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WHAT IS DEVELOPMENTAL TRAUMA?

• The Complex Trauma Taskforce of the National Child Traumatic Stress 
Network [Van der Kolk, B. A. (2005) Developmental Trauma Disorder, Psychiatric 

Annals, 35(5): 401-40] coined the term “Developmental Trauma Disorder” 
because most of the maltreated children did not  meet the criteria for 
PTSD.

• PTSD also cannot capture the multiplicity of physical, emotional, and 
sexual abuse.

• PTSD diagnosis does not also encompass the developmental effects, 
such as self endangering behaviors, self-hatred, self-blame, chronic 
feelings of ineffectiveness, and loss of body regulation in areas of 
sleep, food and self-care.



ADVERSE CHILDHOOD EXPERIENCES STUDY (ACE) 
[Anda, Robert F., et al. "The enduring effects of abuse and related adverse 

experiences in childhood." European archives of psychiatry and clinical 

neuroscience 256.3 (2006): 174-186.]

• Study of linkage between epidemiologic and 
neurobiological evidence of the effects of childhood 
trauma.

• Questions pertained to respondent’s first 18 years of life.
• Assessed 8 adverse childhood experiences: abuse 

(emotional, physical, or sexual); witnessing domestic 
violence; parental marital discord; growing up with-
mentally ill; substance abusing; or criminal household 
members.



3 TYPES OF ABUSES

• Text



ADVERSE CHILDHOOD EXPERIENCES STUDY (ACE)

• Information from medical review of systems (ROS), 
the physical examination (PE), and the ACE Study 
questionnaire (ACEQ) used to define the health-
related behaviors or problem sources.

• Behaviors: mental health disturbances; somatic 
disturbances; substance abuse; impaired childhood 
memory; sexuality; and perceived stress, anger 
control, and risk of intimate partner violence.



ACE SCORING
• The number of ACEs (range: 0–8) was summed to 

create the ACE scores, with scores of 4 or more 
included as one category (≥ 4). 

• Analyses were conducted treating the ACE score as 
4 dichotomous variables (yes or no for scores of     
≥ 4, 3, 2, and 1) with a score of 0 (no ACEs) as the 
referent.

• At least 1 ACE reported by 64% of respondents.
• As ACE score increased, mean number of comorbid 

outcomes increased.
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• Verbal abuse: higher grey matter volume (GMV) in 
auditory cortex and lower integrity of left arcuate 
fasciculus. Diminished arcuate fasciculus integrity 
associated with lower verbal IQ and comprehension. 

• Witness domestic abuse: Lower grey matter density 
in right lingual gyrus and reduced thickness in 
portions of visual cortex. Witnessing domestic 
violence between 11-13 years of age had 
considerable effect on thickness and volume.

• Sexual abuse: Lower GMV in primary visual cortex 
and visual association cortices directly correlate 
with duration of exposure before age of 12 and 
associated with deficit in visual memory.
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• Plasticity of the limbic system was found 
to be altered.

• Structural connectivity was lower for 
maltreated subjects in the left anterior 
cingulate (emotions), as well as the 
temporal pole, and medial frontal gyrus 
(social cognition and theory of mind). 

• In contrast structural connectivity was 
higher for maltreated subjects in areas 
such as precuneus and anterior insula, 
which are linked to self-awareness. 
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• Re-experiencing severity correlated positively with 

right anterior insula activity (involved in aspects of 

emotional states) and negatively with rostral 

anterior cingulate cortex activity (which can inhibit 

the amygdala.

• Re-experiencing correlated negatively with 

activation of right inferior frontal cortex (IFC), a 

region implicated in inhibition of movement and of 

emotional experience.

• Avoidance was negatively correlated with activation 

in three separate anterior cingulate cortex (ACC) 

clusters: left rostal ACC and SC, and bilateral  

dorsal ACC.

• Dissociation was negatively correlated with activity 

in left superior temporal cortex, as well as right 

anterior insula and right IFC.

Add figue 5



• 15 adolescent inpatients age (mean 

age 10.7 years, male:female=7:8, 

10 medicated) with a history of 

intense physical or sexual abuse. 

The control subjects were 15 

healthy volunteers (mean age 10.1 

years, M:F=6:9).

• Abused children had greater 

average left hemisphere coherence 

than normal children, but also 

significantly greater left vs right 
coherence.

Add figue 5



HYPOTHESIS

• Adults that experienced developmental trauma will 
show significantly different findings than those that 
did not have such a history. Regions may include 
those near the anterior cingulate, left frontal temporal 
and limbic regions and right posterior regions 
involved in social engagement and anxiety/fear. We 
theorize that connectivity anomalies will be found as 
well.



METHODS

• Study 1: 50 subjects underwent 19 channel EEG EC and 
EO. 34 experimental (hx of abuse) vs. 16 normal controls. 
For post-hoc analyses the exp group was divided in abuse 
groups with 19 suffering emotional abuse/neglect and 15 
physical/sexual abuses.

• Study 2: 19 subjects underwent 64 channel EEG EC and 
EO. 12 experimental (hx of abuse) vs. 7 normal controls.

• Dependent measures included log power, source localized 
activations, graph theory connectivity metrics.
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GRAPH THEORY





GRAPH THEORY METRICS

• Clustering coefficient is a measure of the degree to which nodes in a graph 
tend to cluster together. Cluster coefficient of a node is always between 0 
and 1

• Average path length- average number of steps along the shortest paths for 
all possible pairs of network nodes

• Global efficiency- measure of how efficiently a network exchanges 
information

• Radius- minimum eccentricity (distance from one node to another) of any 
vertex. 

• Diameter- maximum eccentricity of any vertex
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o Experimental v control group demographics

o No significant difference for gender and handedness

o Age was significantly different (p .014). Mean age of groups was 31.7 years 

(sd 19.21) for exp and 19.38 (sd 1.36) for controls

o Eyes closed graph theory metrics

o No significant differences for clustering coefficient, global efficiency and 

radius

o Significant differences seen for path length (p .038) and diameter (p .011) 

o Mean path length for exp 29.89 (sd 20.5) and controls 17.877 (sd 5.23)

o Mean diameter for exp 74.62 (sd 48.34) and controls 38.97 (sd 15.51)





o Eyes open graph theory metrics

o No significant difference for clustering coefficient

o Significant difference for path length (p .002), global efficiency (p .01), 

radius (p .009) and diameter (p .002)



o Comparing abuse groups to control group. Physical/sexual, 

emotional/neglect, and controls.

o No significant difference for age, gender or medication usage

o Significant difference for age between the groups (p .009)

o No significant difference for age between the abuse groups

o Eyes closed graph theory metrics

o No significant difference for clustering coefficient, path length, global 

efficiency or radius

o Significant difference for diameter (p .04)

o Diameter means physical/sexual abuse 74.58 (sd 46.98), emotional 

abuse/neglect 74.66 (sd 51.23) and controls 38.97 (sd 15.51)

o No difference in diameter comparing abuse groups





o Eyes open graph theory metrics

o No significant difference between the three groups for clustering coefficient

o Significant differences for path length (p .004), global efficiency (p .038), radius 

(p .009) and diameter (p .006)

o Post hoc tests of significance across the three groups show that the abuse 

groups are different than the control group but no different from each other.
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o EEG/ICA capable of demonstrating differences and regions of interest

o Individuals that experienced abuse as children show wide spread power 

anomalies as adults that include multiple frequencies (theta, alpha and beta 1)

o Dipole localization suggests regions of interest that are likely critical to their 

challenges and consistent with other forms of neuroimaging

o These include midline frontal, medial - posterior left frontal/temporal (insula), 

precuneus, and right occipital/parietal/temporal regions of the brain. 

o The majority of these include localizations to white matter tracts that connect 

cortical to limbic regions of the brain.

o Extensive anomalies of connectivity suggesting that communication between 

nodes, especially long range connectivity is problematic.

o At least in term of connectivity difficulties, abuse groups do not differ. This is, 

whether you experience physical, sexual or emotional abuse your brain 

pathways and their functioning are altered similarly.



o 19 channel data is severely limited in it’s ability to source localize activity to 

deeper structures and white matter pathways

o Study 2’s low sample size may limit some of it’s findings and generalization

o More data and types of analyses may help us find even more interesting 

relationships

o Implications for intervention: 

o Regions of interest may be points of feedback

o Alpha and Beta 1 inhibition

o Connectivity training may offer further access to systems that seem critical to 

functioning
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THANKS! 
Any questions? 
You can find us at: 

www.integrated-neuro.com

https://www.facebook.com
/IntegratedNeuroscienceSe
rvices/

Colleagues involved in this project:

Iman Rezazadeh, PhD

HRL Boeing Labs, UCLA Semmel 

Neuroscience Institute

Tarik Bel-Bahar, PhD

University of Michigan Medical 

School/Neuroscience Program

Resources:

EEGLAB

Multivariate Granger Causality 

Toolbox

Causality Toolbox

http://www.integrated-neuro.com/
https://www.facebook.com/IntegratedNeuroscienceServices/

