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Adolescent Update “What is Going on Inside Their Heads?”

This article is the first in a series
of articles to come on the
developing adolescent brain and
implications regarding health risk
behaviors, adolescent decision-
making, adult guidance, related
policies, etc. We are pleased that
Ryan Firth, M.D., a pediatric
resident from Children’s Mercy
Hospital is our guest author.

“Current Adolescent Health Issues”
workshops will be offered by the
Missouri Department of Health and
Senior Services (DHSS) this summer
and fall. More information will be
posted on the DHSS Adolescent
Health web page at
www.dhss.mo.gov/AdolescentHealth.

As always, please let Dr. Lynch or
Ms. Van Tuinen know of topics that
are of interest. Comments from
readers are very important.

/For further information, h

please contact:

Daryl A. Lynch, MD
(913) 696+8933
Patti Van Tuinen,
M.Ed., C.H.ES.
(573) 751-6188

E-mail addresses:
Daryl A. Lynch, MD
dlynch@cmbh.edu
Patti Van Tuinen
patti.vantuinen@dhss.mo.gov

Daryl A. Lynch, MD is Section Chief of Adolescent Medicine
at Children's Mercy Hospital and Consultant in Adolescent

Health to MO-DHSS.

Patti Van Tuinen is the Adolescent Health Coordinator for
the Missouri Department of Health and Senior Services.

Neurodevelopment during Adolescence

By Ryan Firth, MD, Pediatric Resident, Children’s Mercy Hospital

A new understanding of the changes in pre-adolescent and adolescent brain development
is beginning that may provide insight into some stereotypical adolescent behaviors.
Research into the adolescent brain suggests that the human brain is still maturing during
the adolescent years, with changes continuing into the early twenties. The discovery
that brain construction is still in progress during adolescence offers several hypotheses
to account for adolescent behavior. The immature brain of the teenage years may provide
clues as to why adolescents are prone to take risks. These new scientific discoveries
provide valuable lessons for parents and adults that work with youth.

The new information reinforces the importance that teenagers need guidance from
adults, and that careful and regular monitoring of teen behavior cannot be over-stated.

Normal Adolescent Neurodevelopment:

During late childhood, neurons (brain’s cells) and dendrites (projections of neurons that
allow communication between cells) increase in the number of synapses (connections
between neurons in the brain). By the end of childhood, the brain reaches a peak of
about 1,000,000,000,000,000 (one quadrillion) synapses!

Around the time of puberty two major changes begin to take place. First the amount
of myelin formed around neuronal axons increases. Myelin acts as an insulator and
increases the speed of neural transmissions up to 100 fold. As shown by the amount
of white matter on MRI scans, sensory and motor neurons are fully myelinated in the
first few years of life. However, neuronal axons in the frontal cortex continue to be
myelinated well into adolescence. The second change that occurs in adolescence is a
pruning of neuronal synapses. Synapses that are not used are eliminated, while frequently
used synapses strengthened and reinforced. Thus the result of this neural pruning is
that the brain is more efficient and faster at processing information. However, until the
pruning process is complete around age 24, the brain is not functioning at full capacity.
The pruning process occurs in stages across brain structures, and generally occurs from
the back of the brain to the front. Thus, structures at the back of brain finish first,
making these structures the first to mature. Structures at the front of the brain finish
pruning last, and it is these structures that do not complete maturation until about
age 24. There are four primary brain structures from the back to the front of the brain
Al cerebellum, nucleus accumbens, amygdala and prefrontal cortex fi that are noteworthy
in terms of how their differential development may impact adolescent behavior.

One of the last areas to mature is the prefrontal cortex. This area of the brain is
responsible for the complex processing of information including making judgments,
controlling impulses, foreseeing the consequences of one’s actions, and setting goals and
plans. An immature prefrontal cortex is thought to be the neurobiological explanation
for why teenagers show poor judgment and too often act before they think. It is
interesting to note that the legal driving age is 16 years of age and yet an individual

is not eligible to rent a car until the age of 25. The car rental industry knows when a
young person’s “risk-taking” years are behind them when it comes to driving an automobile
- the companies must work with some pretty good neurologists!

Implications of Normal Neurodevelopment:

Neurodevelopment suggests that the cerebellum dominates over the prefrontal cortex
during adolescence. Thus, most teenagers will prefer sensation seeking and physical
activities over ones that require a great deal of complex thinking. Teens may show poor
planning and judgment; engage in risk-taking and impulsive behaviors; and may be less
likely to consider the possible negative consequences of such risky behaviors.



Advice for physicians and parents:

The American Academy of Pediatrics recommends an
authoritative approach to parenting combining sensitivity
(love and acceptance) with developmentally appropriate
guidance (reasonable structure, reasonable expectations,
consistent supervision). Parents should expect adolescents
to exhibit risk-taking, poor judgment, and *“hot” emotions
and be prepared when adolescents do so. Adolescents cannot
be expected to maximally exercise good judgment.
Adolescents are not yet neurologically wired to think, “well,
on second thought.” Thus, as teens continue to learn how
to think in advance and plan future actions, adults must
anticipate future challenges and prepare teens accordingly.
Adults may often have to use judgment to protect teenagers.

Simply stated, the neurodevelopment findings previously
described, indicate that the adolescent brain is primed,
ready and looking for new experiences. However, it lacks
the full capacity to evaluate the consequences of those
experiences and the behaviors. This is especially true when
it comes to long-term planning and future expectations.
Like younger children, adolescents still learn best by
demonstration and participation. For example, if a teen is
interested in becoming a doctor, it would be fairly useless
to tell her or him that all that is needed is to get good grades
and work hard to get into medical school. The young person’s
desire to achieve the goal would be better reinforced by
shadowing a doctor for a day and getting to actually
experience the goal. A teen would also be more likely to
benefit from a more detailed discussion concerning all the
steps involved in becoming a doctor. This should include
concrete ideas and specific examples, such as, “Good grades
are important because it shows not only that you have the
ability, but also that you are a person who will work hard to
achieve your goals.” The teen brain is already looking for
new experiences. Adults and parents should jump on the
opportunity to provide appropriate stimuli, and be ready and
waiting to reinforce appropriate behavior.

Adults must remember to PARENT teenagers!

P = Promote activities that capitalize on the strengths of the
developing brain.

A = Assist teens with challenges that require planning.

R = Reinforce their seeking advice from you and other adults.

E = Educate about risk taking and negative consequences.

N = Never underestimate drug/alcohol effects on developing brain.

T =Tolerate the “oops” behaviors due to an immature brain, but
keep working to promote healthy development.
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