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Adolescence

‘...and in front of Chle too!" Matt (aged 15 years) groaned to himself as
he relived his embarrassment at being refused entry into the 15-rated film
showing at the local cinema. All his mates had got in, even Tom, who
wasn't actually 15 yet. ‘That's it!" he thought, reaching home, ‘Something’s
got to be done. | can't go on like this! Matt ignored his parents’ surprised
looks at seeing him back so soon and stomped up into his room, slamming
the door behind him. After he'd calmed down a bit, he turned on his
computer and started searching the internet for information. Eventually, he
came across a website that described injections that could make people
taller. Excited by the possibility, he rushed down to tell his parents all
about it. Until now, Matt’s parents hadn't taken much notice of his grum-
bles about his size, thinking they were just part of the angst experienced
by all normal adolescents. But once Matt had made them realise how .
upset he was by the incident at the cinema, and how he was now worried Puberty is the time when immature
about fitting in WiFh his friends, they agreed he could go to see if the individuals undergo the physical and
doctor knew anything about these injections. i

A few days later, Matt had an appointment with his GP. The doctor started behavioural Changes necessary for

by asking about his family history. Matt's mum supplied details of her preg- reproduction. It is a normal stage of
nancy with Matt, how much he had weighed at birth and her recollection of . .

his childhood development. All of this seemed normal and so they began development that is experlenced by
discussing the pubertal development of Matt's parents and also that of nea rly every human.

Emma, his 12-year old sister. Much to his surprise, Matt found out that his
dad had also been a late developer — he hadn't had a growth spurt until
he was about 19 years old, though now he was 1.78 m tall. His mum, who
is 1.62 m tall, couldn’t remember exactly when she had started her periods
but thought ‘it was about the same time as everyone else’. She also
revealed that his little sister had recently started her periods — another
blow to Matt's ego. The fact that she was already 15 cm taller than him was

he brain is responsible for coordinating the
physical changes that occur during puberty. A
region of the brain known as the hypothal-
amus produces pulses of a hormone called

bad enough. On examining Matt, the doctor noted that his testes were still gqnadotrophm rglegsmg hormone (GnRH). This in turn
very small and soft, there was no sign of axillary hair growth and that he stimulates the pituitary gland, located at the base of
was only 1.45m tall. However, there were no abnormalities and the GP told the brain, to produce two other hormones — follicle
Matt that in time, he would go into puberty and grow taller — though stimulating hormone (FSH) and luteinising hormone
given the height of his parents, he was unlikely to turn into a towering giant. (LH) (see Figure 1). Collectively,
All the same, the doctor recognised that being small and underdeveloped FSH and LH are known as the
was damaging Matt's self-confidence and she thought that he might benefit gonadotrophins because their job is
from injections of the hormone testosterone, which would ‘kick-start’ his to regulate the production of yet
progression through puberty. more hormones (the sex steroids)
(Adapted with permission from University of Manchester MBChB teaching from the gonads. In response to the
material ) gonadotrophins, the male gonads

(the testes) produce testosterone,
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[image: image2.jpg]and the female gonads (the ovaries) produce oestrogen
and progesterone. The sex steroids are needed for the
development of gametes, for the development and
maintenance of the reproductive organs and for the
development of the secondary sexual characteristics
(see Box 1).

All these hormones are produced throughout infancy
and childhood, but their levels are so low that essentially
the reproductive system lies dormant. At the start of
puberty, the hypothalamus increases the number of
GnRH pulses released. Thus the system is activated and
the process of sexual maturation can begin. Initially,
GnRH, and consequently the gonadotrophins and sex
steroids, are produced only during the night, but by the
end of puberty their pattern of secretion and the amount
of hormone produced matches that of an adult (see
Figure 2).

What changes?

Reproductive system

Girls typically go into puberty at age 10-11 years and
often the first indication that puberty has begun is the
appearance of ‘breast buds’. These continue to grow,
sometimes asymmetrically at first, for the next 3—4 years
and so breast development is usually complete by the
time a girl reaches 14. At roughly the same time, pubic
hair begins to grow. As puberty progresses, this becomes
darker, curlier and much coarser, and hair growth
spreads until it covers the external genitalia and the
adjacent part of the thighs. The degree of breast and
pubic hair development can be graded according to a
system devised by Tanner and Marshall, and this is a
useful way for doctors to assess whether a girl has
entered into puberty. However, the most obvious sign
that puberty is well underway is when a girl starts
menstruating. In Britain, the average age of menarche
is 12.8 years and from then until she is approximately
50 years old, most females will have one period a
month, except when they are pregnant.

Boys go into puberty a little later than girls. The
average age is 12 years old and for them the first
symptom is usually an increase in the size of their testes,
followed by the growth of pubic hair. Consequently,
these are the features used to monitor male pubertal
development. In general, boys begin to produce sperm
by age 14 years. However, in terms of structure, motility
and number of sperm, this process may not be complete
for some years. During the first stages of puberty, the
majority of boys also experience some growth of their
breast tissue. This is an entirely normal, temporary event
that is usually over by the age of 16.

Height

As well as experiencing changes to their reproductive
system, both boys and girls notice a drastic change to
their growth rate during puberty. Growth is also
controlled by the brain and again the hypothalamus
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Figure 1 Hormones involved in the control of the reproduc-
tive system.

Figure 2 Pattem of luteinising hormone secretion during
puberty.
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[image: image3.jpg]begins the process by producing another hormone,
called growth-hormone releasing hormone (GHRH),
which activates the secretion of growth hormone (GH)
by the pituitary gland (see Figure 3). GH can have a
direct effect on bone length by stimulating the prolif-
eration and maturation of cells at the growth plate
epiphysis of bones (see Box 2). However, many of the
growth-promoting actions of GH are achieved indirectly
because GH stimulates the liver to synthesise another
hormone, insulin-like growth factor-I (IGF-I; see Figure
3), which also acts on the epiphyseal growth plates and
on the growth of soft tissue.

GH production and secretion are also influenced by
dex steroids and so the rise in oestrogen and testos-
terone that occurs during puberty acts as a trigger for the
increase in height. Girls go into puberty earlier than
boys and therefore they also begin their growth spurt
earlier, usually between the ages of 10.5 and 13 years.
Eventually, oestrogen causes the epiphyses to ‘close’
and after that has happened, no further growth in
height can occur (see Box 2). In boys, the growth spurt
occurs in mid-puberty (12.5-15 years old), which means
that in comparison with girls, they have an extra 2 years
of pre-pubertal growth. The height gained during these
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Figure 3 Hormones involved in the control of growth.

2 years, together with a faster rate of growth during
their pubertal growth spurt, means that by the time
testosterone has caused their epiphyses to close, boys
will be, on average, approximately 12 cm taller than
girls. The epiphyses of a bone can be seen by taking an
X-ray and so in addition to assessing the changes to the
reproductive organs and characteristics, doctors can also
monitor an individual’s progression through puberty by
studying bone development — usually the bones of the
hand and wrist (see Figure 4).

Attitude

Puberty isn't just about changes to the body. It is also the
time when adolescents begin to adapt their behaviour in
preparation for the responsibilities of adulthood. Often,
this aspect of puberty is the most traumatic for young
people — and their parents! Disputes at home are quite
normal during the teenage years as this is when both
boys and girls struggle to become independent of their
parents and increasingly turn to their friends for social
and emotional support. They experience changes in
self-concept and self-esteem and begin to use the
media and the opinions of their peers, rather than their
parents, to develop their ideas, beliefs and the image
they wish to project. There are also changes to the front
part of the brain. This area is responsible for emotion, so
adolescents begin to take an interest in developing
romantic relationships. This area of the brain also
contributes to the improved ability for abstract
thought, planning and concentration.

What's the trigger?

A lot is known about the physical changes that occur
during puberty but how does the body know when it’s
time to start making these changes? Surprisingly, we
still don’t know the answer to this question. It can’t be
just an ‘age thing’ because different people go into
puberty at different ages, and if you were to take a
group of adolescents of the same age, they would all be

Figure 4 Coloured X-ray of the hand and wrist of a 5 year

old girl showing that the epiphyseal growth plates are still
open (orange arrows).
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[image: image4.jpg]Box 2 Long bone development

Figure 2.1A represents the development of a typical long bone. A miniature carti-
lage model arising during embryogenesis becomes calcified. It is then invaded by
blood vessels, and then by osteoblasts which gradually replace it by bone. The ossi-
fication centre migrates outwards towards the ends of the bone and eventually a
narrow growth plate forms. This cartilaginous plate forms the junction between the
epiphysis and the shaft of the long bone (the diaphysis). The cells of the growth plate
have a precise organisation (see Figure 2.1B). Cells proliferate in one zone to give
rise to more cells, which then move towards the shaft of the bone where they
mature. They eventually degenerate as they become calcified. The calcified cartilage
is invaded by bone cells, which use it as a scaffold for depositing bone matrix. The
growth plate remains in the epiphyses of the bone until the end of puberty. This
allows growth in length. Eventually the cartilage cells stop proliferating and the
growth plate is completely replaced by bone so that the epiphysis and shaft of the
bone fuse. Once this has happened, there can be no further increase in bone
length.

(4]
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at different stages of puberty. One clue to finding the
trigger for puberty may be the observation that over
the past 100-150 years, the age of menarche for girls
living in the Western world has fallen by 2-3 months
per decade (see Figure 5 on p. 6). Today’s girls have
their first period about the age of 12-13, whereas
150 years ago girls would have been 16-17 years old
before their periods began. So, what has happened over
the past 100-150 years that might be linked to girls
going into puberty earlier? The most obvious answer is
the marked improvement in nutrition. This has led to
the idea that the body must reach a ‘critical body mass’
— which will differ from person to person — before
going into puberty.

This theory fits well with what we know about the
timing of puberty in girls with different amounts of body
fat. In girls with low body fat, for example elite athletes,
ballerinas and girls with anorexia nervosa, puberty is
often delayed, whereas mild obesity tends to be coupled
with earlier menarche and advanced physical develop-
ment. Currently, researchers are trying to discover how
information on body mass/fat is signalled to the brain
and there is much interest in the hormone leptin (see
BIOLOGICAL SCIENCES REVIEW, Vol. 15, No. 3, pp. 30-32).
Leptin is produced by fat cells, and studies in animals
suggest that it might have a role in regulating the timing
of puberty.
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Figure 2.1 (A) Schematic representation of
the development of a typical long bone by
endochondral ossification. (B) A section of the

growth plate.

Gymnasts have low
body mass and very
low percentage body
fat. These factors can
delay the onset of
menarche in young

women.
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decrease in the
age of menarche
during the last
150 years.
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What can go wrong?

Although the timing of puberty varies from one person
to the next, sometimes it occurs far too early, and in
some people it is delayed beyond the upper limit of the
normal range.

Too early

Precocious puberty is the term used to define the
appearance of secondary sexual characteristics before
the age of 8 years in girls and 9 years in boys. These chil-
dren have high levels of sex steroids and as a result,
‘inappropriate’ breast and genital development. In addi-
tion, the sex steroids cause accelerated growth at the
bone epiphyses and so, during childhood, they are
usually taller than normal. If the high levels of sex
steroids are left untreated, they will cause the growth
plates to close early and so, as adults, these individuals
may end up shorter than average. In girls, early puberty
is linked to an increase in emotional problems and anti-
social behaviour, usually because their appearance
allows them access to an older group of friends. In boys,
however, early puberty has a more positive effect as

they experience increased self-esteem and a higher
status within their peer group. The main reason for
precocious puberty is premature activation of the hypo-
thalamus, usually as the result of a genetic abnormality,
infection or a tumour in the brain. Consequently, treat-
ment involves drugs that block the action of GnRH at
the pituitary gland so that levels of the gonadotrophins
and sex steroids are reduced.

Too late

Puberty is said to be delayed if it has not begun by the
age of 13 years for girls and 14 years for boys. Delayed
puberty is quite common, particularly in boys, and often
runs in families. In many cases, there is no need for
treatment — just a great deal of patience. However this
is of little comfort to adolescents experiencing social
problems. Frequently, such teenagers have low self-
esteem and consequently they are more likely to get into
trouble through status-seeking behaviour. In these cases,
it is possible to hasten the natural progression of puberty
with small doses of sex steroids. Other teenagers may
never go into puberty without medical help. This condi-
tion can be due to inadequate gonadotrophin produc-
tion, which may be caused by a genetic abnormality,
cancer in the pituitary gland, an injury to the head, or
aproblem in the gonads. These teenagers are treated by
replacing the missing hormones.

Things to do

In the case study, Matt’s GP said she thought it was

unlikely that he would turn into a towering giant. This

is probably because she used the height of Matt’s parents

to predict how tall he could be expected to grow. You

can use the following equations, which for most people

are accurate within 10cm, to predict your own final

height. .

P Girls: (height of mother (in cm) + height of father
(in cm) - 6.5)/2

P Boys: (height of mother (in cm) +
(in cm) + 6.5)/2

ht of father
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