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Physical, sexual, and psychological 
trauma in childhood may lead to 
psychiatric difficulties that show up 
in childhood, adolescence, or 
adulthood.  

Introduction



The victim’s anger, shame, and despair can be 
directed inward to spawn symptoms ...

Introduction

Depression Anxiety
Suicidal
Ideation PTSD



...or directed outward as ....

Introduction

Aggression
Impulsive-

ness
Addiction Hyper-

activity
Delinquency



Introduction

Childhood
Abuse

Poor impulse control
Addiction
Aggression/Violence
Cognitive Impairments
Depression
ADHD-like behaviors
Post-traumatic Stress 
Lack of empathy
Sexual Victimization
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ACE Score vs. Depression

ACE Score

Population attributable risk associated with 
early adversity:

•50% for drug abuse
•54% for current depression 
•65% for alcoholism
•67% for suicide attempts
•78% for iv drug use.

Dr. Vincent Felitti
Dr. Robert Anda



VulnerabilityResilience



Role of Genotype in the Cycle of Violence in Maltreated Children
Caspi et al., SCIENCE 2002,  297(5582):851-854.



Depression with Early Trauma/Loss

Caspi et al.,  Science. Jul 18 2003;301(5631):386-389.
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Gibb, B.E., McGeary, J.E., Beevers, C.G., and Miller, I.W. (2006) Serotonin transporter (5-HTTLPR) genotype, childhood abuse, 
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Association of a triallelic serotonin transporter gene promoter region (5-HTTLPR) polymorphism with stressful life events and 
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Published studies demonstrating that lower transcriptional efficiency alleles of 5HTTLPR 
convey an increased risk for development of depressive or parasuicidal responses to stress



Moderating Influence of Social Support

Kaufman J, et al., (2004) Social supports and serotonin transporter gene moderate depression in 
maltreated children. PNAS, 101 (49): 17316–17321.
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Time is of the essence.
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Sensitive Periods

Immediate
Consequences

Intermediate
Consequences

Delayed
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Sensitive Periods



Sensitive Periods
The brain is molded by experiences, such as stress, that 
occur throughout the life span.  However, there are 
particular stages of development when experience exerts 
either a maximal (sensitive period) or essential (critical 
period) effect. 

Hubel and Wiesel  won the Nobel Prize in Medicine and 
Physiology for this discovery.





Subjects: 18-22 year olds with history of  3 or 
more episodes of forced sexual contact, by 
individuals outside the immediate family, 
accompanied by fear or terror and threats of 
harm to self or others (n=30).

Sensitive Periods
Study I



Subjects: Recruited from the community and 
were selected based on childhood history with 
no prerequisite for any degree or type of 
psychiatric difficulty.

564 screened / 30 abused, 30 controls

Sensitive Periods





Hippocampus



Preclinical studies have demonstrated the marked 
vulnerability of the hippocampus to ravages of 
stress.  This region has a protracted ontogeny, 
persistent postnatal neurogenesis, and a high density 
of stress hormone receptors.  Exposure to stress 
can effect the development of synapses, the birth of 
new neurons, the dendritic branching of neurons 
and the survival of neurons in the hippocampus.

Hippocampus



Hippocampus plays a critical role in 
memory consolidation and retrieval.

Serotonergic input into the hippocampus 
determines our set-point for degree of 
behavioral inhibition.

Hippocampus



Hippocampus may also play a critical role in 
the development of depression.  It appears 
that medications and interventions that treat 
depression restore or enhance hippocampal 
neurogenesis.

Hippocampus



Index Age of Abuse (years)

Ef
fe

ct
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Hippocampus

** ****
*

Hippocampal volume reduced 13.2% in subjects who experienced abuse at
age 4 (n=7).

***
* * * * *

Abused at index age vs cntl

3 5 7 9 11 13 15 17



Density 
Abuse

9-10 years

Density 
Abuse

6-8 years

Density 
Abuse

11-13 years

Density 
Abuse

3-5 years

Density 
Abuse

14-16 years

Hippocampal
Volume

-0.72
(p<10-7)

-0.28
(p<0.03)

0.48
(p<0.002)

0.56
(p<0.0001)

0.45
(p<0.003)



De Bellis et al 
1999 PTSD (44), NL (61) NS

Carrion et al 2001 PTSD Sx (24), Hx NL (24) NS
De Bellis et al 

2002 PTSD (28), NL(66) NS

Childhood abuse leading to PTSD has 
not been associated with reduced 
hippocampal size in childhood.



Childhood abuse leading to PTSD, 
Dissociative Identity Disorder, Borderline 
Personality Disorder, or Major Depression 
has been associated with reduced 
hippocampal size in adulthood.
 

Bremner et al 1997 PTSD (17), NL (17) -12%  L
Stein 1997 PTSD/DID (21) NL (21) -5%  L

Dreissen et al 2000 Borderline (21), NL(21) -16%  L,R
Vythilingam et al, 2002 Depressed (21), NL (14) -15%  L
Vermetten et al, 2006 DID (15), NL (23) 19.2% L,R
Andersen et al, 2008 Abused (26), NL (17) 6.8% L,R

Study Groups (n) Reduction /  Side



puberty early
adulthood

middle
age

 day 2–20



Hippocampal Pyramidal Cell
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3
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SUBDIVISIONS OF THE CORPUS CALLOSUM

rostrum

genu

rostral
body

anterior
midbody

posterior
midbody

isthmus

splenium



Childhood abuse a!ects corpusChildhood abuse a!ects corpus
callosumcallosum

The morphology of the corpus callosum is significantly affected by

early neglect (as well as physical abuse and sexual abuse).

Control       Neglect

Teicher et al. (2004)  Biological Psychiatry 56, 80-85



Index Age of Abuse (years)
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ct
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Corpus Callosum - Rostral Body

* *

CC area reduced 22.4% in subjects who experienced abuse at age 10 (n=5).

Abused at index age vs abused at other ages



Density 
Abuse

9-10 years

Density 
Abuse

6-8 years

Density 
Abuse

11-13 years

Density 
Abuse

3-5 years

Density 
Abuse

14-16 years

Rostral Body
Corpus  Callosum

-0.49
(p<0.003)

0.40
(p<0.007)

0.51
(p<0.0002)

0.38
(p<0.01)



Association of Early Experience and Age on Regional Anatomy of the
Corpus Callosum in Girls, Based on Step-wise Regression.

Physical Sexua l
Region Abuse Abuse* Neglect* Age** P T S D

1 (rostrum) -- -- -- -- - -
2 (genu) -- -- -- -- - -

3 (rostral body) -- -20.8%ζ -- -- - -

4 (ant. midbody) -- -29.7%¥ -- -- - -

5 (post. midbody) -- -17.7%ζ -- -- - -

6 (isthmus) -- -23.7%ζ +37.6ξ -- - -

7 (splenium) -- -- -43.9%† +5.2%ζ - -

†p < 0.10,  ζp < .05, ξp < .01, ¥p < .001
*Values are expressed as % change in volume associated with positive history
**Values are expressed as % change in volume per year of age.



Association of Early Experience and Age on Regional Anatomy of Corpus Callosum
in Boys, Based on Step-wise Regression.

Physical Sexua l
Region Abuse Abuse* Neglect* Age** PTSD*
1 (rostrum) -- -- -41.7%† 7.4%ζ --
2 (genu) -- -- -29.2%¥ -- --
3 (rostral body) -- -- -33.2%¥ -- --
4 (ant. midbody) -9.6%† -- -30.7%¥ -- --
5 (post. midbody) -- -- -40.2%¥ 1.5%† --
6 (isthmus) -- -- -45.7%¥ -- --
7 (splenium) -- -18.3%† -24.2%  ξ -- --

†p < 0.10,  ζp < .05, ξp < .01, ¥p < .001
*Values are expressed as % change in volume associated with positive history
**Values are expressed as % change in volume per year of age.



Right-Left Evoked Response Asymmetry During Recall of 
Unpleasant Early Memories in Psychologically-
Traumatized Subjects.



•Hemispheric brain activity was 
measured in adult subjects under two 
conditions: first, during recall of a 
neutral memory, and then during recall 
of an unpleasant affectively-laden 
early experience.





Right-Left Evoked Response Asymmetry

Schiffer F, Teicher MH, Papanicolaou AC: Evoked potential evidence for right brain activity during the recall of traumatic 
memories. J Neuropsychiatry Clin Neurosci 1995; 7(2):169–75



Deficient Hemispheric Integration

Our discoveries that abused patients have 
diminished right-left hemisphere integration and a 
smaller corpus callosum suggest an intriguing model 
for the emergence of impulsivity.  With less 
integrated hemispheres, they may shift into an 
emotional right hemisphere state during periods of 
stress or distress.  In this state they may be less able 
to use logic and reason to regulate their behavior.



Frontal Lobes



Frontal Lobes

The frontal lobes are important for 
attention, executive function, working 
memory, motivation, and behavioral inhibition

Executive functions  are cognitive abilities 
necessary for complex goal-directed behavior 
and adaptation to a range of environmental 
changes and demands.



The frontal lobes are important in our ability 
to plan and anticipate  outcomes (cognitive 
flexibility) and to direct attentional resources to  
meet the demands of non-routine events.

The frontal lobes are important in self-
monitoring and self-awareness -  necessary for 
appropriateness of behavior and behavioral  
flexibility

Frontal Lobes



David M. Amodio and Chris D. Frith.  Meeting of minds: the medial frontal cortex and social 
cognition.  Nat Rev Neurosci. 2006, 7(4): 268-277.



Index Age of Abuse (years)

Ef
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ct
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Prefrontal Cortex

* *

Abused at index age vs abused at other ages

PFC GMV reduced 5.8% in subjects who experienced abuse at age 14 (n=4).



Density 
Abuse

9-10 years

Density 
Abuse

6-8 years

Density 
Abuse

11-13 years

Density 
Abuse

3-5 years

Density 
Abuse

14-16 years

Frontal Cortex
Gray Matter Vol.

-0.58
(p<0.0001)

0.42
(p<0.02)

0.49
(p<0.002)





Depression
Associated

with
Trauma/Loss



Reduction in both prefrontal cortex and hippocampal 
volume have been reported in subjects with depression.

Depression is the most common adult psychiatric 
consequence of exposure to childhood sexual abuse.  

Do young adults with exposure to CSA during 
hippocampal or prefrontal cortex sensitive periods have 
higher ratings of depression?

Depression





These studies suggest that there may be two 
separate types of depression associated with early 
stress.   

Early childhood abuse hippocampus, affective 
regulation.  

Adolescent abuse, subregions of the prefrontal 
cortex, and manifest more cognitive 
consequences. 

Depression



Childhood abuse has been associated with vulnerability 
to a host of psychiatric disorders and behavioral 
problems. Based on the present findings, there may be 
different abuse-related syndromes associated with 
particular ages of abuse and specific regional brain 
changes.

Sensitive Periods



Identifying sensitive periods may also provide insight into 
key ages at which stimulation or environmental 
enrichment may optimally benefit development of 
specific brain regions.

Windows of Opportunity



Delayed Effects of Early Abuse



Table I.  Relationship between age of experience of childhood sexual abuse and onset of depression.

AGE SES Hx yr3 yr4 yr5 yr6 yr7 yr8 yr9 yr10 yr11 yr12 yr13 yr14 yr15 yr16 yr17 yr18 yr19 yr20 yr21 yr22

20 2 Abuse

Depression

22 2 Abuse

Depression

20 2 Abuse

Depression

19 2 Abuse

Depression

20 5 Abuse

Depression

19 4 Abuse

Depression

21 2 Abuse

Depression

22 1 Abuse

Depression

21 1 Abuse

Depression

22 4 Abuse

Depression

21 3 Abuse

Depression

20 2 Abuse

Depression

20 2 Abuse

Depression

18 1 Abuse

Depression

21 2 Abuse

Depression



Subjects with History of Depression



Figure 3.  Relationship between age of experience of childhood sexual abuse and onset of PTSD.

SUBJ AGE SES Hx yr3 yr4 yr5 yr6 yr7 yr8 yr9 yr10 yr11 yr12 yr13 yr14 yr15 yr16 yr17 yr18 yr19 yr20 yr21 yr22
2 20 2 Abuse

PTSD
24 19 3 Abuse

PTSD
55 22 4 Abuse

PTSD
17 19 3 Abuse

PTSD
42 20 2 Abuse

PTSD
32 21 2 Abuse

PTSD
40 22 3 Abuse

PTSD
33 19 1 Abuse

PTSD

Yellow bars indicate years during which time childhood sexual abuse occurred.
Red bars indicate years during which time episodes of PTSD occurred.
Gray areas indicate years not yet lived at time of study for subjects younger than 22 years of age.



Delayed Effects of Early Stress

Overall, these findings are most compatible with 
the hypothesis that childhood exposure to sexual 
abuse sensitizes the individual to later emergence 
of depression during adolescence, and that it shifts 
the peak period of risk from mid-adolescence to 
early adolescence.



Delayed Effects - Sensitization

Major Depression

Bipolar Disorder

Substance Abuse
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Childhood Sexual Abuse



Brain Imaging

Region of Interest Global Perspective



VBM is a fully automated whole-brain 
morphometric technique that detects 
regional structural differences in gray 
matter volume between groups on a 
voxel-by-voxel basis. 

Voxel-Based Morphometry



Repeated Exposure to Childhood Sexual Abuse

Reduces gray matter volume 14.1% in left 
primary and secondary visual cortex.



Cortical Surface-Based Analysis



Childhood Sexual Abuse

Cortical

Thickness



Methods
Because of limitations on the resolution of MRI, it is difficult to
directly compute the location of the pial surface (21). Instead, we
construct an estimate of the gray!white boundary by classifying
all white matter voxels in an MRI volume. The surface of the
connected white matter voxels then is refined to obtain subvoxel
accuracy in the representation of the gray!white boundary, and
subsequently deformed outward to find the pial surface, as
described in ref. 22.

The basic technique described has been extended in a number
of ways and is similar in spirit to many deformable template
algorithms in the computer vision and medical image processing
literature (26–33). First, we use a multiscale analysis, similar to
the type described in ref. 34, to make the detection of the
gray!white and pial boundaries less sensitive to noise. In addi-
tion, because the cortex itself is smooth at the spatial scale of a
few millimeters (except in rare pathologies), we constrain the
surface representation to be smooth in a similar manner. The
machine vision and image processing research communities have
developed many techniques for constraining an evolving curve
or surface to be smooth, typically involving some form of
minimization of the mean or the Gaussian curvature (27, 35, 36).
This type of smoothness constraint is problematic for generating
a surface that faithfully reflects the gray!white or pial surface,
as there are highly curved regions at the fundi of sulci and the
crowns of gyri. A smoothness constraint that seeks to minimize
curvature will therefore result in surfaces that are inaccurate in
these regions.

To reduce this source of error, we compute the curvature of
patches of the surface, then alter the surface representation so
that the local surface has this curvature at the finest (i.e.,
millimeter) scale as well. This technique produces a surface that
is second-order smooth (i.e., has a continuous second deriva-
tive), in contrast to the curvature-reduction techniques, which
attempt to generate a surface whose second derivative is zero. In
localized regions in which the pial surface cannot be directly
resolved, the smoothness constraint allows the surface to be
accurately extended into ambiguous areas. In more extensive
such regions, a self-intersection constraint placed on the evolving
surface causes it to settle at approximately the midpoint of the
sulcus.†

It is important to note that, given a smooth underlying (true)
cortical surface, the accuracy of this procedure is not directly
limited by the voxel dimensions of the MRI data used to generate
the cortical model. Assuming that the radius of curvature of the
surface as well as the thickness of the tissue classes is greater than
the size of the voxels, and assuming sufficient contrast-to-noise
exists between the tissue classes, interpolation can be used to
achieve subvoxel accuracy.‡

The surface deformation is implemented by using gradient
descent with momentum (37). To prevent the surface from
intersecting itself, a spatial lookup table in conjunction with fast
triangle-triangle intersection code (38) is used, resulting in
computational complexity that is linear in the number of vertices
in the surface representation. Specifically, if the movement of

†Regions in which the border between opposing banks cannot be resolved and whose
thickness is asymmetric will, of course, then be inaccurate.

‡All intensity values and intensity gradients are sampled from the volume by using trilinear
interpolation.

Fig. 1. Coronal (Left) and horizontal (Right) slices of the left hemisphere with
gray!white (yellow) and pial (red) surfaces overlaid. The green crosses indi-
cate a point at which using the coronal view only would result in a dramatic
overestimation of the thickness of the cortex.

Fig. 2. Lateral views of the gray!white (Left), pial (Center), and inflated (Right) surface representations with cortical thickness measurements overlaid in a
red!green color scale.

Fig. 3. Histogram of thickness values in cortical regions of the subject shown
in Fig. 2. More than 99% of the surface is between 1- and 4.5-mm thick.
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Alterations in Cortical Thickness

Orbital Frontal Gyrus



orbital frontal gyrus



The orbitofrontal cortex (OFC) is a region of 
association cortex of the human brain involved 
in cognitive processes such as decision making.

In particular, the human OFC is thought to 
regulate planning behavior associated with 
sensitivity to reward and punishment.

Bechara, A.; Damasio, A. R.; Damasio H. & Anderson, S.W. (1994) 
"Insensitivity to future consequences following damage to human prefrontal 
cortex". Cognition 50: 7-15

Orbital Frontal Cortex



Activity in medial parts of the OFC is related 
to the monitoring, learning and memory of the 
reward value of reinforcers.

Activity in lateral OFC is related to the 
evaluation of punishers which may lead to a 
change in ongoing behavior.

Kringelbach, M. L. and Rolls, E. T. (2004) "The functional neuroanatomy of the 
human orbitofrontal cortex: evidence from neuroimaging and 
neuropsychology". Progress in Neurobiology 72: 341-372

Orbital Frontal Cortex



Destruction of the OFC through acquired brain 
injury typically leads to a pattern of disinhibited 
behavior. 

Examples include swearing excessively, 
hypersexuality, poor social interactions, 
compulsive gambling, excessive alcohol / drug 
use and poor empathic ability.

Orbital Frontal Cortex



Alterations in Cortical Thickness

Precuneus



The precuneus is the name for the postero- 
medial portion of the parietal lobe.

Precuneus



 The interconnected medial prefrontal regions and 
the posteromedial parietal cortex have been 
proposed to represent a network through which 
personal identity and past personal experiences are 
interlinked with one another, with the net 
interactions permitting us to move between 
representation and awareness of self.

Andrea E. Cavanna and Michael R. Trimble (2006). The precuneus: a review of its 
functional anatomy and behavioural correlates. Brain 129: 564-583.

Precuneus



 Autobiographical memory

Self versus non-self representation

Self-referential judgments

First- versus third-person perspective

Perceived agency

Mind reading/social cognition.

Andrea E. Cavanna and Michael R. Trimble (2006). The precuneus: a review of its functional anatomy 
and behavioural correlates. Brain 129: 564–583.

Precuneus



Does the nature of the abuse matter?



Verbal Abuse
*!#$^&@



Effects of parental verbal abuse on white matter 
tract integrity was assessed using Diffusion 
Tensor Imaging (DTI) on 16 healthy young adults 
exposed to parental verbal abuse (4M/12F, mean 
age 21.9±2.4 yrs), and 16 controls (5M/11F, 21.0
±1.6 yrs).

Diffusion Tensor Imaging



Arcuate Fasciculus

Verbal IQ



Cingulum Bundle

Depression
Dissociation



Fornix

Anxiety
Somatization



Verbal Abuse:  Voxel-based relaxometry

Increased T2-RT (decreased blood flow)
in parahippocampal gyrus



Verbal Abuse:  Voxel-based relaxometry

Increased T2-RT (decreased blood flow)
in anterior cingulate cortex



Verbal Abuse:  Voxel-based relaxometry

Increased T2-RT (decreased blood flow)
in cerebellar vermis



Witnessing Domestic Violence



Witnessing Domestic Violence



Witnessing Domestic Violence

Inferior Longitudinal Fasciculus

Connects visual cortex with limbic 
system.  Determines emotional 

response to things you see.







Drug Abuse
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Drug Abuse



Drug Abuse

Kendler and colleagues (2000) found in a well-
controlled epidemiological and cotwin study of 
women that non-genital childhood sexual abuse 
was associated with a 2.93-fold (OD ratio 95% 
CI: 1.39-6.16) increase in risk for drug-
dependence whereas CSA involving intercourse 
was associated with a 5.70-fold increased risk 
(95% CI 3.04 – 10.69).



Straus & Kantor (1994) investigated the possibility that 
corporal punishment put adolescents at increased risk of 
developing mental health and social relationship problems. 
Their analysis, which controlled for a number of possible 
confounding risk factors such as low socioeconomic status, 
found that children who experienced corporal punishment in 
adolescence had an increased risk later in life of depressive 
symptoms, suicidal thoughts, alcohol abuse, physical abuse of 
children, and wife beating.

Corporal Punishment and Substance 
Abuse



Corporal Punishment



Substance Abuse & Corporal Punishment





Physical Maltreatment and Drug/
Alcohol Abuse



Corporal Punishment

Right Medial Frontal Gyrus (Medial Prefrontal Cortex, BA10)



Corporal Punishment

Results: We observed  a significant 19.1% reduction 
in GMV in the  right medial frontal gyrus (medial 
prefrontal cortex; MPFC) in  individuals exposed to 
CP (BA10, p = 0.037, corrected cluster level) versus 
healthy controls.



Corporal Punishment

Results:  There was also evidence for a 14.5%  
reduction in GMV in the left medial frontal gyrus 
(DLPFC) (BA9, p = 0.015, uncorrected cluster level) 
and a 16.9% reduction in GMV in the  right anterior 
cingulate gyrus (BA24, p < 0.001, uncorrected voxel  
level).



David M. Amodio and Chris D. Frith.  Meeting of minds: the medial frontal cortex and social 
cognition.  Nat Rev Neurosci. 2006, 7(4): 268-277.



Effect of Corporal Punishment on Dorsolateral Prefrontal 
Cortex - by Age of Abuse



Density 
Abuse

6-8 years

Density 
Abuse

11-13 years

Density 
Abuse

9-10 years

Density 
Abuse

3-5 years

Density 
Abuse

14-16 years

Hippocampal
Volume

-0.69
(p<10-7)

-0.25
      (p<0.05)

0.41
(p<0.005)

0.58
(p<0.0001)

0.44
(p<0.005)

Area Rostral Body
Corpus  Callosum

Frontal Cortex
Gray Matter Vol.

-0.44
(p<0.005)

-0.48
(p<0.005)



Physical vs. Emotional Maltreatment
Drug & Alcohol Use

153 young adults with 3T imaging studies

Controls n=58 (20M/38F)

Emotional Maltreatment n=58 (16M/42F)

Physical Maltreatment n=37 (19M/18F)





Maltreatment



Controlling for age, gender, family history of drug abuse, family history of 
alcohol abuse.



Controlling for age, gender, family history of drug abuse, family history of 
alcohol abuse.



Harsh Corporal  Punishment



Dopamine Systems



Harsh Corporal  Punishment

Increased T2-RT (decreased blood flow) in right putamen



Harsh Corporal  Punishment

Increased T2-RT (decreased blood flow) in right caudate
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