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Abuse and neglect occurring in childhood have been associated with a number of 

functional and physiological effects on the brain. This study extends previous research that 

investigated the quantitative electroencephalogram (qEEG) patterns in children with histories of 

relational trauma through the inclusion of additional participants and measures. As in previous 

studies, the relative power, absolute power, and coherence values in children with histories of 

abuse were compared to the Neuroguide database. Results did not show any significant 

differences in relative or absolute power in the theta range. Similarly, there were no significant 

coherence differences. Database comparisons were also made using low resolution 

electromagnetic tomography (LORETA) in order to determine which sub-cortical brain 

structures may be affected by abuse or trauma, though there were no significant differences in 

any frequency (0-30Hz). A review of the literature suggests that the prevalence of mu in normal 

adults and children ranges from 0 to 19%. The present study found a mu prevalence rate of 60.6% 

in the children who experienced abuse or neglect. Finally, comparisons were made between 

participants who demonstrate a mu pattern and those who do not to determine if this pattern is 

associated with certain behavioral and/or attention problems as assessed by the Child Behavior 

Checklist (CBCL) and the Tests of Variables of Attention (TOVA), respectively. There were no 

significant differences between children with a mu pattern versus children who did not exhibit a 

mu pattern on the Social Problems, Thought Problems, or Attention subscale scores on the 

CBCL or on the Commission subscale score on the TOVA. 
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INTRODUCTION 

 Normal brain development is a dynamic process that relies on the precise timing of 

events within critical sensitive periods, beneficial environmental influences, and optimal gene 

functioning. Historically, brain development has been studied as the product of genetic 

expression, but research conducted over the last forty years supports the long held belief that 

experience affects genetic expression, and therefore, brain structure and functioning. Although 

many types of experience have the potential to influence brain development, trauma and abuse 

experiences are receiving increasing levels of investigation due to experimental animal studies 

and correlational human studies that provide evidence of the profound and sometimes irreparable 

effects that emotional trauma has on brain development.  

While several models have been proposed to account for the mechanisms by which 

trauma affects brain development, research overwhelmingly points to the negative effects of 

prolonged exposure to stress as a primary contributor to neural damage (Kobak, Cassidy, Lyons-

Ruth, & Ziv, 2006). The stress response systems of the body are equipped to assist the individual 

in dealing with discrete, short-term threatening situations. When an individual is exposed to 

repeated or long-term stressors, it is hypothesized that the stress response systems become 

dysregulated. It is the changes that result from this dyregulation that can cause damage to bodily 

systems, particularly the immune and central nervous systems.  

 

Normal Brain Development 
 

From the time of conception, the generation and organization of brain tissue depends on 

specific genetic information that is carried out in a step-wise fashion. This genetic plan is 

influenced by environmental factors such as maternal hormone levels and exposure to toxic 
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agents. (Steingard & Coyle, 1998). Neurochemicals act as cues to prompt genes to begin each 

phase of development. In this way, each phase is dependent on the outcome of the preceding 

phases of development, making early disruptions in the process more detrimental to the 

organization and maturation of the nervous system than later disruptions (Steingard & Coyle, 

1998).  After birth, the child’s brain continues to develop according to the genetic plan, but 

experiences such as mental stimulation and parental care have an increasing role to play in the 

neural networking and the architecture of brain structures. 

Cowan (as cited in Cicchetti & Curtis, 2006) described the eight major stages that are 

involved in the development of all structures of the brain: 1) the induction (production) of the 

cells that become the neural plate; 2) the localized proliferation of cells via mitosis in various 

regions 3) the migration of cells from the region of origin to the appropriate area 4) the 

aggregation of cells to form identifiable parts of the brain; 5) the differentiation (expression) of 

the immature neurons; 6) the formation of axonal pathways and synaptic connections with other 

neurons and the onset of physiological function; 7) the selective death of certain cells; and 8) the 

elimination of unused connections and the strengthening of others. Once the basic structures of 

the brain are in place, the brain continues to develop through the production of new neurons, 

strengthening of some neural pathways, pruning of some neurons and neural pathways, increased 

dendritic branching, and myelination of axons.  Through these mechanisms, the brain remains 

plastic and changeable throughout the lifespan.  

At birth, infants have 25-33% of their adult brain volume (Toga, Thompson & Sowell, 

2006). During early childhood, there is growth of the cortical grey matter and regions of the 

corpus callosum (Geidd, Blumenthal, Jeffries, Castellanos, et al., 1999; Geidd, Blumenthal, 

Jeffries, Rajapakse, et al., 1999). The corpus callosum connects the two hemispheres of the brain 
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and allows for interhemisheric integration of sensory, motor and cognitive experiences 

(Seymour, Reuter-Lorenz, & Gazzaniga, 1994). Limbic system and subcortical structures also 

increase in size during early childhood (Geidd, Blumenthal, Jeffries, Castellanos, et al., 1999). 

These structures are responsible for affect regulation and emotional memory. While most deep 

grey-matter nuclei tend to lose volume in adolescence, the amygdala and hippocampus continue 

to increase in volume throughout childhood and adolescence (Toga, Thompson & Sowell, 2006). 

It is clear that any disruption that occurs in the development of these brain areas would have far-

reaching consequences for the individual. For instance, it has been demonstrated that cerebral, 

temporal lobe, hippocampal, and cerebellar volume are positively correlated with IQ (Andreason 

as cited in Koenen, Moffott, Caspi, Taylor & Purcell, 2003). Thus, anything that interferes with 

the normal growth and development of the brain has important implications in the areas of 

emotional, motor, cognitive, and perceptual abilities.    

During normal development the electrical activity of the brain speeds up as the individual 

matures. For example, the dominant electrical activity in newborn infants occurs in the delta (1-4 

Hz) bandwidth of activity. Delta and theta (4-8 Hz) activity continue to be the dominant 

bandwidths until about four years of age. With increasing age these slower frequencies are 

replaced with increases in alpha (8-12 Hz) and beta (12-30 Hz) activity. This speeding up pattern 

continues through approximately age fourteen when the dominant electrical activity is in the 

alpha range, typically from 9 to 11 Hz (Clarke, Barry, McCarthy & Selikowitz, 2001).   

 

HPA/NE System Dysregulation Effects on Normal Brain Development 
 

Aversive stimulation results in the activation of two regulatory systems, the sympathetic 

nervous system/adrenal medulla (SAM) and the hypothalamic-pituitary-adrenal system (HPA) 



4 

(Tevarthen, Aiken, Vandekerckhove, Delafield-Butt & Nagy, 2006). The SAM system is 

commonly thought of as the fight or flight system. Activation of SAM leads to the release of the 

glucocorticoids epinephrine and norepinephrine, which have effects on the peripheral and central 

nervous systems. When the individual perceives a stressful event, the locus ceruleus is activated 

and releases catecholamines, particularly norepinephrine. This norepinephrine affects the brain 

and adrenal medulla, leading to increased heart rate, blood pressure, and alertness (De Bellis, 

Baum, et al., 1999).  

The HPA axis, also known as the distress or conservation-withdrawal system, is slower 

acting than the SAM system (Tevarthen et al., 2006). When a stressful stimulus is perceived, the 

hypothalamus releases oxytocin, vasopressin and corticotropin releasing hormone (CRH) 

(Taylor, et al., 2000; De Bellis, Baum, et al., 1999). CRH activates the anterior lobe of the 

pituitary, which secretes adrenocorticotropin hormone (ACTH) into the bloodstream. The ACTH 

acts on the adrenal cortex and prompts the release of glucocorticoids (GCs) (cortisol in humans).  

GCs cause increased synthesis of glucose, they inhibit growth and reproductive systems, and 

they moderate the inflammatory response to injury (Putnam, 2005). GCs inhibit their own 

production via negative feedback by prompting the hypothalamus, pituitary and hippocampus to 

suppress the release of CRH and ACTH. This action prevents the release of damaging levels of 

GCs in the short term, but chronic exposure can cause long-term damage to structures in the 

brain (De Bellis, Keshavan, et al., 1999).  

The limbic system is particularly sensitive to the effects of stress hormones because of 

the large numbers of stress hormone receptors present in this system (Trevarthen et al., 2006). 

When confronted with an aversive stimulus, the amygdala is activated leading to fear and 

anxiety, which prepares the organism to react to the situation. The amygdala has many CRF 
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receptors and the activation of these receptors leads to the release of corticosterone and ACTH. 

The cingulate cortex, which is responsible for goal directed motor activity, has a great number of 

cortisol receptors and thus is sensitive to high levels of this hormone. Similarly, the hippocampus 

has many glucorticoid receptors; and when this structure is exposed to high levels of these 

hormones, the result is pyramidal neuronal death and decreased dendritic branching within the 

hippocampus (Trevarthen et al., 2006).  

 Because of the well-known effects of stress hormones on the brain, many studies attempt 

to measure the levels of stress hormones and correlate this data with some aspect of the 

individual’s functioning. The research that looks at cortisol, CRH, and ACTH levels as markers 

of dysregulated stress reaction systems have found mixed results that tend to depend on the time 

of measurement, the type of measurement (urinary, salivary or cerebrospinal fluid 

concentrations), gender, type of trauma, number of traumatic events and timing in the 

developmental cycle of when the trauma occurred.  

The research conducted with adults with a diagnosis of posttraumatic stress disorder 

(PTSD) seems to be relatively consistent across studies, showing decreased basal cortisol levels 

(Boscarino, 1996; Yehuda, Teicher, Trestman, Levengood & Seiver, 1996) with corresponding 

spikes in response to stress, a paradoxical increase in CRH, elevated ACTH production 

following the introduction of CRH, increased lymphocyte glucocorticoid receptors and increased 

sensitivity of the catecholamine system (Putnam, 2005; De Bellis, Baum et al., 1999; Bremner et 

al., 2003). Early exposure to trauma may lead to additional decreases in basal cortisol. For 

instance, a study by Stein, Yehuda, Koverola, and Hanna (1987) showed that women who were 

raped as adults and had histories of childhood sexual abuse (CSA), showed lower basal cortisol 

levels than rape victims without a history of CSA.  



6 

The studies of children with histories of abuse show much greater variation in results 

(Putnam, 2005). One study showed that children from low socioeconomic (SES) backgrounds 

had higher levels of cortisol in comparison to controls (Lupien, King, Meaney, & McEwan, 

2000). Similarly, sexually abused girls had higher levels of cortisol when compared to children 

without histories of abuse (De Bellis & Putnam, 1994). In contrast, another study found 

decreased cortisol in sexually abused girls aged 5-7 years old (King, Mandansky, King, Fletcher, 

& Brewer, 2001). The type of abuse appears to be one of the factors affecting these findings. 

Children who experienced both physical and sexual abuse had higher morning cortisol levels 

while those experiencing physical abuse had lower cortisol levels (Cicchetti & Rogosch, 2001). 

Thus, using cortisol levels as a measure of dysregulated stress response systems appears to show 

consistent results in adults but variable results in children. One reason for the difference in 

findings may relate to the researcher’s definition of “maltreatment.” The concept of child 

maltreatment is heterogeneous with differences in the type of maltreatment, severity, duration, 

timing of maltreatment within the developmental period, gender, genetics and the presence of 

other sources of stress, such as economic disadvantages and parental psychopathology (Gunnar 

& Vazquez, 2006).  

 

Behavior and Emotion Outcomes Related to Abuse 
 

While not all children who experience abuse will develop emotional and behavioral 

difficulties, children with abuse histories do show significantly more externalizing behaviors 

such as aggression, conduct disorders, and delinquency as well as internalizing problems 

including anxiety, depression and disrupted peer relationships (Lansford et al., 2006). Adults 

with histories of childhood abuse have higher rates of major depression, borderline personality 
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disorder, somatization disorder, substance abuse, PTSD, dissociative identity disorder and 

bulimia nervosa (Putnam, 2005). While the factors that protect some individuals who have been 

abused from developing psychopathology have not been definitively identified, a variety of 

factors including the number of traumatic events experienced, early occurring abuse and 

experiencing more than one type of abuse appear to be risk factors that increase the likelihood of 

developing maladaptive symptoms. Anda and colleagues (2006) found a dose-response 

relationship between the number of adverse childhood experiences and the number of comorbid 

outcomes in affective, somatic, substance abuse, memory, sexual and aggression related 

domains. They hypothesize that the cumulative effect of multiple stress events results in 

impairment in a greater number of brain structures and functions. A study by Keiley, Bates, 

Dodge, and Pettit (2000) using epidemiological data found that children who experience physical 

abuse prior to age five were significantly more likely to develop internalizing and externalizing 

problems than were children who experienced physical abuse after age five.  

 

Gender Differences 
 

Gender also appears to play a role in how adverse behavioral outcomes are manifested. In 

general, boys tend to display higher levels of externalizing behavior, whereas girls exhibit more 

internalizing difficulties (Merrell &Dobmeyer, 1996; Keiley et al., 2000). This difference may be 

attributed to differing mechanisms of HPA dysregulation. For instance, Carrion et al. (2002) 

found that girls with PTSD had higher basal cortisol levels than boys, though this gender 

difference was not present in normal controls. A second study also found that girls had higher 

levels of cortisol at mid-day and late afternoon than boys (Klimes-Dougan, Hastings, Granger, 

Usher, & Zahn-Waxler, 2001). Though not universal, low HPA activation levels are associated 
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with externalizing and aggressive behaviors and high levels of adrenocortical activation are seen 

in children with internalization difficulties (Fox, Hane, & Perez-Edgar, 2006). 

Most PTSD research has been conducted in men who were exposed to combat-related trauma 

(Hegadoren, Lasiuk, & Coupland, 2006). However, it has been found that women are twice as 

likely to develop PTSD as men (Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995). 

Epidemiological evidence suggests that women experience higher levels of interpersonal 

violence, including sexual abuse and rape than do men. Herman (as cited in Hegadoren et al., 

2006) hypothesized that powerlessness is an important contributor to the development of PTSD 

based on the finding that only prisoner-of-war experiences rival interpersonal violence as a risk 

factor for developing PTSD.  

The work of Taylor et al. (2000) suggests that the way that men and women respond to 

stress differs and may also account for the differences in prevalence rates of PTSD in these two 

populations. The researchers propose that while females may initially respond to stress with 

either a flight-or-flight reaction, more long-term stress tends to result in a tend-or-befriend 

response that causes females to engage in nurturing activities that ultimately protect themselves 

and their offspring. Taylor et al. hypothesize that these different stress responses are the result of 

hormones, particularly oxytocin, which evidences calming effects. In animals, injections of 

oxytocin decrease blood pressure and the behavioral manifestations of anxiety (Hegadoren, 

2006). This effect is enhanced by the presence of estrogen, but is decreased by testosterone 

(Taylor et al., 2000). It is interesting to note that when rats engage in high levels of maternal care 

in the form of licking and grooming, their female pups tend to have more oxytocin receptors in 

the amygdala, while their male pups show higher levels of vasopressin in the amygdala (Putnam, 

2005). Oxytocin plays an important role in both social attachment and stress modulation, leading 
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to the theory that it is responsible for the tend-and-befriend stress response more frequently seen 

in females (Hegadoren et al., 2006).   

Other indices of metabolic functioning may also illustrate gender differences that relate to 

behavioral outcomes. For example, work by Haviland et al. (2006) suggests that thyroid hormone 

output is decreased in sexually abused girls and these decreases correlate with conservation-

withdrawal behaviors. This was in contrast to Wang and Mason’s (1999) investigation of thyroid 

hormone levels in male combat veterans, which showed higher (though still normal) hormone 

levels that correlated with increased arousal.  

 

Brain Differences Associated with Abuse and/or PTSD 
 

Cushing syndrome and depression are examples of disorders that are characterized by 

high levels of cortisol (Putnam, 2005). Sapolsky (2000) found a significant correlation between 

hippocampal atrophy and high cortisol levels in individuals diagnosed with these disorders. 

Bremner et al. (2003) used magnetic resonance imaging to compare the hippocampal volumes of 

adult survivors of abuse to normal controls.  They concluded that the hippocampal structures of 

these patients were 12% smaller than normal controls, though other structures such as the 

amygdala, caudate and temporal lobe did not appear to be affected. A 1997 study by Stein et al. 

also showed hippocampal size reduction that was correlated with the degree of the adult patient’s 

dissociative and PTSD symptoms. In contrast, Teicher (2002) found no difference in 

hippocampal volume, but did see reduced volume in the left amygdala of young adults with 

histories of forced sexual abuse. In adults diagnosed with PTSD following trauma due to 

witnessing an air show crash, there was no evidence of hippocampal atrophy 15 years after the 

event (Jatzko et al., 2006). Teicher and Jatzko hypothesized that hippocampal atrophy was not 



10 

seen in their participants because stress exerts a gradual effect on the hippocampus, so gross 

anatomical effects may not be seen until much later. Jatzko et al. (2006) noted that all of the 

studies that have found reduction in hippocampal volume have been conducted with individuals 

who experienced trauma at least 18 years prior to measurement.  

 Research suggests that abuse may also be related to overall brain atrophy, corpus 

callosum abnormalities and damage to the cerebelar vermis. Work done by Teicher et al. (1997) 

and De Bellis, Keshavan et al. (1999) suggests that children, particularly boys, who have been 

mistreated have significantly reduced corpus callosum size. In addition, De Bellis and Keshevan 

(2003) found generalized brain atrophy that correlated to the severity of the experienced abuse. 

In 2005, De Bellis showed that maltreated individuals with PTSD showed reductions in 

prefrontal white matter, frontal cortices, and right temporal lobe volumes.  

 

Electroencephalograph (EEG) Changes 
 

Apart from the structural and neurochemical changes that may be occurring, several 

studies have demonstrated that the functional capacity of the brain is altered, as seen using 

electroencephalograph (EEG) data. Most evidence to date indicates that physical and sexual 

abuse has a differentially greater effect on the left hemisphere of the brain. Two studies have 

found abnormalities in the anterior frontal cortex, particularly on the left side (Ito et al., 1993; 

Schiffer, Teicher, & Papanicolaou, 1995). A study by Teicher et al. in 1997 investigated the 

effects of childhood trauma on EEG coherence, which is a measure of connectivity between 

brain regions. Their findings suggest that in comparison to healthy controls, children who 

experienced trauma had hypercoherence in the left hemisphere indicating less development or 
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differentiation in this area. In addition, the two groups did not differ significantly on measures of 

right-side coherence.   

Otero, Pliego-Rivero, Fernández, and Ricardo (2003) conducted a six-year prospective 

study of 22 pre-school children who experienced social stress and low socioeconomic status 

(SES). Their results showed that children in the low SES/high social stress group had higher 

relative power in the slower brainwave frequencies (delta (0-3 Hz) and theta (4-7 Hz)) at ages 4 

and 5 and continued to have more theta at age 6 when compared to children who were not 

culturally disadvantaged. Though relative power in the faster brainwave frequency (beta (12-30 

Hz)) was not assessed, low SES/high social stress children had less alpha activity (8-11 Hz) than 

normal children. They concluded that although both groups showed typical EEG maturational 

patterns, low SES/high social stress children lagged behind their normal counterparts in the 

speed of maturation. 

In an oral presentation at the 2002 International Society of Neuronal Regulation (ISNR) 

annual conference, Black, Hudspeth, Townsend, and Bodenhamer-Davis reported that adults 

with a history of childhood sexual abuse (CSA) had more EEG abnormalities (e.g., epileptiform 

events, low voltage fast patterns, and temporal alpha rhythm- see the Definition of Terms section 

in the appendix) than the sample of normal adults. These findings mirrored those of Ito et al. 

(1993) in which children who had experienced sexual abuse had increased EEG abnormalities 

such as paroxysmal events, asymmetries, and/or regions of focal slowing.  

Similarly, significant quantitative electroencephalogram (qEEG) differences were seen in 

a study investigating the qEEG patterns of 21 children with histories of abuse who were in foster 

care or adoptive settings (Dunn, Davis, Huang-Storms & Bodenhamer-Davis; 2005). Abused 

children evidenced maturational lag and significantly less frontal delta relative power, though 
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this latter finding is believed to be a measurement artifact common to some qEEG databases. In 

addition, most abused children in this study showed elevated levels of theta frontally, though the 

finding was not significant when the z-scores were averaged across all individuals in the study. 

Finally, there were no significant coherence differences in abused children relative to the 

database when the z-scores were averaged, but the subjects had more significant z-score 

hypocoherence differences in the right hemisphere than any other coherence finding. This 

differed from results found by in a 2002 study which found increased connectivity 

(hypercoherence) in the left hemisphere and decreased coherence (hypocoherence) posteriorly in 

adults with a history of childhood sexual abuse (Black, Hudspeth, Townsend & Bodenhamer-

Davis, 2008).  

 

The Mu Rhythm 

The mu rhythm is a wicket-shaped waveform that occurs in the 8 to 12 Hz range over the 

pre and post-central region, though it may also extend to the parietal area in some cases. When 

using a standard international 10-20 system electrode placement (Jasper, 1958), mu is most 

frequently seen maximally over C3 and C4 sites (Niedermeyer & Lopes da Silva, 2005). The mu 

rhythm is traditionally viewed as a normal variant with prevalence rates ranging from 0% to 19% 

in normal healthy adults and children (Niedermeyer & Lopes da Silva, 2005; Tyner, Knott & 

Mayer, 1983).   

Although the mu rhythm is fairly common, research also indicates that mu may be related 

to specific disorders and symptoms. For instance, some research suggests that a prominent mu 

pattern may be related to headaches, migraine, asthma, tinnitus, hypertension, hyperthyroid 

conditions, benign rolandic seizures, and low pain threshold (Niedermeyer & Lopes da Silva, 
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2005).  McDonald and Bars (1998) investigated mu prevalence rates among a population of 

adolescent psychiatric patients and found a higher than typical prevalence rate of 58%. In 

addition, mu was found more often in individuals with ruminating behaviors. Researchers are 

increasingly investigating a possible relationship between the presence of mu rhythms and a 

diagnosis of autism, particularly when mu does not attenuate upon observing the movement of 

others (Oberman et al., 2005; Coben & Hudspeth, 2006). Preliminary results from dissertation 

research conducted by Lori Simms suggest that individuals who present to the University of 

North Texas (UNT) neurotherapy lab have higher than typical mu prevalence rates. In addition, 

there was a significant difference between the group with mu and the group without mu on the 

Child Behavior Checklist (CBCL) scores in the areas of Social Problems, Thought Problems and 

Attention.  The groups also differed significantly on the Tests of Variables of Attention (TOVA) 

Commission score, though the result was no longer significant after adjusting for multiple 

comparisons (Personal communication with Lori Simms, January 2008). In short, the precise 

significance of the mu rhythm in brain development is unknown and further study is needed 

(Niedermeyer & Lopes da Silva, 2005).   
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PURPOSE AND HYPOTHESES 

To date, electroencephalogram (EEG) and quantitative electroencephalogram (qEEG) 

analysis techniques have been used to explore the cortical electrical features of subjects with 

abuse histories, but so far no studies describe electrical brain abnormalities in subcortical areas to 

see if these areas correspond to other neuroimaging findings. Research suggests that the 

structures that are most affected by trauma are the hippocampus, prefrontal white matter, and the 

right temporal lobe (Bremner et al., 2003; De Bellis 2005). The subcortical electrical activity can 

be examined through the use of low resolution electromagnetic tomography (LORETA), which 

is a method of estimating the localization of subcortical activity using an inverse solution of the 

cortical electrical activity that is measured at the scalp. A review of the literature also indicates 

that no research has been conducted in order to determine the prevalence rate of the mu pattern 

in individuals with abuse histories or if the mu pattern is associated with problems of attention 

and behavior in this population.  

The purpose of the current study is to expand earlier research that investigated the qEEG 

patterns in children with histories of physical or sexual abuse or neglect. The expansion includes 

the addition of more participants and used LORETA in order to explore the electrical patterns in 

the sub-cortical brain structures that may be affected by abuse or trauma. In addition, qEEG 

records were reviewed for the presence of the mu pattern in abused children. Comparisons were 

made between individuals who have a prominent mu pattern and those who do not to determine 

if they differ significantly on measures of behavior and attention. This research tested the 

following hypotheses: 

1) The children with histories of physical or sexual abuse or neglect subjects’ relative 

power values will show significantly more frontal theta than normal database controls. 
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2) These subjects will have significantly more right hemisphere hypocoherence than 

normal database controls.   

3) These subjects will exhibit significant deviations from normal LORETA database 

controls in hippocampal, prefrontal, and right temporal lobe areas.  

4) There will be a higher prevalence of mu in the children with histories of physical or 

sexual abuse or neglect subjects than would be present in the normal population.  

5) Subjects with a mu pattern will have significantly higher CBCL subscale scores in the 

areas of Social Problems, Thought Problems, and Attention in comparison to subjects 

who do not evidence mu.  

6) Subjects with a mu pattern will have significantly higher TOVA Commission scores in 

comparison to individuals who do not evidence mu.  
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METHODS 

Participants 

Files of 33 abused children were selected from the neurotherapy practice of Richard E. 

Davis, MS. All children had been removed from their homes due to physical or sexual abuse or 

neglect and fostered and adopted through the Texas Child Protective Services system. All abused 

subjects for quantitative electroencephalogram (qEEG) and low resolution electromagnetic 

(LORETA) analysis were between the ages of 5 and 17 with a mean of 10.81 years (SD = 3.24) 

(see Table 1).  In the abused group, there were 15 females (45.5%) and 18 males (54.54 %).  

The qEEG records were examined to determine how many individuals have a mu pattern. 

An age and sex-matched comparison group without a mu pattern was selected from archived 

files from the UNT neurotherapy lab and from the private neurotherapy practice of Richard E. 

Davis, MS. The mu group for the Child Behavior Checklist (CBCL) comparison consisted of 13 

subjects between the ages of 5 and 15 years with a mean of 9.78 years (SD = 3.12). There were 8 

males (62%) and 5 females (38%) (see Table 2). The no mu group for the CBCL comparison 

consisted of 13 children between the ages of 5 and 15 years with a mean of 9.79 years (SD = 

3.06). As in the abused group, there were 8 males (62%) and 5 females (38%). None of the 

subjects were excluded due to medication usage. Ten of the individuals in the mu group were 

taking prescription medications compared to 5 individuals in the no mu group. For the TOVA 

Commission score comparison, the mu group consisted of 5 children between the ages of 7 and 

15 years with a mean of 11.35 years (SD = 3.32). There were 3 males (60%) and 2 females 

(40%) in the mu group (see Table 3). The no mu group for the TOVA comparison consisted of 5 

children between the ages of 7 and 15 years with a mean of 11.17 years (SD = 3.08). In the mu 

group, four of the subjects were taking prescription medications and two subjects in the no mu 
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group were taking prescription medications. See Tables 2 and 3 for demographic information and 

a list of the medications each subject was taking.  

 

Instruments 

Quantitative Electroencephalography  

Electroencephalography (EEG) is the measurement of the electrical field activity 

produced by the excitatory and inhibitory postsynaptic potentials of the cortical neurons. The 

electrical activity is recorded through 19 sensors that are placed on the scalp according to the 

international 10-20 measuring system, using linked-ears as a reference. For the current study, 

EEG recordings were obtained with either a Lexicor Neurosearch 24 system or a Deymed 

TruScan 32 digital system. On the Lexicor equipment, bandpass filters were set at .5 to 30 Hz, 

and the sampling rate was set at 128 samples per second. On the Deymed equipment, bandpass 

filters were set at .5 to 80 Hz and the sampling rate was set at 128 samples per second. All 

impedances were below 10 K ohms or equal to within 1 K ohm between sites. The EEG was 

recorded in both eyes closed and eyes open conditions. 

In quantitative electroencephalography (qEEG), the EEG record is visually inspected in 

order to choose recording epochs that are free of artifacts such as eye movement, muscle activity 

and drowsiness. The chosen epochs are then analyzed using fast Fourier transformation to 

produce color topographic maps and spectral analysis that includes measures of absolute power, 

relative power, single band magnitude, coherence, asymmetry, and phase. For the current study, 

the records were visually inspected and edited to remove artifact using NeuroRep (Hudspeth, 

1999) software. At least thirty epochs of each record were chosen via visual inspection for fast 
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Fourier transformation. The resulting records were then exported to the Neuroguide lifespan 

database (Thatcher, Biver, Walker, North, & Curtin, 2000) for z-score analysis.  

Neuroguide was chosen as the comparison database because it is widely available and 

includes child controls. The Neuroguide database consists of 625 participants ranging in age 

from 2 months to 82 years. Four hundred seventy (75.2%) of the participants were below the age 

of 18 years. Of the total number of participants, 56.8% were male and 43.2% were female. 

Participants were screened to determine that they had an uneventful prenatal, perinatal and 

postnatal period, no disorders of consciousness, no history of central nervous diseases, no 

convulsions either febrile or psychogenic and no abnormal deviation with regard to mental and 

physical development. Neuropsychological tests consisted of the Wechsler Intelligence Scale 

(WAIS) for participants who were 17 years or older and the Wechsler Intelligence Scale for 

Children (WISC) for participants between the ages of 6 and 16.99 years (Lorenson & Dickson, 

2003).  

The method for establishing the presence of a mu pattern consisted of visually inspecting 

the raw EEG record to determine if there were wicket-shaped waveforms at C3 and/or C4 sites in 

the 8 to 12 Hz range. Additionally, the eyes open relative power maps were inspected in the 

Laplacian montage to determine if there was increased power at C3 and/or C4 in the alpha range 

(see Appendices A and B for examples). If both criteria were met, the subject was selected for 

the mu pattern group. If only one of the criteria were met, the subject was excluded from the 

portion of the analysis that concerned the presence or absence of a mu pattern.  

Low resolution electromagnetic tomography (LORETA) is a method of estimating the 

distribution of subcortical electrical activity through an inverse solution using the cortical 

electrical activity measured by scalp electrodes. LORETA current density estimations were made 
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using the raw EEG data. This imaging technique divides the brain into three-dimensional units of 

measurement called voxels. LORETA calculates 2,394 brain voxels based on the scalp 

distribution of electrical potentials. The spatial resolution is 7 mm and the maximum error is 10 

mm (Pascual-Marqui, 1999). 

Test of Variables of Attention (TOVA) 

The Test of Variables of Attention (TOVA; Greenberg, 1987) was used to assess 

attention and response times with these clients prior to neurotherapy treatment. The TOVA is a 

computerized continuous performance test that presents two easily discriminated, non-language 

based visual stimuli for 100 milliseconds every 2 seconds for 22.5 minutes. The variables 

assessed by the TOVA are as follows: errors of omission, errors of commission, response time, 

and response time variability. The test is divided into four quarters with targets being presented 

for 22.5% of the trials during the first half of the test and presented for 77.5% of the time during 

the second half of the test. This variability in the target to non-target ratio allows testing of 

attention and impulsivity across varying response demands.  

The age and gender composition of the TOVA normative sample for children is as 

follows: 200 subjects age 6-7 years (99 males, 101 females), 189 subjects age 8-9 years (90 

males, 99 females), 172 subjects ages 10-11 (90 males, 82 females), 222 subjects ages 12-13 

(104 males, 118 females), 221 subjects ages 14-15 (115 males, 106 females), 87 subjects ages 

16-17 years (40 males, 47 females).  

Although the TOVA offers both auditory and visual testing modalities, only the Visual 

TOVA was used for the current study. The reliability of the Visual TOVA was computed using 

Pearson product correlations that were calculated for all of the variables (Omission, Commission, 

Response Time and Response Time Variability) across both high target and low target 
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conditions. Thus, the reliability estimates were based solely on measures of internal consistency. 

Based on prior research that found that subjects with mu and subjects without mu differed 

significantly only in commission errors, only commission scores were used for the current study. 

The commission Pearson product reliability coefficients for the infrequent condition (Quarters 1 

and 2) and the frequent condition (Quarters 3 and 4) were .7854 and .8200 respectively.   

According to the TOVA test manual, the validity of the measure was assessed using both 

sensitivity and specificity measures. Greenburg and Crosby conducted a study in which 73 

subjects (62 males, 11 females) were diagnosed by senior faculty level university psychiatrists 

and were determined meet criteria for a diagnosis of attention deficit hyperactivity disorder 

(ADHD) and to be free of other co-morbid conditions such as depression, conduct disorder or 

oppositional defiant disorder (as cited in Reynolds & Kamphaus, 2003). The subjects’ TOVA 

scores were then converted to z-scores based on normative age and gender data. A one-way 

multivariate analysis of variance (MANOVA) was then used to compare the ADHD sample z-

scores to the normative sample z-scores. The discriminant analysis of the randomly selected 

sample showed the four variables were able to predict group membership (canonical correlation 

= .562; Wilks’ lambda = .684; p < .001) and the Commission score was significantly correlated 

to the discriminant function with a value of .423. The .90 specificity cutoff point for the sample 

was .793 with a corresponding sensitivity of .667. However, the current study is not interested in 

assessing individuals for the presence of an ADHD diagnosis, rather only to show that 

individuals with abuse histories tend to have a higher prevalence of a mu pattern of alpha and 

that those with mu tend to have difficulties with attention due to impulsivity (measured by 

TOVA Commission errors). Because the TOVA test manual provides relatively little information 
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on the test’s reliability and validity, this should be considered one of the limitations of the 

current study.  

The Child Behavior Checklist (CBCL)  

The Child Behavior Checklist (CBCL/4-18) is a test that is designed to assess a wide 

variety of competencies, adaptive functioning and problems in children ages 4 to 18 years old 

(Achenbach, 1991).  The therapist used the CBCL to assess behavioral and emotional difficulties 

reported by adoptive or foster parents prior to neurotherapy treatment. The CBCL consists of 113 

fifth-grade reading level items. The CBCL includes competence scales (i.e., activities, social, and 

school), as well as eight syndrome scales. The syndrome scales include an internalizing 

composite (i.e., withdrawn, somatic complaints, and anxious/depressed), an externalizing 

composite (i.e., delinquent behavior and aggressive behavior), as well as scales for social 

problems, thought problems, and attention problems. In addition, there is a Total Problems score 

that is computed by adding the Internalizing, Externalizing, Social Problems, Thought Problems, 

Attention Problems and Other Problems scales. Thus, the Total Problems score provides a global 

indicator of the child’s emotional and behavioral functioning.    

The CBCL/4-18 normative sample included 2,368 children ranging in age from 4-18 

years. The participants consisted of 73% Caucasian, 16% African American, 7% Latino, and 3% 

other ethnicities individuals. In the overwhelming majority of the cases (82%), the primary 

informant was the child’s mother. According to the manual, the CBCL/4-18 has high reliability 

ratings with test-retest reliability above .80 and internal consistency averaging around .80. In 

terms of validity, the CBCL/4-18 has been shown to have high concurrent validity to similar 

instruments such as the Behavior Assessment System for Children (BASC) and the Conners’ 

Parent Rating Scale (CRS-P). For example, there are reported correlations (r) of between .50 and 
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.83 between the subscales and total scores on the BASC and correlations (r) between .80 and .83 

for the subscales and total scores on CRS-P (Rush, Rush, First & Blacker, 2008). 

Data Analysis 

  The z-scores obtained by comparing the abused group to the Neuroguide normal 

database controls were used to test Hypotheses 1, 2 and 3. The resulting z-scores were averaged 

at each of the 19 10-20 electrode placement sites across the four bandwidths (delta, theta, alpha 

and beta) in order to determine if the averaged z-score was significant at each site and at each 

bandwidth.  These z-score averages were computed in both eyes open and eyes closed conditions 

using a linked-ear reference montage. Hypothesis 4 was tested by calculating the percentage of 

abused children that demonstrated a mu pattern within the entire abuse group and comparing this 

percentage to mu prevalence rates reported in the literature for both normal and clinical samples 

and the prevalence rate of mu found by Lori Simms (2008) in her dissertation research using a 

clinical sample of children who came the UNT neurotherapy lab for treatment. A one-way, 

between groups analysis of variance (ANOVA) was planned to test Hypothesis 5 to determine if 

abused children with a mu pattern differed significantly from age and sex-matched children 

without a mu pattern on the CBCL measures of Social Problems, Thought Problems and 

Attention. However, the sample size was too small to allow an ANOVA analysis, therefore the 

averaged scores on the CBCL subscales will be provided for comparison. Similarly, an 

independent one tailed t-test was planned to test Hypothesis 6 to determine if the abused children 

with a mu pattern differed significantly from age and sex-matched children without a mu pattern 

on the TOVA measure of Commission. However, the sample size was too small to allow 

statistical comparison. The Commission scores for the individuals in both groups are provided 

for comparison.  
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RESULTS 

Hypothesis 1- The subjects’ relative and absolute power values will show significantly more 

frontal theta than normal database controls. 

 When the linked ears eyes closed and eyes open values were averaged within each 

condition, no z-score values reached significance, therefore this hypothesis is not supported. 

More specifically, the frontal theta relative power z-scores in the eyes closed condition ranged 

from .563 at F4 to .845 at Fp2 (see Table 4). The averaged frontal theta relative power z-scores 

in the eyes open condition ranged from .214 at F8 to .646 at Fp2 (see Table 5). For absolute 

power in the linked ears montage, the averaged frontal theta z-scores ranged from .263 at F4 to 

.795 at F7 (see Table 6). The frontal theta absolute power z-scores in the eyes open condition 

ranged from .307 at Fp2 to .692 at F7 (see Table 7).  

 

Hypothesis 2- Subjects will have significantly more right hemisphere hypocoherence than 

normal database controls.  

 There were no significant differences when the linked ears coherence z-score values were 

averaged across the 33 subjects in either the eyes open or eyes closed conditions (see Tables 8 

and 9). Although the averaged values were not significant, when a count is made of the number 

of sites that are hypocoherent and hypercoherent in both the right and left hemispheres, the 

largest number of significant coherence z-score differences occurred in the right hemisphere in 

the eyes closed condition with 239 significant hypocoherence differences, followed by 160 

significant left hemispheric hypercoherence differences. Additionally there were 123 significant 

left hemisphere hypocoherence differences and 121 significant right hemisphere hypercoherence 
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differences. With eyes open, the highest number of significant sites occurred in the right 

hemisphere with 215 hypocoherent sites, followed by left hemisphere hypercoherence with 177 

sites. Hypercoherence on the right has 99 significant sites and hypocoherence on the left has 97 

significant sites.  

 

Hypothesis 3- Subjects will exhibit significantly more hippocampus, prefrontal, and right 

temporal lobe LORETA differences than normal database controls.  

 When the LORETA z-score values are averaged, no brain areas in any frequency (1-

30Hz) meet z-score significance criteria of +/- 1.96. The largest z-score absolute value was found 

in the delta bandwidth (1-3 Hz) in the rectal gyrus (Brodmann area 11) in the prefrontal region 

with a z-score of -1.169. The highest positive z-score in the delta range occurred in the 

parahippocampus with a z-score of .350 (see Table 8 and Appendix C). The theta (4-7 Hz) 

bandwidth had both positive and negative z-score values, though none were significant. The 

largest negative theta z-score value occurred in the superior frontal gyrus (Brodmann area 11) in 

the prefrontal region with a z-score value of -.0684. The largest positive z-score value in the theta 

bandwidth occurred in the transverse temporal gyrus (Brodmann area 42) with a z-score value of 

0.505 (see Table 9 and Appendix D). There are both positive and negative z-score values in the 

alpha range (8-11 Hz) though the positive values occur only at 9 Hz. At 9 Hz, the highest 

positive z-score value occurred at the insula (Brodmann area 13) in the sublobar region with a z-

score of 0.482 (see Appendix E). The largest negative z-score value in the alpha range occurred 

in the paracentral lobule (Brodmann area 15) in the frontal region with a z-score of -0.694. In the 

27 to 30 Hz range, all z-scores are positive, with the largest z-score occurring in the postcentral 

gyrus of the parietal lobe with a z-score of 0.681 (see Appendix F). 
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In the beta 1 bandwidth (12 to 18 Hz) there is a noticeable difference between the activity 

in the left and right hemispheres with higher positive z-scores on the right in the following 

regions (Brodmann area): middle frontal gyrus (6), inferior frontal gyrus (9, 47), precentral gyrus 

(6), extra-nuclear (13), insula (13), superior temporal gyrus (22, 38), subgyral (21), 

parahippocampal gyrus (34, amygdala), subcallosal gyrus (34), middle temporal gyrus (21), 

inferior temporal gyrus (20), and uncus (20, 36).  The greatest asymmetry occurred at 15 Hz in 

the parahippocampal gyrus with z-score values of 0.514 on the right and 0.0 on the left (see 

Appendix G).   

 Hemispheric differences are also seen in the 19-21 Hz and 22 to 26 Hz ranges. 

Specifically, from 19 to 21 Hz there are negative z-scores on the left and positive z-scores on the 

right in the following areas (Brodmann area): Parietal- postcentral gyrus (2), inferior parietal 

lobule (40), superior parietal lobule (7), precuneus (7); and Frontal- middle frontal gyrus (6) (see 

Appendix H). In the 22 to 26 Hz range, there was noticeable asymmetry with z-scores being 

higher on the right in the following regions (Brodmann area): Limbic- uncus (28, 36), 

parahippocampal gyrus (34); temporal-inferior temporal gyrus (20), parahippocampal gyrus (36), 

superior temporal gyrus (38), middle temporal gyrus (21), fusiform gyrus (20), subgyral (21); 

Sublobar- insula (13); and Amygdala- parahippocampal gyrus (no Brodmann number), uncus (no 

Brodmann number) (see Appendix I).    

 

Hypothesis 4- There will be a higher prevalence of mu in this sample of subjects than would be 

present in the normal population.  

In the abused group, 20 of the subjects (60.6%) had a mu pattern as defined by having 

both wicket-shaped waveforms in the raw EEG at C3 and/or C4 in the 8-12 Hz range and having 
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increased power at C3 and C4 in the alpha range. There were 8 subjects (24.2%) who did not 

meet either of the aforementioned mu pattern criteria and 5 subjects (15.2%) who met only one 

of the two criteria and could therefore not be conclusively determined to have a mu pattern. 

Given that current normal population estimates for the presence of a mu pattern range from 0 to 

19% in the literature, the current abused group does have a higher prevalence rate of the mu 

pattern. 

 

Hypothesis 5- Subjects with a mu pattern will have significantly higher CBCL subscale scores in 

the areas of Social Problems, Thought Problems and Attention in comparison to subjects who do 

not evidence mu.  

 

Sample Size Determination 

 The sample size required for a one-way ANOVA in order to achieve a power level of 0.80, a 

significance level of 0.05 and a medium effect size is 126 (Lani, 2008). Because there are only 

13 subjects in each group, the most appropriate method is to visually compare the means 

between the two groups.  

The ratings made by parents of children without mu resulted in a CBCL Social Problems 

mean raw score of 5.154 (SD = 5.153) while ratings of children with mu had an average of 5.077 

(SD = 3.523). The total possible raw score for the Social Problems subscale is 16. Subjects 

without mu had a CBCL Thought Problems mean raw score of 2.692 (SD = 1.888) while 

subjects with mu had a mean raw score of 2.077 (SD = 2.060). The total possible raw score for 

the Thought Problems subscale is 14. On the parent ratings on the CBCL Attention subscale, 

individuals without mu had a mean raw score of 10.308 (SD = 5.138) while subjects with mu had 
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a lower mean raw score of 9.231 (SD = 3.244). The total possible raw score for the Social 

Problems subscale is 22. 

 

Testing of Assumptions 

The data was initially screened for missing data, outliers and accurate coding. Of the 20 

abused subjects who evidenced a clear mu pattern, seven of the subjects did not have completed 

CBCL protocols because they did not pursue neurotherapy treatment with Richard Davis, MS 

and only completed the qEEG portion of the initial assessment leaving 13 records available for 

analysis.  The assumptions for conducting an ANOVA are normal distribution of data and 

equality of variances (Tabachnick & Fidell, 2001). The Levene’s test for homogeneity of 

variances indicates that this assumption is met for all three of the dependent variables (CBCL 

scores for Social Problems, Thought Problems, and Attention subscales). The Kolmogorov-

Smirnov (K-S) test shows a departure from normality for the Thought Problems subscale scores 

(K-S(26) = .193, p = .014), but not for the Social Problems subscale scores, (K-S(26) = .142, p = 

.193), or the Attention subscale scores (K-S(26) = .120, p = .200). Similarly, the Shapiro-Wilk 

(S-W) test shows a departure from normality for the Thought Problems subscale scores (S-W(26) 

= .884,  p = .007), but not for the Social Problems subscale scores (S-W(26) = .969, p = .604) or 

for the Attention subscales scores (S-W(26) = .953, p = .277). Because these tests are sensitive to 

both skewness and kurtosis, a further exploration of the data would be warranted if an ANOVA 

test were to be performed.    

 

Hypothesis 6- Subjects with a mu pattern will have significantly higher TOVA Commission 

scores in comparison to individuals who do not evidence mu.  
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 Sample Size Determination 

 In order to detect significance at the .05 α level with an anticipated Cohen’s d effect size 

level of .80 and a power level of .70 for a one-tailed t-test, the mu and no mu groups would each 

have to contain 16 subjects (Soper, 2004). However, because some mu pattern subjects did not 

complete the testing and because some of the testing results were invalid, only 5 subjects with a 

mu pattern were available for analysis. Therefore, it is most appropriate to look solely at the 

difference between the means in each group.  

Mean Comparison 

The subjects with a mu pattern of alpha had a mean of 93.2 (SD = 12.81) on the Total 

TOVA Commission score while the individuals without a mu pattern of alpha scored a mean of 

104.6 (SD = 16.18). While both of these scores are in the average range, individuals without a 

mu pattern scored 11.4 points higher than individuals with mu. See Table 3 for a listing of 

individual TOVA Total Commission scores.   
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DISCUSSION 

 The purpose of the current study was to expand previous research through the inclusion 

of additional subjects and new measures of brain functioning by investigating low resolution 

electromagnetic (LORETA) findings and the presence of a mu pattern of alpha in children with 

histories of abuse and/or neglect. Furthermore, the functional implications of the presence of a 

mu pattern of alpha were investigated through comparison of individuals with and without a mu 

pattern on measures of behavior (Child Behavior Checklist (CBCL)) and attention (Tests of 

Variables of Attention (TOVA)).   

 

Summary and Explanation of Results 

Absolute and relative power values for children with histories of abuse and/or neglect 

were compared to Thatcher’s normative lifespan database. Although the results of this portion of 

the study were not statistically significant, the trend was in the expected direction with elevated 

levels of theta in the frontal region. The frontal lobes govern a wide variety of functions 

including problem solving, impulse control, concentration, and social and sexual behavior. 

Elevated levels of frontal theta have been associated with attention deficit hyperactivity disorder 

(ADHD). Specifically, an elevated theta to beta ratio has been shown to be about 90% accurate 

in identifying individuals with ADHD (Monastra, Lubar & Linden, 2001). Although the elevated 

levels of theta in the frontal region did not reach significance when averaged across individuals, 

it may be that measures of attention are still affected and have clinical significance. Future 

research could explore this possibility by correlating theta z-scores with TOVA Omission and 

Commission scores to determine if there is a relationship between the two variables, even when 

the z-scores do not reach significance.  
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Similarly, the coherence z-scores did not reach significance when averaged across all the 

individuals in the study, though the findings were in the expected direction, with the highest 

number of z-score differences occurring in the right hemisphere and showing hypocoherence.  

Hypocoherence is an indication that the right hemisphere in these individuals has not matured 

and indicates that these brain areas are not intercommunicating well (Thatcher, North & Biver, 

2008).  

The LORETA database comparisons, much like the absolute power and relative power 

comparisons, did not reveal significant differences in the current population. However, the 

LORETA results did show differences between the activity in the left and right hemispheres in 

the beta bandwidth, which could suggest over-activation of the right hemisphere in individuals 

who have been abused and/or neglected. This warrants further investigation to determine if these 

differences are statistically or clinically significant.   

In particular, the LORETA findings indicate that children who have experienced abuse 

and/or neglect may have a tendency to have over-activation in the right hemisphere, while the 

findings of hypocoherence in the right hemisphere suggest that this area shows matuarational lag. 

The lateralization of brain functioning is thought to be the result of some combination of 

evolutionary, developmental, hereditary, experiential and, at times, pathological factors (Toga & 

Thompson, 2003). The hormone testosterone has long been thought to play a role in differential 

lateralization between males and females, which points to the role that Nature plays in brain 

lateralization (Toga & Thompson, 2003). Nurture also appears to play a role as shown through 

studies such as those conducted by Kalin and colleagues in 2000, which suggest that high 

cerebrospinal concentrations of corticotropin releasing hormone (CRH) are associated with 

greater activation of the right frontal region in rhesus monkeys. The results of the current study 
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suggest that abusive and unpredictable environments may disrupt the typical lateralization 

process, as seen through higher activation in the right hemisphere in the LORETA comparisons 

and more hypocoherence on the right, even though the z-scores were not significant after they 

were averaged together. Further study is warranted to investigate this potential difference in the 

lateralization process.  

Anatomical, neurochemical and electrical asymmetries are associated with behavioral 

asymmetries in auditory perception, handedness, motor preferences, sensory acuity, and social 

and emotional functioning (Toga & Thompson, 2003; Davidson, 1993) Research conducted by 

Fox et al. (2006) found that children with greater right frontal activation scored lower on 

measures of sociability while children with greater left-sided activation scored higher on 

measures of social competence. Additionally, children with ADHD have been shown to have 

impaired right hemisphere visuospatial functioning as assessed through neuropsychological 

testing (Garcia-Sanchez, Estevez-Gonzalez, Suarez-Romero & Junque, 1997). It may be that the 

social and attention difficulties that the subjects in the current sample exhibited and that led their 

caregivers to seek treatment may be attributed to the greater activation seen in the right 

hemisphere of the LORETA maps as indicated by higher levels of beta on the right when 

compared to the left hemisphere and/or a higher number of hypocoherence z-scores in the right 

hemisphere of the brain.  

According to research conducted by the Thatcher group (2008), coherence increases in 

the frontal region and between the frontal and occipital regions from about 4 to 6 years of age. A 

growth spurt from the ages of 8 to 10 years results in increased coherence between frontal and 

temporal sites in the right hemisphere.  An investigation by Barry et al. (2004) largely replicated 

these findings at large electrode distances, but did not see the decreased coherence that 
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Thatcher’s group saw in short to medium electrode differences. Furthermore, Barry et al. (2004) 

found that there was a significant lateralization effect with higher levels of coherence found in 

the left hemisphere across all frequency bands, though this is contrary to findings suggested by 

Thatcher el al. (1987), which found no lateralization effect with maturation. Barry’s group 

hypothesized that the difference may have resulted from differences in the way the electrodes 

were grouped, but noted that this hypothesis requires further investigation. In a follow-up study, 

Barry et al. (2005) found that boys with ADHD showed significantly less increase in coherence 

in the left hemisphere which is consistent with a developmental lag theory of ADHD. Marosi et 

al. (1995) found that reading impairment in children was associated with higher coherences in 

delta, theta and beta bandwidths, but reduced coherence in the alpha bandwidth and that these 

differences persisted at the two to three year follow-up (Marosi et al, 1997). In short, it appears 

that both increases and decreases in coherence occur as the brain develops; however, studies to 

date have shown contradictory findings with regard to a specific pattern of increases and 

decreases in coherence that mark normal development. More research needs to be conducted to 

determine how brain connectivity (coherence) changes across the lifespan. 

A final area of investigation in the current study evaluated the relationship between the 

presence of a mu pattern of alpha and a measure of impulsivity. The results suggest that 

individuals with mu may have more impulsivity as measured by the TOVA Commission scores. 

However, the sample size was very small, thus not allowing statistical comparisons or 

generalization to an abused population as a whole. One reason that the sample size for the TOVA 

was so small is that the subjects performed so poorly on the test that the results could not be 

interpreted, resulting in an invalid score. However, the very fact that the results were invalid 

indicates very poor performance on the TOVA Commission portion, suggesting that the 
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differences in performance between individuals with mu and without mu are even larger than the 

results show. A mu pattern of alpha did not seem to differentiate subjects on subjective parent 

reports of thought problems, social problems or attention, though the sample was too small for 

statistical analysis.   

 

Comparison of Findings to Earlier Research 

 As with previous research conducted by this investigator, no significant differences were 

seen in absolute power, relative power, or coherence when the z-scores based on the Neuroguide 

lifespan normative database were averaged across the subjects who had experienced childhood 

abuse and/or neglect. Although there were no significant findings, the theta z-score differences in 

the frontal region were in the expected direction, with more theta in both the eyes open and eyes 

closed conditions and when using both relative and absolute power measures.  

Similarly, when looking at the coherence data, there were no significant averaged z-score 

differences, but the differences were in the expected direction with the largest number of z-score 

differences occurring in the right hemisphere with hypocoherence in both the eyes closed and 

eyes open conditions. Coherence is a measurement of the similarity in frequency and waveform 

between two sites on the head and does not take into consideration the amplitude of the waves 

(Demos, 2005).  

The decision to look only at the Commission score on the TOVA and the Attention, 

Thought Problems and Social Problems subscales on the CBCL when comparing individuals 

with and without a mu pattern was based on dissertation research conducted by Lori Simms 

(2008). As in her study, it appears the individuals with a mu pattern do have lower TOVA 

Commission scores indicating more difficulty with impulsivity, though the scores of both groups 
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were in the average range and the sample size of the current study was too small to be able to run 

a statistical analysis. In contrast to Simms’ results, individuals with a mu pattern did not appear 

to differ on the CBCL subscales. The population used in Simms’ study was derived from a 

clinical population that presented for treatment at the University of North Texas neurotherapy 

lab. It is difficult to reconcile this difference in findings, but perhaps if the current study had 

investigated other subscales on the CBCL, the differences would have been seen on these 

measures.  

 

Limitations 

Archival Data 

The biggest problem resulting from the use of archival data in the current study is that it 

resulted in very small sample sizes which did not allow analysis of variance (ANOVA) or t-test 

analysis. Some of the subjects were given only the electroencephalogram (EEG) portion of the 

assessment because they did not pursue neurotherapy treatment. Consequently, some of the data 

was missing and could not be obtained because it had been collected well before the beginning of 

the present study. Although the current sample was too small for statistical analysis, it should be 

noted that the vast majority of studies in the literature that investigate the impact that abuse 

and/or neglect has on children have similar sample sizes.  

 

Database Comparison  

One of the most serious limitations of the current study is the use of a normative database 

for comparison of quantitative electroencephalogram (qEEG) data rather than a matched sample. 

There are a number of factors that may have differed between the normative database sample and 
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the abused sample. As with any database, there are several weaknesses inherent to the 

Neuroguide database that must be considered. For the development of qEEG databases, one of 

the primary issues is how the database developers define normal and how they screen individuals 

to ensure that they meet these criteria (Johnstone & Gunkelman, 2003). With the Neuroguide 

database, screening was conducted through either a parent or self-report of neurological 

problems, intelligence and/or academic achievement testing, school grades, teacher reports, and 

laboratory testing to determine the presence of environmental toxins such as lead. One weakness 

is that a parent or self-report of neurological problems may not be accurate for a variety of 

reasons, including deliberate deception in order to receive an evaluation or being unaware of the 

information that is being requested. Furthermore, no general medical screening was provided to 

obtain objective data about the health of the individual. Similarly, other measures of brain 

function or physiology such as magnetic resonance imaging (MRI) or single photon emission 

computed tomography (SPECT) scans were not performed because the expense and time 

requirements would be prohibitive for any large-scale database. Thatcher also notes that 

socioeconomic status (SES) was assessed using the Hollingshead four factor scale; however, it is 

not known whether individuals were selected or de-selected on this basis. This has particular 

relevance for this study, in that previous research summarized in the previous literature review in 

this paper found that low SES was associated with EEG differences.  

 

Sample Characteristics  

Physical abuse, sexual abuse and neglect may all affect the brain in different ways. 

Ideally, comparisons would be made between groups of individuals who have experienced only 

one type of abuse to determine if various types of trauma have differing effects on the brain. 
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Unfortunately, the sample size for the current study was too small for this comparison to be 

feasible. In addition, it is likely that many of the individuals in the current sample experienced 

more than one type of abuse; and it is often difficult to determine what types of abuse have 

occurred, especially when the abuse/neglect occurred when children were too young to 

accurately report their experiences. 

 One final consideration is the age of the subject and the timing of the abuse. There is 

abundant evidence that gross anatomical differences in abuse victims are not seen until well into 

adulthood, though functional differences in the EEG have been seen in very young children. 

Because the ages of the participants in this study varied greatly, it is possible that older children 

and adults may show more EEG differences because there has been more time for the effects of 

abuse to take hold. Future brain imaging studies that take age, age at time of abuse, type of 

abuse, handedness, and gender into account are warranted. 

 

Measurement Characteristics  

After a comprehensive review of the literature, it appears that in the research to date, 

measures of coherence are calculated by correlating the phase difference between two sites 

(Chorlian et al., 2007), which results in values that range from 0 to 1. A coherence value of 1 

indicates perfect agreement in the phase difference while a value of zero indicates random phase 

differences (Chorlian et al., 2007). The results in the literature are therefore described in terms of 

increased coherence or decreased coherence. This fact presents a difficulty since it is unclear if 

“decreased coherence” is perfectly analogous to “hypocoherence” that is defined for this study as 

z-scores that are statistically significant and are in the negative direction. The same concern is 

present in determining if “increased coherence” is analogous to “hypercoherence”.  
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 Additionally, coherence was investigated only in terms of left versus right hemisphere 

coherence and did not differentiate between bandwidths or between short and long inter-

electrode distances. Thatcher’s two compartmental model of coherence posits that as individuals 

develop from infancy to adulthood, coherence increases in short inter-electrode differences and 

in decreases in long inter-electrode distances (Thatcher, North, & Biver, 2008). This suggests 

that merely dividing coherence findings into left and right hemispheres may be too gross a 

measurement and that investigation of coherence in terms of inter-electrode differences may 

reveal more information regarding how abuse and neglect affects development.  

 The current study sought to determine the percentage of subjects that have a mu pattern 

of alpha. Many recent studies investigating the role of mirror neurons in social cognitive skills 

use mu suppression as an indicator of mirror neuron function rather than investigating only the 

presence or absence of mu (Pineda & Hecht, 2009; Oberman, Ramachandran, & Pineda; 2008; 

Pineda, 2005).  Because the subjects’ data records were collected several years prior to the 

completion of the current study, the presence or absence of mu suppression could not be 

determined, making it difficult to hypothesize about the functional implications of the presence 

of mu for the social functioning in the current sample. However, the parent raw score means for 

the Social Problems subscale for children with mu and without mu were essentially equal which 

suggests that the presence or absence of mu does not affect subjective reports of social 

functioning for the current sample.  It may be more useful to use more objective measures of 

social functioning such as facial recognition or facial emotion identification rather than relying 

solely on subjective parent report.   
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Medication Effects  

Some of the medications taken by participants are known to affect EEG results in the 

following ways: amphetamines and methylphenidate decrease levels of delta and theta and 

increase beta, methylphenidate increases posterior alpha, and selective serotonin reuptake 

inhibitors (SSRIs) cause slight increases in slow wave activity, increase fronto-central beta and 

decrease alpha posteriorly (Gunkelman, n.d.). It is clear that these medications have opposing 

effects on an EEG record. The effects of Atomoxetine, Ziprasidone, and Risperidone could not 

be ascertained. However, given what is known about the effects of amphetamines and 

methylphenidate, the elevations seen in theta may be an underestimation of the amounts that 

would have been seen had the children not been on medication. A further complication is that 

several of the abused subjects were taking more than one prescription medication and the 

synergistic effects of these medications on the qEEG are unknown. 

  

Clinical Implications 

The clinical applications of this research fall mainly in the realm of neurotherapy 

treatment for children who have been abused and neglected and are showing emotional and 

behavioral difficulties. Previous research conducted by Huang-Storms et al. (2007) showed that 

qEEG guided neurotherapy had a significant beneficial effect on both objective measures of 

attention and subjective parental reports of emotional and behavioral functioning in a subset of 

the current sample. The current research sheds light on parameters other than relative or absolute 

power measures that clinicians may want to consider in developing neurotherapy protocols. 

Specifically, neurotherapy clinicians would be wise to not only look for significant relative and 
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absolute power z-scores in determining neurotherapy protocols, but also look for coherence 

differences as well as power and LORETA asymmetries in the maps.  

 

Recommendations for Future Research 

Future research will need to take a number of additional factors into account. For 

instance, Teicher et al. (2004) reported that abuse has different effects on each sex. For instance, 

sexual abuse is associated with diminished corpus collosum size in females, but in boys, corpus 

collosum size is reduced in those who have been neglected rather than sexually abused. Teicher 

further notes that handedness must be considered because right-handed males tend to show 

stronger left hemisphere lateralization while right-handed females show bilateral functioning. 

The age at which the abuse occurred and the time since the abuse occurred is likely to affect the 

amount of change that is seen in physiological measures. Because these factors have been shown 

to have an effect on the findings, they should be considered and controlled for in future 

investigations.  

 There were individuals in the current study that did not evidence significant differences 

on some qEEG parameters. It will be important to investigate the differences between abused 

individuals with significant qEEG differences and those without in order to shed light on factors 

that could have contributed to resiliency in these individuals and to determine if the more normal 

qEEG patterns correlated with better functioning in these individuals. It may be that functioning 

is impaired in individuals even though the comparisons to a normal database do not reach 

statistical significance.  

 Now that some pilot research has been conducted using an archival sample, it would be 

beneficial to design a study that contains an age, gender, and handedness matched control group. 
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If the study were to investigate the functional implications of a mu pattern, it should be 

determined whether or not the mu activity is suppressed when watching others perform 

movement, as this is considered a more accurate measure of mu activity.  Inclusion of an 

objective measure of social skills functioning would also be more reliable than only using parent 

report.   

 The amount of research that is being conducted regarding the effects of abuse on 

neurological development has increased exponentially in recent years. It is hoped that this line 

research continues and leads to intervention and remediation techniques and strategies to prevent 

and mitigate the damaging effects that abuse and neglect has on the most vulnerable individuals 

in society, our children.  
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Table 1 

Abused Group Demographics for Quantitative Electroencephalogram (QEEG) and Low 

Resolution Electromagnetic (LORETA) Analysis 

Code Age Gender Handedness Ethnicity Medications 

001 6.61 Male Ambidextrous Caucasian Adderall, Trileptal, Remeron, 
Clonidine 

002 5.19 Female Right African American None 
003 12.45 Male Right Caucasian Adderall, Depakote, Zyprexa, 

Zoloft  
004 9.3 Female Left Caucasian Ritalin, Perioctin 
005 8.84 Male Right Caucasian Strattera, Concerta  
006 16.11 Male Right Caucasian Nutropin, Medidate, 

Seroquel, Strattera 
007 7.33 Female Left Hispanic None 
008 7.87 Male Right Caucasian Strattera, Risperdal  
009 15.29 Male Right Caucasian Adderall, Zoloft 
010 11.65 Female Right Caucasian Adderall, Paxil, Geodon  
011 11.33 Male Right Caucasian Adderall, Risperdal  
012 6.75 Female Right Caucasian Singular, Flonase, Pulmicort  
013 13.94 Female Left Caucasian Adderall 
014 6.36 Male Right Caucasian None 
015 11.35 Male Right African American Concerta 
016 9.02 Female Right African American Abilify, Lithium 
017 11.68 Male Right Caucasian Ritalin, Risperdal 
018 9.38 Female Right Caucasian Adderall, Clonidine 
019 17.68 Female Left Caucasian None 
020 5.78 Male Right Hispanic None 
021 7.65 Female Right African American Concerta 
022 8.76 Male Right Caucasian Concerta 
023 13.33 Female Right Caucasian Abilify, Tenex, Focalin, 

Trileptal 
024 10.87 Female Right Hispanic Adderall, Depakote, Geodon, 

Lexapro, Clonidine,  
025 12.51 Male Right Caucasian None 
026 15.57 Female Right Hispanic Concerta 
027 13.64 Female Left Caucasian Concerta, Abilify 
028 9.84 Male Right Caucasian Trileptal, Zyprexa, Ritalin 
029 13.08 Male Right Caucasian Ritalin, Paxil 
030 9.57 Male Right Caucasian Lithium, Trileptal, Epogen 
031 9.95 Male Right Caucasian Risperdal 
032 13.71 Female Right Caucasian Zoloft 
033 14.25 Male Right Caucasian None 
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Table 2 
 
Demographic Data for the Child Behavior Checklist (CBCL) Comparison 
 
Group With Mu Group Without Mu 
Age in 
Years 

Ethnicity Medications Age in 
Years 

Ethnicity Medications 

Males   Males   
8.84 Caucasian Strattera, Concerta 9.17 Caucasian Geodon, Effexor, 

Buspar 
15.29 Caucasian Adderall, Zoloft 15.31 Caucasian None 
11.35 African 

American 
Concerta 10.90 Caucasian None 

11.68 Caucasian Ritalin, Risperdal 11.58 Caucasian None 
5.78 Hispanic None 5.83 Hispanic/ 

Native Pacific 
Islander 

None 

8.76 Caucasian Concerta 9.02 Caucasian Abilify, Lithium 
9.94 Caucasian Trileptal, Zyprexa, 

Ritalin 
9.72 Caucasian None 

13.08 Caucasian Ritalin, Paxil 14.08 Caucasian None 
      
Females   Females   
5.19 African 

American 
None 6.05 Caucasian Concerta 

7.33 Hispanic None 7.50 Caucasian Adderall, 
Nasonex, Zyrtec 

6.75 Caucasian Singular, Flonase, 
Pulmicort 

6.20 Caucasian None 

9.38 Caucasian Adderall, 
Clonidine 

9.23 Caucasian Clarinex, 
Rhinocort 

13.71 Caucasian Zoloft 12.99 Caucasian None 
 
 
 
 
 
 
 
 
 
 



 

43 

Table 3 
 
Demographic Data for the TOVA Comparison 
 
Group With Mu Group Without Mu 
Age in 
Years 

Ethnicity Medications TOVA Total 
Commission Score 

Age in 
Years 

Ethnicity Medications TOVA Total 
Commission Score 

Males   Males   
8.76 Caucasian Concerta 85 9.17 Caucasian Geodon, 

Effexor, 
Buspar 

106 

11.68 Caucasian Ritalin, 
Risperdal 

87 10.90 Caucasian None 124 

15.29 Caucasian Adderall, 
Zoloft 

82 15.31 Caucasian None 106 

      
Females   Females   
7.33 Hispanic None 99 7.50 Caucasian Adderall, 

Nasonex, 
Zyrtec 

108 

13.71 Caucasian Zoloft 113 12.99 Caucasian None 79 
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Table 4 
 
Averaged Relative Power Z-scores in the Eyes Closed Condition 
 
Z-scored FFT Relative Power Average            

 Delta Theta Alpha Beta High Beta Alpha 1 Alpha 2 Beta 1 Beta 2 Beta 3 

 1 – 4 Hz 4 – 8 Hz 
8 – 12 

Hz 
12 – 25 

Hz 
25 – 30 

Hz 8 – 10 Hz 
10 – 12 

Hz 
12 – 15 

Hz 
15 – 18 

Hz 
18 – 25 

Hz 
FP1 -1.313 0.790 0.403 0.121 0.228 0.613 -0.122 0.357 0.194 -0.059 
FP2 -1.331 0.845 0.496 0.111 0.060 0.689 0.002 0.435 0.188 -0.119 
F7 -1.353 0.770 0.373 0.032 0.017 0.593 -0.143 0.234 0.106 -0.152 
F8 -1.148 0.769 0.324 0.034 0.043 0.539 -0.140 0.282 0.139 -0.144 
F3 -1.041 0.569 0.228 0.154 0.257 0.483 -0.278 0.404 0.148 -0.090 
Fz -0.897 0.578 0.180 0.119 0.193 0.415 -0.266 0.381 0.070 -0.159 
F4 -1.064 0.563 0.172 0.261 0.227 0.414 -0.253 0.462 0.275 0.015 
T3 -0.680 0.464 0.294 -0.306 -0.032 0.474 -0.098 -0.106 -0.286 -0.320 
T4 -0.624 0.407 0.086 -0.257 0.239 0.273 -0.239 -0.090 -0.342 -0.225 
C3 -0.601 0.409 0.100 -0.160 0.109 0.451 -0.374 0.058 -0.181 -0.317 
Cz -0.503 0.315 0.132 0.029 0.179 0.388 -0.329 0.184 0.025 -0.137 
C4 -0.566 0.372 0.106 0.001 0.315 0.419 -0.326 0.139 0.014 -0.167 
T5 -0.328 0.500 0.000 -0.270 0.169 0.260 -0.333 -0.128 -0.254 -0.372 
T6 -0.359 0.542 -0.107 -0.254 0.187 0.211 -0.431 -0.249 -0.136 -0.248 
P3 -0.363 0.403 -0.024 0.036 0.402 0.258 -0.334 0.156 -0.035 -0.140 
Pz -0.352 0.356 -0.006 0.063 0.248 0.305 -0.352 0.176 -0.015 -0.097 
P4 -0.369 0.331 0.000 0.011 0.289 0.274 -0.314 0.093 0.037 -0.138 
O1 0.087 0.571 -0.163 -0.289 -0.093 0.185 -0.433 -0.143 -0.246 -0.403 
O2 -0.019 0.455 0.007 -0.426 -0.294 0.325 -0.371 -0.270 -0.326 -0.532 
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Table 5 
 
Averaged Relative Power Z-Scores in the Eyes Open Condition 
 
Z-scored FFT Relative Power Average            

 Delta Theta Alpha Beta High Beta Alpha 1 Alpha 2 Beta 1 Beta 2 Beta 3 

 1 – 4 Hz 4 – 8 Hz 
8 – 12 

Hz 
12 – 25 

Hz 
25 – 30 

Hz 8 – 10 Hz 
10 – 12 

Hz 
12 – 15 

Hz 
15 – 18 

Hz 
18 – 25 

Hz 
FP1 -0.617 0.627 0.307 0.174 0.047 0.462 -0.028 0.719 0.288 -0.059 
FP2 -0.664 0.646 0.345 0.155 -0.049 0.481 -0.006 0.731 0.331 -0.067 
F7 -1.080 0.413 0.160 0.447 0.569 0.313 -0.108 0.508 0.386 0.303 
F8 -1.092 0.214 0.059 0.472 0.579 0.203 -0.229 0.487 0.439 0.313 
F3 -0.849 0.408 0.105 0.477 0.563 0.299 -0.174 0.736 0.481 0.180 
Fz -0.681 0.491 0.076 0.347 0.310 0.282 -0.237 0.693 0.353 -0.091 
F4 -0.850 0.421 0.060 0.484 0.410 0.282 -0.280 0.783 0.484 0.206 
T3 -0.503 0.277 0.317 -0.100 0.323 0.412 0.019 0.227 0.027 -0.209 
T4 -0.722 0.110 0.028 0.047 0.492 0.131 -0.238 -0.008 0.057 0.034 
C3 -0.528 0.426 0.053 0.077 0.227 0.428 -0.323 0.315 0.146 -0.291 
Cz -0.468 0.379 0.049 0.302 0.414 0.330 -0.354 0.513 0.279 -0.047 
C4 -0.539 0.396 0.040 0.196 0.423 0.404 -0.399 0.326 0.255 -0.127 
T5 -0.156 0.419 -0.136 -0.205 0.280 0.127 -0.449 0.044 -0.198 -0.335 
T6 -0.125 0.568 -0.310 -0.059 0.305 -0.022 -0.568 0.040 -0.062 -0.145 
P3 -0.358 0.351 -0.136 0.159 0.394 0.181 -0.489 0.353 0.137 -0.230 
Pz -0.269 0.412 -0.217 0.314 0.398 0.165 -0.554 0.520 0.188 -0.074 
P4 -0.342 0.409 -0.166 0.255 0.405 0.173 -0.505 0.452 0.204 -0.073 
O1 0.357 0.694 -0.463 -0.153 -0.084 -0.074 -0.699 0.213 -0.114 -0.477 
O2 0.308 0.661 -0.395 -0.192 -0.249 0.000 -0.701 0.183 -0.142 -0.517 
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Table 6 
 
Averaged Absolute Power Z-Scores in the Eyes Closed Condition 
 
Z-scored FFT Absolute Power Average           

 Delta Theta Alpha Beta High Beta Alpha 1 Alpha 2 Beta 1 Beta 2 Beta 3 

 1 – 4 Hz 4 – 8 Hz 
8 – 12 

Hz 
12 – 25 

Hz 
25 – 30 

Hz 8 – 10 Hz 
10 – 12 

Hz 
12 – 15 

Hz 
15 – 18 

Hz 
18 – 25 

Hz 
FP1 -0.405 0.443 0.348 0.247 0.301 0.468 -0.004 0.388 0.290 0.068 
FP2 -0.629 0.333 0.260 0.061 0.018 0.383 -0.077 0.248 0.100 -0.134 
F7 0.025 0.795 0.644 0.587 0.473 0.740 0.324 0.702 0.642 0.381 
F8 -0.229 0.504 0.362 0.233 0.186 0.477 0.063 0.368 0.301 0.071 
F3 -0.331 0.447 0.265 0.395 0.476 0.406 -0.101 0.522 0.346 0.137 
Fz -0.243 0.464 0.270 0.390 0.464 0.394 -0.060 0.552 0.322 0.101 
F4 -0.338 0.440 0.262 0.470 0.418 0.393 -0.042 0.554 0.419 0.232 
T3 -0.021 0.552 0.413 0.073 0.187 0.511 0.149 0.227 0.061 -0.034 
T4 -0.184 0.276 0.141 -0.085 0.244 0.253 -0.089 0.045 -0.163 -0.143 
C3 0.125 0.555 0.331 0.345 0.481 0.521 -0.031 0.442 0.278 0.122 
Cz -0.086 0.353 0.260 0.289 0.391 0.398 -0.094 0.375 0.283 0.090 
C4 -0.106 0.402 0.248 0.251 0.515 0.415 -0.080 0.311 0.240 0.102 
T5 0.215 0.569 0.235 0.171 0.608 0.345 0.007 0.245 0.218 0.069 
T6 0.090 0.466 0.139 0.076 0.486 0.264 -0.108 0.067 0.184 0.050 
P3 0.092 0.461 0.168 0.316 0.703 0.295 -0.049 0.362 0.240 0.157 
Pz -0.080 0.324 0.094 0.217 0.439 0.254 -0.179 0.271 0.150 0.076 
P4 0.140 0.467 0.228 0.387 0.764 0.343 -0.002 0.415 0.360 0.250 
O1 0.423 0.624 0.167 0.167 0.314 0.305 -0.048 0.266 0.221 0.015 
O2 0.518 0.677 0.330 0.243 0.194 0.456 0.087 0.346 0.317 0.041 
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Table 7 
 
Averaged Absolute Power Z-Scores in the Eyes Open Condition 
 
Z-scored FFT Absolute Power Average            

 Delta Theta Alpha Beta High Beta Alpha 1 Alpha 2 Beta 1 Beta 2 Beta 3 

 1 – 4 Hz 4 – 8 Hz 
8 – 12 

Hz 
12 – 25 

Hz 
25 – 30 

Hz 8 – 10 Hz 
10 – 12 

Hz 
12 – 15 

Hz 
15 – 18 

Hz 
18 – 25 

Hz 
FP1 -0.422 0.364 0.157 0.106 0.026 0.267 -0.105 0.400 0.173 -0.059 
FP2 -0.578 0.306 0.094 0.047 -0.064 0.212 -0.178 0.326 0.139 -0.109 
F7 0.059 0.691 0.510 0.819 0.914 0.573 0.339 0.844 0.804 0.675 
F8 -0.178 0.444 0.291 0.567 0.709 0.362 0.102 0.603 0.544 0.473 
F3 -0.338 0.330 0.134 0.558 0.725 0.233 -0.065 0.687 0.515 0.308 
Fz -0.302 0.356 0.110 0.421 0.482 0.221 -0.125 0.636 0.392 0.053 
F4 -0.348 0.365 0.135 0.545 0.572 0.253 -0.099 0.723 0.490 0.326 
T3 -0.055 0.382 0.369 0.099 0.375 0.439 0.147 0.274 0.140 -0.032 
T4 -0.172 0.220 0.152 0.199 0.507 0.213 -0.030 0.188 0.189 0.139 
C3 0.124 0.526 0.251 0.437 0.605 0.461 -0.075 0.543 0.445 0.135 
Cz -0.160 0.327 0.158 0.389 0.585 0.313 -0.178 0.505 0.362 0.122 
C4 -0.141 0.377 0.174 0.300 0.607 0.373 -0.197 0.358 0.341 0.099 
T5 0.259 0.463 0.137 0.159 0.627 0.257 -0.128 0.288 0.186 0.005 
T6 0.054 0.345 -0.047 0.081 0.487 0.072 -0.282 0.142 0.079 0.021 
P3 0.087 0.394 0.099 0.368 0.794 0.244 -0.203 0.474 0.310 0.083 
Pz -0.169 0.213 -0.102 0.245 0.513 0.098 -0.436 0.350 0.154 -0.045 
P4 -0.021 0.376 0.051 0.368 0.745 0.223 -0.287 0.461 0.310 0.139 
O1 0.364 0.498 -0.118 0.0317 0.109 0.056 -0.373 0.292 0.072 -0.335 
O2 0.398 0.508 -0.072 0.0471 -0.111 0.107 -0.360 0.310 0.078 -0.311 
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Table 8 
 
Averaged LORETA Z-Scores for the Abused Group in the Delta Frequency 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Frequency Band Activity Brain Region (Brodmann Area)  Local Maximum 

Name Range  Left Bilateral Right  Brain Area z-score 
Delta 1 - 3 Hz ↓ Frontal 

Superior Frontal (11) 
Middle Frontal (11) 
Inferior Frontal (47)  
      

Medial Frontal  
    (10, 11) 
Subcallosal (25, 34) 
Orbital Frontal (11) 
Rectal (11) 

Frontal 
Superior Frontal (11) 
Middle Frontal (11) 
Inferior Frontal (47)  
 

  
Rectal Gyrus (11)       
     

 
-1.169 

   
↓ 

 
Temporal 
Superior Temporal   
    (22, 38)    
Subgyral (21)   
Middle Temporal (21) 
Inferior Temporal (37) 
Fusiform (20) 

  
Temporal 
Superior Temporal   
    (22, 38)    
Subgyral (21)   
Middle Temporal (21) 
Inferior Temporal (37) 
Fusiform (20) 

  
Superior Temporal    
   (38) 

 
-0.930 

   
↓ 

 
Limbic 
Uncus (28) 
Parahippocampal (35) 
Cingulate (24) 

 
Limbic 
Anterior Cingulate      
     (42) 
 

 
Limbic 
Uncus (28) 
Parahippocampal (35) 
Cingulate (24) 

  
 
Anterior Cingulate    
   (42) 
      

 
 
-1.078 

   
↑ 

 
 

 
 

 
Limbic 
Parahippocampal               
    (30, 35) 

  
 
Lingual (18) 
      

 
 
0.264 

   
↑ 

 
Occipital 
Inferior Occipital (17) 
Middle Occipital (18) 

 
 

 
Occipital 
Inferior Occipital (17) 
Middle Occipital (18) 

  
 
Parahippocampal 
   (30) 

 
 
.350 
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Table 9 
 
Averaged LORETA Z-Scores for the Abused Group in the Theta Frequency 
 
Frequency Band Activity Brain Region (Brodmann Area)  Local Maximum 

Name Range  Left Bilateral Right  Brain Area z-score 
Theta 4–7 Hz ↓ Frontal 

Superior Frontal (11) 
Middle Frontal (11, 6) 
Inferior Frontal (47) 
Subcallosal (34) 

Frontal 
Medial Frontal (10,11) 
Subcallosal (25) 
 

Frontal 
Superior Frontal (11) 
Middle Frontal (11) 
Inferior Frontal (47) 
Subcallosal (34) 

  
Superior Frontal        
    (11) 

 
-0.684 

   
↓ 

 
Temporal 
Superior Temporal   
    (38, 22)    
Subgyral (21)   
Middle Temporal (21) 

  
Temporal 
Superior Temporal   
    (38, 22) 
Subgyral (21) 
Middle Temporal (21) 

  
Superior Temporal 
     (38) 

 
-0.479 

   
↓ 

 
Parietal 
Superior Parietal (7) 
Postcentral (2) 
Precuneus (7) 

  
Parietal 
Superior Parietal (7) 
Postcentral (2) 
Precuneus (7) 

  
 
Superior Parietal  
     (7) 

 
 
-0.393 

   
↓ 

 
Limbic 
Uncus (28) 
Parahippocampal (37) 
Subcallosal (34) 

 
 

 
Limbic 
Uncus (28) 
Parahippocampal (37) 
Subcallosal (34) 

  
 
Parahippocampal 
     (37) 

 
 
-0.361 

   
↑ 

 
Temporal 
Transverse Temporal        
     Gyrus (42) 

  
Temporal 
Transverse Temporal        
     Gyrus (42) 

  
 
Transverse 
     Temporal Gyrus  
      (42) 

 
 
0.505 
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Table 10 
 
Averaged LORETA Z-Scores for the Abused Group in the Alpha Frequency 
 
Frequency Band Activity Brain Region (Brodmann Area)  Local Maximum 

Name Range  Left Bilateral Right  Brain Area z-score 
Alpha 8–12 Hz ↓ Frontal 

Superior Frontal (6) 
Middle Frontal (6) 
Precentral (6) 
Paracentral Lobule  
     (5) 

 Frontal 
Superior Frontal (6) 
Middle Frontal (6) 
Precentral (6) 
Pararcentral Lobule (5) 

  
Parietal Lobule       
    (5) 

 
-0.694 

   
↓ 

 
Temporal 
Superior Temporal   
    (22)    
Supramarginal (40)   
Middle Temporal (37) 
Inferior Temporal (20) 
Fusiform (37) 

  
Temporal 
Superior Temporal   
    (22) 
Supramarginal (40) 
Middle Temporal (37) 
Inferior Temporal  (20) 
Fusiform (37) 

  
Fusiform (37) 

 
-0.475 

   
↓ 

 
Parietal 
Superior Parietal (7) 
Postcentral (5) 
Precuneus (7) 

  
Parietal 
Superior Parietal (7) 
Postcentral (5) 
Precuneus (7) 

  
 
Precuneus  
     (7) 

 
 
-0.683 

   
↓ 

 
Limbic 
Posterior Cingulate  
      (28) 
Parahippocampal (37) 
Cingulate (24) 

 
Limbic 
Posterior Cingulate  
     (30) 
Cingulate (31) 

 
Limbic 
Posterior Cingulate (29) 
Parahippocampal (37) 
Cingulate (24) 

  
 
Cingulate (31) 
      

 
 
-0.678 

   
↓ 

 
Occipital 
Lingual (17) 
Cuneus (17) 

 
 

 
Occipital 
Lingual (17) 
Cuneus (17) 

  
 
Lingual (17) 

 
 
-.0382 
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APPENDIX A 

EXAMPLE OF EEG RECORD WITH PROMINENT MU RHYTHM 
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Example of a mu rhythm in the raw EEG record. See sites C3, Cz and C4.  
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APPENDIX B 

EXAMPLE OF MU PATTERN IN A TOPOGRAPHIC MAP 
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APPENDIX C 

LORETA IMAGE OF Z-SCORE DIFFERENCES IN THE DELTA RANGE AT 3 HZ 
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LORETA image of z-score differences in the delta range at 3 Hz. The color blue indicates 
that the z-scores were negative while the color red indicates that the z-scores were 
positive.  
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APPENDIX D 

LORETA IMAGE OF Z-SCORE DIFFERENCES IN THE THETA RANGE AT 5 HZ 
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LORETA image of z-score differences in the theta range at 5 Hz. The color blue indicates 
that the z-scores were negative while the color red indicates that the z-scores were 
positive.  
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APPENDIX E 

LORETA IMAGE OF Z-SCORE DIFFERENCES IN THE ALPHA RANGE AT 9 HZ 
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LORETA image of z-score differences in the alpha range at 9 Hz. The color blue 
indicates that the z-scores were negative while the color red indicates that the z-scores 
were positive.  
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APPENDIX F 

LORETA IMAGE OF Z-SCORE DIFFERENCES IN THE BETA RANGE AT 30 HZ 
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LORETA image of z-score differences in the beta range at 30 Hz. The color red indicates 
that the z-scores were positive.  
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APPENDIX G 

LORETA IMAGE OF Z-SCORE DIFFERENCES IN THE BETTA RANGE AT 15 HZ 
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LORETA image of z-score differences in the beta range at 15 Hz. The color red indicates 
that the z-scores were positive.  
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APPENDIX H 

LORETA IMAGE OF Z-SCORE DIFFERENCES IN THE BETA RANGE AT 21 HZ 
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LORETA image of z-score differences in the beta range at 21 Hz. The color blue 
indicates that the z-scores were negative while the color red indicates that the z-scores 
were positive. Note the positive z-scores in the right temporal area and the negative z-
scores in the left temporal area.  
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APPENDIX I 

LORETA IMAGE OF Z-SCORE DIFFERENCES IN THE BETA RANGE AT 26 HZ 
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LORETA image of z-score differences in the beta range at 26 Hz. The color red indicates 
that the z-scores were positive. Note the higher positive z-scores in the right temporal 
area as shown by the darker red coloration.   
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   APPENDIX J 

DEFINITION OF TERMS 
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Asymmetry- An asymmetrical pattern is one in which the activity at one or more 

sites is 50 percent greater or lesser in amplitude than is seen in the homologous site or 

sites (Niedermeyer & Lopes da Silva, 2005). 

Electroencephalography (EEG)- The measurement of the electrical field activity 

produced by the Excitatory and Inhibitory Postsynaptic Potentials of the cortical neurons. 

The electrical activity is recorded through 19 sensors that are placed on the scalp 

according to the International 10-20 measuring system, using linked-ears as a reference 

(Fisch & Spehlman, 1999). 

Epileptiform activity- Electrical activity in the brain that appears similar to 

manifestations of epilepsy. This activity can consist of spikes or sharp wave activity, 

sharp slow waves, generalized spike-wave, and generalized polyspike activity. 

Epileptiform activity is seen commonly in individuals with active epilepsy, but seen in 

only 1 to 4 percent of healthy children (Spence & Schneider, 2009) 

Hypercoherence- When looking at raw EEG tracings, hypercoherence can be seen 

when waveforms appear overly similar in shape when compared to other individuals of 

the same age. When looking at qEEG measurements, hypercoherence is defined as 

activity that is two or more standard deviations higher than normal controls. When there 

is hypercoherence between two or more areas of the brain, this indicates that these areas 

are undifferentiated or overly connected (Schummer, 2008).  

Hypocoherence- In raw EEG tracings, hypocoherence can be seen when two 

waveforms that should appear similar do not, in comparison with age-matched controls. 

In qEEG nomenclature, hypocoherence abnormalities are considered significant when 
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there is equal to or greater than minus two standard deviations difference when compared 

to a standard database. When two or more areas of the brain are hypocoherent from one 

another, this indicates that there is disconnection and a relative lack of neural 

communication between the two areas (Schummer, 2008).  

Low voltage fast pattern- A pattern of brainwave activity that is characterized by 

excess fast activity in the beta bandwidth (12 to 30 Hz) that is less than 20mv in 

amplitude (Demos, 2005).  

Montage- A combination of electrode recordings. The selection of 2 inputs 

(electrode recordings) for any one amplifier channel is known as a derivation. A montage 

is a collection of multiple derivations (Fisch & Spehlman, 1999). 

 -Laplacian montage- This montage is implemented using the nearest 

neighboring electrodes that surround an input. The contributions of the surrounding 

reference electrodes are weighted according to their distance from the input electrode. 

This montage is useful for filtering out widespread coherent waveforms and emphasizing 

localized waveforms (Fisch & Spehlman, 1999). 

 -Linked ears montage- The reference electrodes in a linked ears montage 

are the left and right earlobes. This common reference is used for all 19 scalp inputs. The 

earlobes are chosen as a reference because they are relatively free of contamination from 

cortical sites (Fisch & Spehlman, 1999).  

Quantitative electroencephalography (qEEG)- In qEEG, the raw EEG record is 

visually inspected in order to choose recording epochs that are free of artifacts such as 

eye movement, muscle activity and drowsiness. The chosen epochs are then analyzed 

using fast Fourier transformation to produce color topographic maps and spectral analysis 
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that includes measures of absolute power, relative power, single band magnitude, 

coherence, asymmetry, and phase. 

Temporal lobe alpha activity- In the eyes closed condition, it is expected that the 

dominant (highest amplitude) activity will occur in the occipital region. This is because 

the occipital region is responsible for visual processing and when the eyes are closed, this 

area generally goes into a resting, relaxed state as seen with dominant alpha waves. When 

this dominant activity intrudes into temporal areas, this is known as a temporal alpha 

pattern. This pattern has been seen in patients with cerebrovascular problems and other 

temporal lobe changes (Niedermeyer & Lopes da Silva, 2005). 
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