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Early Brain Research
• Galen (130-200) 

– Physician of the Roman Empire
– One of the first to associate “the mind”

to the brain

• Later Centuries (1500 --)
– Research through animal dissection, 

mental illness, autopsy

• Franz Joseph Gall (1758-1828) 
– Brain consists of functionally discrete 

areas

Phineas Gage



Modern Methods – Neuroimaging

����� – Techniques to study human brain 
in vivo

���� – Developed over the last century

����� – Our knowledge is a function of 
these methods



Presentation Overview

I. Neuroimaging Techniques 

II. Neurodevelopment

III. Risks During Adolescence



I. Neuroimaging Techniques

• Anatomical Methods
– Brain structure
– CT scan, MRI

• Functional Methods
– Brain function
– Direct measurements – EEG/ERP, MEG
– Indirect measurements – PET, functional MRI 

(fMRI)



Computerized Tomography (CT)

• Early technique to examine brain structure (1974) 

• Special X-ray images region from 
different angles

• Computerized processing to 
reconstruct cross-section

• Often used for clinical diagnoses
• Uses radiation, cannot detect details of soft tissue

www.radiologyinfo.org



Magnetic Resonance Imaging (MRI)

• First used for body imaging in 
1980

• Based on principles of nuclear 
magnetic resonance (NMR)

• Detailed images of soft tissue

• No radiation or dyes



EEG

• EEG first used in 1920

• Measures electrical activity 
of the brain

• Can detect electrical 
abnormalities (epilepsy)

• Very good time resolution, 
difficult to localize spatially



Positron Emission Tomography (PET)

• Developed in 1950s, applied to humans 1970s

• Label compounds of 
interest with positron tracers 
(glucose, oxygen, water)

• Tracers distribute in brain,                  
measure radioactive decay of tracer

• Poor temporal resolution, expensive, requires 
injection of radiation

www.drugabuse.gov



Functional MRI (fMRI)

• Developed in 1991

• Uses MR to detect changes in blood 
flow across functional states 

• Blood oxygen level dependent 
(BOLD) response

• Good spatial and temporal resolution

• Completely non-invasive
Activation in response to a 

visual inhibition task
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How Does fMRI Work?

Hemoglobin has magnetic properties 
because of its iron molecules



Neuroimaging Summary

• In early stages…
– Developed over last few decades
– Data analysis and interpretation still progressing

• In spite of this…
– Advancing knowledge of the brain
– Much potential for future research



II. Neurodevelopment

• Birth through Childhood

• Adolescence



Brain at Birth

• 25% the size of the adult brain in weight 
and volume (less than 1lb)

• Nearly the same number of neurons as 
adult brain (100 billion)

• 50 trillion synapses (connections between 
neurons)

• Brain stem and lower brain well developed 
(reflexes), higher regions more primitive

• Uses low energy levels (PET)



Brain Structure --
Infancy / Early childhood

• Rapid growth

• Large increase 
in number of 
glial cells

• Huge increase in number of synapses
- First months of life: 50 trillion                1,000 trillion
(Carnegie, 1994) 

• Synaptic pruning begins

Adult
Brain 
Size

Age

100% 80%50%

5-6
Years

2 
years

18 
months



Synaptic Pruning

Birth

•Number of neurons 
are in place

•Few synaptic  
connections

0-1yr

•Number of synaptic 
connections increase

Childhood to 
Adolescence

•Unused connections 
are pruned

•Used synapses are 
strengthened



Brain Function -- Childhood

- Large number of synapses leads to great plasticity – brain is 
“tuned” for learning and development

- Neural circuits reinforced by function are strengthened, 
otherwise pruned (use it or lose it)

- Maximum energy levels used by brain (PET)

- Glial cells continue to refine connections (myelination)



Myelination

-“Insulates”
nerve cells to
build better
connections

-Conduction 
velocity 15x    
faster

-The “white        
matter” of the   
brain



Developmental Implications

• More stimulation, the better for neural 
development

• Genetics form the basis (nature), but       
environment and experience (nurture) drive the 
developmental processes

• Adverse inputs (abuse, chemical exposure, 
malnutrition) likely to have lasting effects 



Adolescence

• Defined as gradual transition 
from youth to adulthood

• Last period of major neural 
change and development

• Distinct from puberty (attainment 
of sexual maturation)

• Not unique to humans 



Brain Structure - Adolescence

• Major synaptic pruning (elimination of nearly ½
synaptic connections in brain)

• Reorganization of frontal and limbic regions

• Increased integration of brain circuitry

• Increases in myelination (white matter)
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How is brain functioning changing during adolescence?



Functional Changes During Adolescence

1. Increased efficiency

2. Dopamine distribution changes

3. Maturation of limbic system

4. Pre-frontal cortex development



1. Changes in Efficiency Levels

• Adult brain uses less energy than child brain

• Major cut-back of 
neural circuits that 
are not in use

• Strengthening /
myelination 
of active connections

• Increased speed of connections 



2. Dopamine System Re-organization

• Associated with modulation of 
social behaviors, risk taking, 
reward seeking

• Changes in dopamine levels 
and locations of influence 

• Associated with “reward deficiency syndrome” –- higher 
threshold for stimulation (Linda Spear, 2000)

• Need higher levels of stimulation to gain same 
experience of reward and arousal as pre-adolescence

www.cellscience.com



3. Maturation of Limbic System

• Increases in gonadal 
hormones systemically

• Changes in emotions
and motivational drive

• Reliance on emotional centers for decisions and 
behavior - frontal processing and regulation still 
immature

homepage.psy.utexas.edu 



4. Maturation of Frontal Brain Regions
(Prefrontal Cortex)

• Responsible for higher-order thought processes

• Last area to mature / undergo
synaptic pruning

• See increased activation with fMRI

• Greater ability to inhibit responses

• Improvements in complex thought, reasoning, and 
behavioral control

• Continues until early 20s 

www.cast.org



Greater Activation in Adolescents 
During an Inhibition Task

DLP
FC8-13 yrs. 14-17 yrs. 18-30 yrs.

R L

16.04.0
t-value

5.0 6.0

Beatriz Luna, PhD et al.



Functional Changes - Age 15-16
Increases in 

frontal activation

Decreased parietal activation



Adolescence - Summary

• Critical period of neurological change

• Increased risk-taking (dopamine changes)

• Emotional changes (puberty, limbic changes)

• Major developmental period of prefrontal cortex



III. Risks During Adolescence

• Onset of neurological disorders

• Behavioral problems / Delinquency

• Onset of drug & alcohol problems

These problems are often co-occurring.



Behavioral Problems / Delinquency

• Parental conflict / lack of control

• Oppositional Defiant Disorder –
consistent pattern of 
disobedience and hostility toward 
adults

• Conduct Disorder – aggressive, 
destructive, deceitful behavior, 
violation of rules



When Did The Problem Begin?

• Onset during childhood – more severe, 
often co-occurring with other problems 
(ADHD), tend to be longer-lasting

• Onset during adolescence – deviation 
from normal development, risky behavior, 
more likely to recover in adulthood



Early abuse, 
neglect, 

exposure to 
chronic violence

Lasting 
neurological 
changes?

More research!!

Contributors to Conduct Disorders 
and Violence

Stobaugh, W.S. & Malec, J.S., 2002  (Mayo Clinic)



Experimental Drug Use

• Teens exhibit higher 
rates of drug 
experimentation than 
adults

• The earlier the onset of 
use, the greater chance 
for addiction problems
(Chambers, 2003)

Any Illicit Drug use - past year

Monitoring the Future Survey



Drug Abuse Research

• Some kids have higher risks (family & 
individual) 
– Why do some develop addictions and not 

others?

• Drug abusers show brain differences from 
controls (chemically, functionally, structurally)
– Do the differences precede or proceed drug 

use?



Which kids will be affected?

• Prediction apply early intervention

• Center for Education and Drug 
Abuse Research (CEDAR) –
track 800 kids over 15 years

• Findings – high risk kids have indicative qualities 
(neurobehavioral disinhibition)



Neurobehavioral Disinhibition

Child’s score on 
IQ test (WISC-III), 
Stroop, Porteus 

Maze, etc.

Cognition Affect 
Modulation

Child’s score on 
Dimensions of 
Temperament 

Scale

Behavioral 
Control

Combination of 
child, mother & 

teacher report on 
number of CD, 
ODD, ADHD 

symptoms, etc.



fMRI Study of Youth at Risk for 
Drug Abuse

• Longitudinal study over 3 years –
beginning prior to drug use (10-12 years)

• Data from 30 CEDAR subjects

• Examining family risk and individual risk –
high neurobehavioral disinhibition (ND)



Results – Family History Risk

High Risk;  
N=13

Low Risk;  
N=10

Frontal Eye 
Fields (FEF)

Intraparietal
Sulcus (IPS)

MOTOR TASK

INHIBITION TASK

Anterior Cingulate

Posterior 
Parietal

FEF

Supplementary Eye FieldsIPS

High Risk;  N=10 Low Risk;  N=11



Results – Individual Risk (ND)

High Risk 
N = 9

Low Risk
N = 14

Frontal Eye 
Fields (FEF)

Intraparietal
Sulcus (IPS)

MOTOR TASK

INHIBITION TASK

Anterior Cingulate

Posterior 
Parietal

FEF

Supplementary Eye FieldsIPS

High Risk;  N = 7 Low Risk;  N = 14



Kids with High Neurobehavioral 
Disinhibition (ND) Levels

• Increased risk for addiction and violence?

• Show measurable differences with EEG and fMRI

• Can predict onset of addiction disorder with 85% 
accuracy

• Composite of cognition, emotion, and behavior 

• Can we “predict” high risk with only a few factors?



How Can We Help?

Reduce Risk 
Factors

Neurological research 
can help us 

understand what to 
look for at earlier 

stages

Increase 
Protective 
Factors

Early intervention can 
teach children to cope 

with problems and 
overcome potential 

risks



Points for Juvenile Moderators

1. Adolescent brain  � Adult Brain

2. Frontal lobe continues to develop into  
early 20’s

3. Prevention, intervention, reform
– Brain is highly capable of change 
– The earlier the better



Summary

• Brain research – in its infancy

• Normal brain development – although our 
understanding has increased over past 
years, still much to learn!

• Risks during adolescence – by 
understanding we can prevent and treat 
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…… John, age 7


