Ortho 656
Study Guide Lecture 1 
January 13, 2004


Principles of Growth & Development


The outline for this section was basically the outline given at the front of the chapter so I just outlined the reading.  The figures are important for visualizing the growth patterns I think.

1)  Concept of Growth - somatic and craniofacial
Pattern of growth - variability and timing (refers to the changes in spatial proportions over time) See figure 2.1 p. 25

* Growth in size, shape, and position

* Differential Growth (Cephalocaudal gradient of growth: there is an axis of increased growth extending from the head toward the feet)
Important aspect of pattern is predictability.


Proportional relationships within a pattern can be specified mathematically and the only difference between a growth pattern and a geometric one is the addition of a time dimension.  Change denotes an alteration in the predictable pattern of mathematical relationships.  Therefore, change in growth pattern indicates alteration in expected changes in body proportion.

2) Prenantal Craniofacial Development

a. Timing and Sequencing of critical events

· Prenatal events occur at different times and effect postnatal growth and development
· In the human embryo
· stomatodeum is present at 6wks
· the Median & Lateral Nasal Processes and the Maxillary Process are present at 8wks
Skeletal growth:

See figure 2.18

The height of cartilaginous skeletal development occurs during the 3rd month of intrauterine life.  A continuous plate of cartilage extends from the nasal capsule posteriorly all the way to the foramen magnum at the base of the skull.

During the 4th month in utero, there is an in-growth of blood vascular elements into various points of the chondrocranium.  These points become centers of ossification, at which cartilage is transformed into bone, and islands of bone appear in the sea of surrounding cartilage.  They become the bones of the skull with areas of cartilage interposed between.  Growth at the cartilaginous connections is like growth in the limbs.

Notes:

The mandible begins as a condensation of mesenchyme just lateral to Meckels cartilage and proceeds entirely as an intramembranous bone formation.  Figure 2.21.

The condylar cartilage develops separately – early in fetus life, it fuses with the developing mandibular ramus.

The maxilla forms initially from a center of mesenchymal condensation in the maxillary process.  However the pre-maxilla cartilage, unlike the mandibular condylar cartilage, is entirely replaced by bone well before birth.

b. The consequences of abnormal development

· Cleft Lip and/or Palate (Bilateral or Unilateral)
· Derivatives of the primary palate

1. Medial portion of the nose

2. Upper lip

3. Pre-maxilla
c. Genetic basis of syndromic birth defects

· Pierre Robin Sequence
· Micrognathia

· Glossoptosis

· Cleft Palate

d. Craniofacial birth defects (anomalies)
· Malformations (Cleft Lip & Palate)

running together of
· Deformations ( Pierre Robin Sequence)
anomalies = Syndrome
· Disruptions (Amniotic bands)
· Dysplasias (Hemangioma)
· Treacher Collins Syndrome (mandibulofacial dysostosis)

· Combination of  malformation & deformation, & maybe even disruptions

· Autosomal dominant - Treacle Gene

· Variable penetrance and phenotypic expressivity

· Bilateral craniofacial anomalies (abnormal facial growth)
· Derivatives of the first and second brachial arches

· Neural crest cell migration and proliferation does not occur normally

· Microtia or no external ears, deafness (no EAM), inner ear normal, down slanting palpebral fissures, colobma (notching of eyelid)

· Pfeiffer  Syndrome
· Fusion of the cervical vertebrae

· Fusion of coronal sutures occurred pre-natally (so brain could only grow up)

· Difficult to intobate, difficult to get head on headrest
· Craniocynostosis

· Tubular Renal Syndrome

3)  Postnatal Growth and Development

a. Somatic Growth (general growth of the skeleton)
· Normal growth – changes in size, shape, position from prenatal to adult
b. Differential Growth (some parts grow faster than others, some are turned on, some turned off)

· Lymphoid Growth Curve

· Neural Growth Curve

· General Growth Curve Genital Growth Curve

· Mandibular growth follows the neural cephalocaudal gradient, but condylar growth is closer to the somatic (aka general growth curve)

· Maxillary growth follows more the cephalocaudal growth)

4)  Normal Biologic Variation

Growth and Development Variablity:

Compare an individual to groups of peers to establish where they fall in developmental timeline.  Use growth charts to 1) establish the location of an individual relative to the group and to 2) follow a child over time to evaluate whether there is an unexpected change in growth pattern.

Timing Variation:

Biological clocks of individuals are set differently so timing of growth varies among individuals.

See figures 2.7 and 2.8

Age can be measured chronologically – in terms of time, and biologically – in terms of progress toward various developmental markers or stages.

Timing variability can be reduced if a developmental marker such as menarche is used as the reference point and not age in years.

Can read about measurement approaches pg 30-32 but these topics were not listed in Dr Vig's outline

5)  Growth of the face

Pattern of facial growth: mandible grows later and more than the maxilla as it is farther from the brain

6)  Theories of Craniofacial Growth

· Bone is the primary determinant of growth
· Cartilage is the primary determinant of growth
· *Soft tissue matrix is the primary influence on bone and cartilage
· Combination of the three inter-related theories
7)  Types of Growth

a. Membranous – cranial vault (periosteal activity)
b. Endochondral – epiphyseal plate (condylar cartilage)
8) Sites and Types of Craniofacial Growth: 

(Growth of the cranilfacial comnplex follows a cephalocaudal gradient)
a.  Cranial vault (the bones that cover the upper and outer surface of the brain)
b.  Cranial base (the bony floor under the brain, which is also the dividing line between the cranium and the face)
c.  Nasomaxillary complex (made up of the nose, maxilla, and associated small bones)
d.  Mandible
Cranial Vault:

Intramembranous bone formation, without cartilaginous recursors

Remodeling and growth occur primarily at the periosteum-lined contact areas between adjacent skull bones, the cranial sutures, but periosteal activity also changes both the inner and outer surfaces of these plate-like bones.

The major mechanism for growth of the cranial vault is apposition of new bone at the fontanelles. Changes in contour occur via remodeling: bone is removed from the inner surface of the vault and bone is deposited on the exterior surface.

Cranial base:

Formed initially in cartilage and are later transformed by endochondral ossification to bone.  This is more complicated than growth in the long bones.

There are multiple dual-sided epiphyseal-like plates between the plates called synchrondoses figure 2.24.  The growth of the cranial base is likened to a single long bone in that it has no movable joints.

Maxilla (nasomaxillary complex):

Develops postnatally entirely by intramembranous ossification.

Growth occurs in two ways:

1) apposition of bone at the sutures that connect the maxilla to the cranium and cranial base

2) by surface remodeling

surface changes in the maxilla are quite dramatic and just as important as at the sutures

The growth is downward and forward, out from under the cranium

Bone apposition occurs on both sides of the sutures so the bones that are attached to the maxilla become larger as well. Figure 2.26

Almost the entire anterior surface of the maxilla is an area of resorption figure 2.28 and 2.29

Mandible:

In contrast to the maxilla, both endochondral and periosteal activityare important in growth of the mandible.  The TMJ has hyperplasia, hypertrophy and endochondral replacement occurring.  All other areas of the mandible are formed and grow by direct surface apposition and remodeling.

See figure 2.30

The chin is almost inactive as a growth site

Body of mandible grows longer by periosteal apposition of bone on its posterior surface while the ramus grows higher by endochondral replacement at the condyle accompanied by surface remodeling.  See figure 2.31
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