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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.
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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.



• 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. 



• 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.



Impact of Developmental Trauma on Brain Function and Connectivity
Armes & Coben (2017), presented at ISNR conf Foxwoods, Connecticut

53 adult subjects with DT were compared to 23 controls using 19 channel and high density 64 channel EEG. 
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Eyes Closed: significant 
difference for path length (p < 
.038) and diameter (p < .011).

Eyes Open: significant 
difference for global efficiency 
(p <.o1), path length (p < .002), 
radius (p < .009) and diameter (p 
< .002)

Abuse groups differ from 
controls on diameter (p < 0.04), 
but not from each other.



Novel EEG Analysis pipeline

EEG data collection

Independent 
Components Analysis

Dipole Source 
Localization

Multivariate Granger 
Causality

Graph Theory Metrics



ICA/EEGLAB Scientists and Journals

o Journal of Neuroscience 
Methods

o Plos One
o Computational 

Intelligence and 
Neuroscience

o NeuroImage
o Computational 

Intelligence and 
Neuroscience

o Frontiers in Neuroscience
o Frontiers in Neural 

Circuits

o UCSD Swartz Center for 
Computational 
Neuroscience

o University of Oxford
o UCLA Semmel Neuroscience 

Institute
o MGH/Harvard Medical 

School
o Georgetowwn University 

Medical Center
o University of Michigan 

Neuroscience Department







Example: 25 year old woman with a history of emotional abuse as a child and adult. Presents with 
anxiety, panic, nightmares and dissociation.







Graph Theory: Network Dynamics



Graph Elements

◎Hubs: A node with links that exceeds average.

◎Low vs High Degree Hubs.

◎Provincial Hubs.

◎Modules.

◎Connector Hubs. 







Efficacy Studies in Support of 4 channel MVCNF (N = 591)

Population Sample Design Findings 1 Findings 2
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Learning 
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reading
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Study Methodology
◎Subjects were assigned to one of two groups (N = 40).

◎These included an experimental group that received the active treatment (four 
channel multivariate coherence neurofeedback (20),and an alternate treatment 
comparison group (N = 20) that received individual psychotherapy. All subjects 
had experienced significant developmental trauma.

◎All subjects in the experimental groups received four channel multivariate 
coherence training over 12-15 sessions.

◎Clinical ratings and therapist ratings (0-20) were derived at the completion of 
their treatment regimen. 

◎Client ratings were largely subjective and based on self-ratings only or parental 
ratings at the completion of training and during the process.

◎Therapist ratings were performed at the completion of training and were based 
on objective test findings including neuropsychological, behavioral and qeeg
findings that reflected change over time.

◎We also tracked the presence of negative symptoms, their severity and 
resolution during the training/treatment periods.

◎QEEG analysis of change included measures of power at the component level, 
dipole sources, spectral properties, and multiple measures of graph theory 
connectivity.



Hypothesis

Individuals with developmental trauma will demonstrate greater 

clinical improvement of statistical significance through 4-channel 

multivariate coherence training compared to those in 

psychotherapy. We also theorize that multivariate connectivity 

metrics will significantly improve among the experimental group.







Statistical comparisons for demographics across 
groups

Age Gender Handedness Medications

F = 2.32 X2 = 0.102 X2 = 0.229 F = 0.928

p = 0.136 p = 0.749 p = 0.633 p = 0.341























Graph Theory Connectivity Findings











Conclusions
◎MVCNF leads to enhanced client and therapist ratings of outcome 
and to a greater degree than traditional psychotherapy.

◎Client and therapist outcome ratings correlate but disagree with 
therapist ratings being higher (more accurate?).

◎Mild, negative symptoms are possible but often can be resolved. 
These do not differ from psychotherapy and are often related to 
medication usage.

◎Positive response to MVCNF in DT leads to decreases in delta, theta 
and beta activity over left temporal, precuneus (midline parietal), and 
right parietal brain regions. There were also increases in alpha and 
high beta over midline frontal (anterior cingulate) and right parietal-
temporal regions.

◎Positive responses are also seen with increases in multivariate 
connectivity, especially long range connectivity.




