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This study examines the efficacy of neurofeedback training in the cognitive division
of the anterior cingulate gyrus and describes its relationship with cortical regions
known to be involved in executive functions. This study was conducted with eight
non-clinical students, four male and four female, with a mean age of twenty-two.
Learning occurred in the ACed at significant levels over sessions and in the anterior
regions that receive projections from the AC. There appears to be a multidimensional
executive circuit that increases in the same frequency in apparent synchrony with

the AC and it may be possible to train this sub-cortical region using LNFB.

Keywords anterior cingulate gyrus, attention, cognition, electroencephalography,

executive function, LORETA, neurofeedback

INTRODUCTION

The anterior cingulate gyrus (AC) is a subject of intense interest and has
been the focus of numerous studies over the past decade. Studies report
involvement of the AC during a wide variety of cognitive, mnemonic and
emotional tasks (Cabeza & Nyberg, 2000; Cannon et al., 2005; Markela-Lerenc
et al., 2004: Devinsky et al., 1995). In a review, Devinsky et al. (1995)
sum the processes of the AC as: crucial in initiation, motivation, and goal
directed behaviors, emotion and motor functions, attention, direct control of
skeletal and visceromotor systems, response selection, cognitively demanding
processing devoid of movement and possible reclamation from short-term
memory. Attentional processes are probably the most investigated function
of the AC (Pardo et al., 1990: Bench et al., 1993; Posner & Petersen. 1990).
Activation of the prefrontal cortex (PFC), AC, bilateral parietal cortex and
occipital areas is reported in functional magnetic resonance imaging (fMRI)
experiments involving sustained attention and counting (Ortuno et al., 2001).
Studies report significant activation of the supplementary motor area (SMA)
during attentional tasks and suggest that the SMA, dorsolateral PFC, inferior
parietal lobes and the AC would be related to attentional effort as a general
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factor (Carr, 1992). Posner and Peterson (1990) suggest an anterior attention
system that involves the AC and portions of the SMA and a posterior attention
system that involves parietal regions and sub-cortical structures. Positron
Emission Tomography (PET) studies report bilateral metabolic reductions in
the hippocampal formation, thalamus, AC, and frontal basal cortex, which
support the contribution of the AC in a network involving memory (Fazio
et al., 1992). One prominent theory proposes that the AC detects the need for
executive control and signals the PFC to execute the control (Markela-Lerenc
et al., 2004). Executive functions are suggested to be an enveloping process that
involves all cognitive processes associated with goal completion, anticipation,
goal selection, planning, and initiation of activity, self-regulation, monitoring,
and use of feedback (Sohlberg & Mateer, 1989). This suggests that executive
functions are not only instrumental in cognitive processes but also crucial in
attentional effort and maintenance.

It has been demonstrated that humans can acquire a certain degree of
control over the electrical activity of their own AC, coupling the low-resolution
electromagnetic tomography (LORETA) with the neurofeedback technique
(Congedo, 2003; Congedo et al., 2004), yielding a non-invasive technique
known as LORETA Neurofeedback (LNFB). In these preliminary studies, only
the changes in the AC have been evaluated. However, it has been established
that executive processes are mediated by the frontal lobes and in particular by
the projections from the AC to the prefrontal and parietal cortices (Kondo et al.,
2003; Heyder et al., 2004; Duncan & Owen, 2000), namely, the bilateral
dorsolateral prefrontal cortex, left (LPFC) and right (RPFC), the right post-
central gyrus (RPCG), the bilateral supramarginal gyri (RSMG, LSMG), and
the cuneus. Hence, based on current information, this study sought to define the
correlational structure of cortical regions directly involved in the self-regulation
of the electrical activity of the AC. Particularly, the study investigated the
efficacy of the LNFB training within the cognitive division of the AC (ACcd)
and its effect in these connected regions. Following Congedo, Lubar, and Joffe
(2004) the study aimed at improving attentional processes, thus individuals
were trained to increase 14-18 Hz (low-beta) power activity in a seven-voxel
cluster defining the ACcd, within the Brodmann Area (BA) 32 with center
coordinates at X = —3, Y = 31, Z = 29. The definition of the region of
interest (ROI) followed indications of Devinsky et al. (1995). The effect of
the training was assessed by means of a number of pre—post and learning
electrophysiological measures. On the other hand, the efficacy of the training
was assessed by means of pre—post training psychometric testing using subtests
of the Weschler Adult Intelligence Scale—Third Edition (WAIS—III).
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Neurofeedback techniques have been utilized in clinical and research
settings for treatment of epilepsy (Sterman, 2000, 2001), attentional disorders
(Lubar & Lubar, 1999), alcoholism, and posttraumatic stress disorders
(Peniston & Kulkosky, 1989-1991), and continue to be a focal point of
development for possible treatments for psychological disorders. A recent
fMRI study reports neurofeedback techniques initiating blood oxygenated
level dependent (BOLD) changes in the AC, caudate and substantia nigra
in ADHD children (Levesque et al., 2006). LNFB and spatial-specific training
offer the possibility to influence regions deep in the medial temporal lobes,
limbic regions, and regions at the base of the brain, such as the insular cortex,
parahippocampal, lingual, fusiform, and orbital-frontal gyri. which contribution
to surface EEG is poor. As compared to the effects of traditional neurofeedback,
which is spatially unspecific (Congedo, 2003), LNFB may target a relatively
small neuronal population. This study focused on those regions of the cortex
that change in low-beta activity as a possible function of or in synchrony with
the AC over approximately 30 sessions of LNFB training. To date, no study
has investigated the simultaneous changes that occur in several regions of the
cortex as a consequence of either traditional or spatial-specific neurofeedback

training.

METHOD
Participants

This study was conducted with eight participants, four male and four female
non-clinical students at the University of Tennessee, Knoxville. The mean age
was 22, with standard deviation 1.92 and range 20-26. Seven of the participants
were right handed and one was ambidextrous. All participants read and signed
an informed consent to protocol approved by the University of Tennessee
Institutional Review Board. All received extra course credit for participating
in this study. Exclusionary criteria for participation included previous head
trauma, history of seizures, drug or alcohol use, and any previous psychiatric

diagnosis.

Procedures

Participants were prepared for EEG recording using a measure of the distance
between the nasion and inion to determine the appropriate capsize for recording
(Electrocap, Inc; Blom & Anneveldt, 1982). The head was measured and



