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The rate of linear growth and the physiologic components regulating it, vary with age.

Conceptually, it is helpful to define growth as occurring in four discrete but congruent phases:
Prenatal(intrauterine)

infancy

Childhood

adolescence
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Prenatal growth:

Prenatal growth averages 1.2 to 1.5 cm per week but varies dramatically.

the midgestational length growth velocity of 2.5 cm per week falls to almost 0.5 cm per week
immediately before birth.




Infancy phase:

starting in midgestation and then rapidly decelerating until about 3 to 4 years of age

the growth initially is very rapid and gradually decelerates.
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Childhood phase:
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During this time, a normal child’s height, plotted on a growth curve, typically remains within a given growth
channel; it does not cross percentile lines on the growth curve

the childhood phase characterized by an average growth rate of 5 to 6 cm per year (range 4.5-7.0
cm)
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Estimates for normal growth rates in children

- 50 cm 75 cm 100 cm 125 cm 150 cm
Length or height () ches) (30 inches) (40 inches) (50 inches) (60 inches)
Age Birth 1 year 4 years 8 years 12 years
S U | y A y J
- 25 cm/year 10 cm/year 5 cm/year 5 cm/year*
Growth velocity (10 inches/year) (4 inches/year) (2 inches/year) (2 inches/year)

Normal length or height at various ages during childhood, and the growth rate between those timepoints, are approximated by multiples of five when measured in centimeters

(this is sometimes termed the "rule of fives"). Actual height and growth rate in a healthy child can vary substantially around these approximations.




Adolescence phase: a sigmoid-shaped “puberty” phase that comprises the adolescent growth
spurt
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Growth spurt of 8-14cm/yr due to Synergistic effects of sex steroids and growth hormone

Depending on the age of puberty onset, growth rate may accelerate (early puberty) or decelerate
(delayed puberty) compared to peers
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Prepubertal growth is similar between boys and girls.

The height difference between men and women, an average of 13 cm,
IS accounted for by two factors:

1. boys grow for an average of 2 years longer than girls, because girls have an earlier onset
of puberty and, consequently, earlier cessation of growth. Therefore, prepubertal growth is
greater for boys; they are 8 to 10 cm taller when their puberty starts compared with girls’ heights
when their puberty starts.

2. boys achieve a greater maximal pubertal growth velocity than girls, giving them 3 to 5 cm
greater pubertal growth.




Height velocity in American females 2 to 19 years Height velocity in American males 2 to 19 years
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The adult height is not influenced by the chronologic age at onset of the
pubertal growth spurt because any additional time for prepubertal growth
that occurs when puberty is late is balanced by the fact that pubertal
growth is smaller the later it occurs

After puberty, chondrocyte proliferation in the growth plate slows and
senescence occurs due to depletion of stem-like cells in the resting zone
of the growth plate




Variants of normal growth

There are two variants of normal growth whose characteristic patterns are such that children
exhibiting these growth variants are often evaluated for a growth disorder.

1.Genetic “rechanneling” : infant height curve crosses percentile lines as the growth moves
away from the influences of the intrauterine environment and toward the child s genetic
potential. It is typically accomplished by 9 to 12 months of age.




Variants of normal growth

2. constitutional delay of growth and development (CDGD):

during most of their childhood, they grow at a height percentile below that expected based on their
genetic potential.

Their height diverges even further from that of average children during the early teen years due to
the declining prepubertal growth velocity of these children compared with the accelerating growth
rate of children with an average timing of the onset of puberty.

children with CDGD have a late growth spurt, consistent with their late puberty, and this brings
their height into the normal adult range




Body proportions, like growth velocity, also change with age;
normal large-headed and short-limbed newborns gradually
transition by late childhood to “adult” proportions, with arm
spans roughly equivalent to height and upper-to-lower (U/L)
body segment ratios approximating one.

Ratio U/L segment
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Measurement of Growth

The identification of physiological and pathologic growth patterns relies on accurate measurements of
length and height.

the most important tool in analysis of a child’s growth is the plotting of accurate measurements on

an appropriate growth chart. Although a seemingly simple process, correct positioning of a child for
accurate length or height during assessment and accurate data recording are critical and should be
done by a trained individual. .

Serial measurements taken to assess growth velocity should be obtained by the same individual to
eliminate variations between examiners or equipment. Recording of data over 9 to 12 months is
preferable to minimize the effects of measurement error and seasonal variations.




Bone age
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radiographs of the hand can be helpful in detection of many skeletal disorders such as Madelung
deformity and short fourth metacarpal

By using standard references, a child’s bone age and current height can also be used to estimate an adult’s
height.




Bone age

The bone age is usually not reliable in children under the age of 5 years.

In children younger than 2 years, given the limited number and size of visible ossification centers
in the hand, a hemiskeleton BA can be obtained by obtaining radiographs of the child’s entire left
upper and lower extremities. The number of ossification centers is determined and again compared
to age-appropriate standards to determine the bone age.




MPH

Girls - |Father’s height(cm) — 13 cm + Mother’s height(cm)|
Midparental height(MPH): ' 2

Boys - |Father’s height(cm) + Mother’s height(cm) + 13 cm]
' 2

The midparental height calculation can be used to estimate a child’s genetic target range height.

a significant disparity in the child’s growth percentile (ie, +10 cm) from the MPH percentile should
prompt further investigation




MPH

when there Is a relatively large disparity between the parents’
heights, the calculated MPH becomes less informative.

statistical reassessment of population averages shows that the
final height of offspring tends to regress toward the mean. If this
IS not taken into account, the shorter calculated MPH may be
used to inappropriately explain the short stature of a child.
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