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Bone remodeling asMwo!
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BONE MARROW

Lining cells
Osteoblasts Osteoclast

Osteoid

Direction of progression of BMU

Figure 1 Diagram of a bone remodelling compartment (BRC) as proposed by and reproduced with permission from Hauge et al. (2001)
The lining cells (and presumably also endosteal membrane) normally covering the quiescent bone surface become separated from the
cancellous bone surface by disruption of the junctions normally present between lining cells and osteocytes embedded in bone, but
remain intact during the remodelling cycle. Inside the canopy so formed, osteoclasts derived from circulating precursors resorb bone, and
osteablasts derived from the lining cells of the canopy form new bone within the cavity created by osteoclasts. BMU, basic multicellular
unit.
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Figrre 1. The cyvcie of bone remodeling starts with bone
resorption and is followed by bone formartion. (Adapred
From de Verneiowl. )
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Weight of Normal Infants and Children

Weight Kilograms (Pounds)
i 3.25 (7
gi:?;::o age (mo)+9 {age [mo] + 11}
2
5+17)
. agelyr)x2+8 (age [yr] x
;—?g;r age lyr)x7-5 {age [yr]x7 +5)
T2
Height Centimeters (Inches)
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?E:;\rar age[yr}x6+77 {age [yr] x21/7 +30)
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Rules of Thumb for Growth

Weight
1. Weight loss in first few days: 5-10% of birth
weight
2. Return to birth weight: 7-10 days of age
Double birth weight: 4-5 mo
Triple birth weight: 1 yr
Quadruple birth weight: 2 yr
3. Average weights: 3.5 kg at birth
10kgatlyr
20 kg at 5 yr
30 kg at 10 yr 4
4. Daily weight gain: 20-30 g for first 34 mo
15-20 g for rest of the first yr
5. Average annual weight gain: 5 Ib between 2 yr and
puberty (spurts and plateaus may occur)

Height
1. Average length: 20 inches at birth, 30 inches at 1 yr
2, At age 3 yr, the average child is 3 ft tall
3. At age 4 yr, the average child is 40 in tall (double
birth length)
4. Average annual height increase: 2-3 inches
between age 4 yr and puberty
Head Circumference (HC)
1. Average HC. 35 cm at birth (13.5 inches)
2. HC increases: 1 em/mo for first yr (2 cm/mo for
first 3 mo, then slower)
10 em for rest of life
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Screening Scheme for Developmental Delay: Upper Range

Age (mo) Gross Motor Fine Motor Social Skills Language

3 Supports weight on forearms Opens hands spontaneously Smiles appropriately Coos, laughs

6 Sits momentarily Transters objects Shows likes and dislikes Babbles

9 Pulls to stand Pincer grasp Plays pat-a-cake, peek-a-boo Imitates sounds

12 Walks with one hand held Releases an object on command Comes when called 1-2 meaningful words

18 Wialks upstairs with assistance Feeds from a spoon Mimics actions of others Atleast 6 words

2 Runs Builds a tower of six blocks Plays with others 2-3word sentences
£ oyl Jogu>
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FIGURE 11-1. Percentile curves for weight and length/stature by age for boys (4) and girls (B) birth to 20 yr. {Official 2000 Centers
for Disease Control [CDC] growth charts, created by the National Center for Health Statistics [NCHS] [see Chapter 15]. Infant length
was measured lying; older children’s stature was measured standing. Additional information and technical reports are available at
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FIGURE 11-2. Head circumference and length/stature by weight for boys (4) and girls (B).(Official 2000 Centers for Disease Control
[CNC] growth charts, created by the National Center for Health Statistics [NCHS] [see Chapter 15]. Additional information and tech-
nical reports are available at www.cdc.gov/nchs.)
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(a) Schematic of the series elastic elements
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(b) Muscle (c) Isometric contraction: Muscle has not| |(d) Isotonic contraction: Sarcomeres

shortened. Sarcomeres shorten, generating shorten more but, since elastic
at rest force, but elastic elements stretch, allowing elements are already stretched,
muscle length to remain the same. the entire muscle must shorten.
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(a) Isotonic contraction
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(b) Summation
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(c) Summation leading to unfused tetanus
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(d) Summation leading to complete tetanus
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! Rigid body

2 Force

% Pressure

* Moment of force

® Twisting moment or Torque
¢ Bending moment

" Load

8 Load-Deformation

% Stiffness
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! Neutral zone
2 Elastic zone
® Plastic zone
4 Stress
® Strain
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! Normal and Shear

2 Elastic

% Shear modulus

* Yield point

% Ultimate load

® Strength

" Plastic zone

& Subfailure injuries

% Stress concentration
19 Fatigue
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! Anisotropy

2 Viscoelasticity

% Creep

* Stress relaxation
® Loading rate

® Axial load

" Bending moment
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Failure

Elastic Modulus (GPa) _ Stress(MPa)  Stain (%)
Biological Tissues
Cortical bone 10-20 100-200 1-3
Cancellous bone 0.1-0.8 10 5-7
Cartilage 0.001-0.01 10-15 80-120
Ligament 0.06-0.12 10-40 30-45
Tendon 1.0 55 9-10
Muscle (passive) 0.17 60
Nerve roots 15 19
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! Inhomogeneous
2 Anisotropic
* Remodeling
* Wolff's law
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A. Strength of Different Muscles

Failure Stress Failure Strain
(MPa) (%)
Rectus abdominis 0.11 61.0
Trapezius 0.16 60.0
Biceps brachii 0.17 60.0
Gastrocnemius 0.10 95.0
B. Variation With Age (Rectus Abdominis)

Age Failure Stress Failure Strain
(Years) (MPa) (%)
10-19 0.19 65.0
40-49 0.11 61.0
70-79 0.09 58.0
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Biomechanics in the Musculoskeletal System, MM Panjabi and AA
White, Churchill Livingstone, 2001.
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