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Muscle and Bone Growth
As children grow, muscle mass steadily increases 
throughout the developing years. At birth, approxi-
mately 25% of a child’s body weight is muscle mass, 
and by adulthood about 40% of a person’s total 
body mass is muscle. During puberty, a 10-fold 
increase in testosterone production in boys results 
in a marked increase in muscle mass, whereas in 
girls an increase in estrogen production causes 
increased body fat deposition, breast development, 
and widening of the hips. Although muscle mass in 
girls continues to increase during adolescence, the 
increase occurs at a slower rate than in boys due to 
hormonal differences. Throughout this time period 
the increase in muscle mass in both sexes is due to 
the hypertrophy of individual muscle fibers and not 
hyperplasia. Peak muscle mass occurs between the 
ages of 16 and 20 years in females and between 18 
and 25 years in males unless affected by resistance 
exercise, diet, or both.

Bone formation occurs in the diaphysis, which is 
the central shaft of a long bone, and in the growth 
cartilage, which is located at three sites in the child: 
the epiphyseal (growth) plate, the joint surface, and 
the apophyseal insertions of muscle-tendon units. 
When the epiphyseal plate becomes completely 
ossified, the long bones stop growing. Although 
bones typically begin to fuse during early adoles-
cence, girls generally achieve full bone maturity 
about two to three years before boys. The actual 
age varies considerably, but most bones are fused 
by the early 20s.

A particular concern in children is the vulnerabil-
ity of the growth cartilage to trauma and overuse 
(103). Injuries there may disrupt the bone’s blood 
and nutrient supply and result in permanent growth 
disturbances. Trauma from falls or excessive repeti-
tive stress that may result in a ligament tear in an 
adult may produce an epiphyseal plate fracture in 
a child. Because the peak incidence of epiphyseal 
plate fractures in children occurs at about the time 
of peak height velocity, it seems that a preadoles-
cent child may be at less risk for an epiphyseal 
plate fracture than an adolescent child. It has been 
suggested that the epiphyseal plates of younger 
children may be stronger and more resistant to 
shearing-type forces, which may be the cause of 
injuries to the growth cartilage (105). The potential 
for injury to the epiphyseal plate during resistance 
training is discussed later in this chapter.

Developmental Changes in Muscular Strength
As muscle mass increases throughout preadoles-
cence and adolescence, there is an increase in mus-
cular strength. In fact, the growth curves for strength 
are similar to those for body muscle mass. In boys, 
peak gains in strength typically occur about 1.2 
years after peak height velocity and 0.8 years after 
peak weight velocity, with body weight being the 
clearer indicator. This pattern suggests that during 
periods of rapid growth, muscle increases first in 
mass and later in its ability to express strength (15). 
In girls, peak gains in strength also typically occur 
after peak height velocity, although there is more 
individual variation in the relationship of strength to 
height and body weight for girls than for boys (95). 
Although the strength of boys and girls is essentially 
equal during preadolescence, hormonal differences 
during puberty are responsible for an acceleration 
in the strength development of boys and a continu-
ation at approximately the same rate in the strength 
development of girls as during the preadolescent 
years. On average, peak strength is usually attained 
by age 20 in untrained women and between the 
ages of 20 and 30 in untrained men.

An important factor related to the expression of 
muscular strength in children is the development of 
the nervous system. If myelination of nerve fibers 
is absent or incomplete, fast reactions and skilled 
movements cannot be successfully performed, and 
high levels of strength and power are impossible. As 
the nervous system develops, children improve their 
performance in skills that require balance, agility, 
strength, and power. Since the myelination of many 
motor nerves is incomplete until sexual maturation, 
children should not be expected to respond to train-
ing in the same way or reach the same skill level as 
adults until they reach neural maturity (86).

Because physiological functions are more closely 
related to biological age than to chronological age, 
at any given time an early-maturing child probably 
has an advantage in measures of absolute strength 
when compared with a later-maturing child of the 
same sex who has less muscle mass. In general, the 
body type of early-maturing youngsters tends to be 
mesomorphic (muscular and broader shoulders) or 
endomorphic (rounder and broader hips), whereas 
late maturers tend to be ectomorphic (slender and 
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tall) (figure 7.1). Clearly, physical differences in 
body proportions can affect the execution of resis-
tance exercises. For example, short arms and a large 
chest cavity are an advantage in bench presses, 
whereas long legs and a long torso are a disadvan-
tage in squats. These factors have implications for 
strength and conditioning professionals who are 
attempting to standardize fitness tests or develop a 
resistance training program for a group of boys and 
girls who vary greatly in physical size. The reasons 
for individualized training programs should be 
explained to all participants, and special encourage-
ment should be offered to late maturers who may 
be smaller and weaker than chronological-age peers 
with more biological maturity and therefore greater 
height and strength. Although late maturers tend 
to catch up to the early maturers as they proceed 
through adolescence, young athletes should realize 
that many factors—including motivation, coaching, 
and ability—contribute to success in sport.


