum. Periosteal collar develops. Primany ossification
center develops. {d) Cartilage and chondrocytes continue to grow at ends of the bome. (@)
Secondary ossification centers develop. (f) Cartilage remains at epiphyses] (growth) plate

and at joint surface as articular cartilage.

As more matrix is produced, the chondrocytes in the center of the cartilaginous model
w in size. As the matnix calcifies, nutrients can no longer reach the chondrocytes.
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How Bones Grow in Length

The epiphyseal plate is the area of growth in a long bone. It is a layer of hyaline cartilage

where ossification oceurs in immature bones. On the epiphyseal side of the epiphyseal
plate, cartilage is formed. On the diaphyseal side, cartilage is ossified, and the diaphysis
grows in length. The epiphyseal plate is composed of four zones of cells and activity
(Figure 3). The reserve zone is the region closest to the epiphyseal end of the plate
and contains small chondrocytes within the matrix. These chondrocytes do not

participate in bone growth but secure the epiphyseal plate to the osseous tissue of the
epiphysis.
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Figure 3. Longitudinal Bone Growth. The epiphyseal
plate is responsible for longitudinal bone growth.

The proliferative zone is the next layer toward the diaphysis and contains stacks of
slightly larger chondrocytes. It makes new chondrocytes (via mitosis) to replace those
that die at the diaphyseal end of the plate. Chondrocytes in the next layer, the zone of
maturation and hypertrophy, are older and larger than those in the proliferative
zone. The more mature cells are situated closer to the diaphyseal end of the plate. The
longitudinal growth of bone is a result of cellular division in the proliferative zone and
the maturation of cells in the zone of maturation and hypertrophy.

Most of the chondrocytes in the zone of calcified matrix, the zone closest to the
diaphysis, are dead because the matrix around them has calcified. Capillaries and
osteoblasts from the diaphysis penetrate this zone, and the osteoblasts secrete bone
tissue on the remaining calcified cartilage. Thus, the zone of calcified matrix connects
the epiphyseal plate to the diaphysis. A bone grows in length when osseous tissue is

added to the diaphysis.







