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Abstract

Objective—This article reviews neuroimaging studies that inform psychotherapy research. An 

introduction to neuroimaging methods is provided as background for the increasingly 

sophisticated breadth of methods and findings appearing in psychotherapy research.

Method—We compiled and assessed a comprehensive list of neuroimaging studies of 

psychotherapy outcome, along with selected examples of other types of studies that also are 

relevant to psychotherapy research. We emphasized magnetic resonance imaging (MRI) since it is 

the dominant neuroimaging modality in psychological research.

Results—We summarize findings from neuroimaging studies of psychotherapy outcome, 

including treatment for depression, obsessive-compulsive disorder (OCD), and schizophrenia.

Conclusions—The increasing use of neuroimaging methods in the study of psychotherapy 

continues to refine our understanding of both outcome and process. We suggest possible directions 

for future neuroimaging studies in psychotherapy research.
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To date there have been several reviews of neuroimaging studies for psychotherapy 

research. Reviews of neuroimaging studies of psychotherapy outcome were given by 

Beauregard (2007), Frewen, Dozois, and Lanius (2008), Karlsson (2011), Linden (2006), 

and Roffman, Marci, Glick, Dougherty, and Rauch (2005). Some broad and important issues 

for psychotherapy neuroimaging studies were also discussed by Etkin, Pittenger, Polan, and 

Kandel (2005) and Thase (2001). Among neuroimaging methods employed for 

psychological studies, magnetic resonance imaging (MRI) has become the most useful. 

Carrig, Kolden, and Strauman (2009) have provided an introduction for psychotherapy 

researchers to one of the most commonly employed MRI approaches in psychology, namely, 

functional MRI (fMRI). Finally, there have been reviews that show how neuroimaging 

studies from outside psychotherapy research per se can contribute to a neuroscience of 

psychotherapy (Carhart-Harris, Mayberg, Malizia, & Nutt, 2008; DeRubeis, Siegle, & 

Hollon, 2008; Disner, Beevers, Haigh, & Beck, 2011; Fonagy & Target, 2007; Gallese, 
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Eagle, & Migone, 2007; Northoff, Bermpohl, Schoeneich, & Boeker, 2007; Siever & 

Weinstein, 2009; Weston & Gabbard, 2002a, 2002b). These reviews covered a range of 

complex topics including psychoanalytic and cognitive models of depression, interpersonal 

relationships, attachment theory, defense mechanisms, personality disorders, ego and id, 

schemas, and transference.

Since these earlier reviews, there has been a large increase in the number of neuroimaging 

studies of psychotherapy outcome and the complexity of their methods and results. Thus the 

goal of the current article is to provide an updated review of neuroimaging studies of the 

effects of psychotherapy, along with an introduction to the increasingly complex 

neuroimaging methods appearing in psychotherapy research. A comprehensive list of 

neuroimaging studies of psychotherapy outcome published as of this writing will be 

presented. An introduction to neuroimaging methods that have appeared in psychotherapy 

studies will then be provided. These methods now encompass a wide and sophisticated 

variety of neuroimaging modalities and, therefore, a description of basic principles of 

neuroimaging appearing in psychotherapy studies is timely. This description will be 

followed by some highlights of what the neuroimaging studies have observed about how 

psychotherapy affects the brain. We conclude with possible directions for future 

neuroimaging studies in psychotherapy research.

Neuroimaging Studies of Psychotherapy

For this review, neuroimaging studies of psychotherapy outcome were identified using 

earlier reviews and current Pubmed searches. Psychotherapy outcome studies published in 

2006 or earlier were obtained from reviews by Beauregard (2007), Frewen et al. (2008), 

Karlsson (2011), Linden (2006), and Roffman et al. (2005). Two additional studies from this 

time period (Lindauer et al., 2005; Siegle, Carter, & Thase, 2006) were identified from 

citations in other articles. Studies published in 2007 or later were systematically identified 

from Pubmed searches using each of the terms “psychotherapy,” cognitive therapy,” or 

“behavioral therapy” combined with neuroimaging terms “MRI,” “photon emission,” 

“positron emission,” or “spectroscopy.” Titles of articles published in English were read and 

further assessed to identify neuroimaging studies of psychotherapy outcome or process. To 

decrease the size of the review, some outcome studies listed in the Pubmed searches were 

not included if they were based on only one or two subjects or employed treatments such as 

Story Memory Technique, personalized smoking cessation program, Exposure Therapy with 

D-cycloserine, neurofeedback or psychoneurotherapy, or virtual reality therapy.

A total of 90 neuroimaging studies of psychotherapy outcome were identified (Tables 1, 2). 

These included five studies that employed mindfulness based stress reduction (MBSR) or 

meditation/yoga (Table 2). Mindfulness, meditation, and yoga therapies were drawn 

originally from Asian contemplative traditions and have not usually been classified with 

traditional psychotherapies. However, they are types of psychological techniques that are 

being incorporated increasingly into psychotherapeutic programs (Hayes, Villatte, Levin, & 

Hildebrandte, 2011; Hofmann, Sawyer, & Fang, 2010). Also, many studies of mindfulness, 

meditation, and yoga interventions have employed imaging methods, such as studies of the 
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connectome (see below), that may become increasingly important in studies of more 

traditional psychotherapies. Therefore these studies were included in the present review.

Neuroimaging has been used to investigate psychotherapy outcomes for many different 

diagnoses and types of therapy (Tables 1, 2). The most common diagnoses have been 

depression, obsessive compulsive disorder (OCD), and schizophrenia. Other diagnoses 

included phobias, post traumatic stress disorder (PTSD), and other anxiety disorders; and a 

broad range of additional disorders such as multiple sclerosis, fibromyalgia, Alzheimer’s 

disease, etc. Effects on healthy populations have also been investigated in studies of MBSR 

and related approaches (Table 2).

The vast majority of studies have assessed cognitive or behavioral therapies (e.g. 

Amsterdam, Newberg, Newman, Shults, & Wintering, 2013; Hauner, Mineak, Voss, & 

Paller, 2012; Hoexter et al., 2012, 2013; McGrath et al., 2013; O’Neill et al., 2012, 2013; 

Penades et al., 2013). However, studies of psychodynamic therapies also have been 

conducted, such as psychodynamic therapy of depression (Buchheim et al., 2012; Hirvonen 

et al., 2011; Karlsson et al., 2010) and in-patient psychodynamic therapy (Beutel, Stark, Pan, 

Silbersweig, & Dietrich, 2010; De Greck et al., 2011). Most treatments were within 8 to 16 

weeks or sessions. Some treatments were as short as single sessions for treatment of phobias 

(e.g. Hauner et al., 2012; Schienle, Schäfer, Stark, & Vaitl, 2009). Long-term treatments 

included 15 months of psychodynamic therapy of depression (Buchheim et al., 2012), 2 

years of cognitive enhancement therapy of schizophrenia (Eack et al., 2010), and 6 years of 

treatment of autism (Pardini et al., 2012). Studies of mindfulness or meditation approaches 

summarized in Table 2 have assessed effects in some participants after 2 to 4 weeks of 

training (Tang, Lu, Fan, Yang, & Posner, 2012) or 8 or more years (e.g. Luders, Clark, Narr, 

& Toga, 2011; Luders et al., 2012; Taylor et al., 2011; Wang et al., 2011)

The published studies to date have employed a wide variety of neuroimaging methods to 

investigate the impact of psychotherapy. Because many of the imaging methods may be 

relatively new to psychotherapy researchers, a brief introduction to neuroimaging methods 

used in these psychotherapy studies will be provided. Primary emphasis will be given to 

magnetic resonance imaging (MRI) since it is the dominant neuroimaging modality in 

psychological research.

Neuroimaging Methods

There has been interest in the brain as a mediator of effects of psychotherapy since the 

inception of psychotherapy, beginning with Freud (Carhart-Harris et al., 2008). Empirical 

investigation of how the brain may change after psychotherapy treatment has become 

possible largely through development of noninvasive neuroimaging methods to safely image 

brain structure and function in living persons. Although these neuroimaging methods 

comprise several types of modalities, such as MRI, positron emission tomography (PET), 

etc., they share two general approaches to the study of psychotherapy outcome.

One general approach employs imaging of the brain both before and after psychotherapy 

treatment. Pre and post-treatment brain imaging results are compared to look for changes in 

brain function and/or structure. Neuroimaging of persons with psychological disorders have 
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revealed many differences from healthy persons, such as differences in measures of regional 

cerebral blood flow (rCBF), change in local blood oxygenation levels, levels of brain 

metabolites, functional connectivity, etc. (these are described further below). Thus, the 

effects of treatment may involve trends towards normalization of pretreatment 

abnormalities, such as normalization of pretreatment hypo- or hyperactivations in brain 

regions (Mayberg, 2003) Alternatively, effects of treatment may show brain changes 

suggesting involvement of compensatory neural mechanisms, such as changes in brain 

regions that did not show pretreatment abnormalities or change in direction from hypo- to 

hyperactivation, etc. (Hauner et al., 2012). Note that different types of results may be 

observable in different clinical time periods. For example, some changes in regional brain 

activations or functional connectivity may be observable after a single treatment session, 

while structural changes in grey matter or white matter tracts may take weeks or months to 

be detectable (Hauner et al., 2012; Lutz et al., 2013; Tang et al., 2012). In this regard, 

neuroimaging methods measure brain changes associated with psychotherapy in the same 

way that psychologists and neuroscientists would measure brain changes associated with 

learning, with maturation, with social interaction, or simply the passage of time. Finally, 

although some neuroimaging measures may show changes that are correlated with changes 

in clinical presentation, there also may be brain changes that currently are not explainable by 

clinical observations, and likewise there are numerous clinical therapeutic effects without 

clear neuroimaging results.

The other general approach is based on imaging of the brain before psychotherapy treatment 

begins in order to identify brain-based predictors of response to psychotherapy treatment. 

These biomarker studies typically investigate correlations between pretreatment 

neuroimaging measures of brain function or structure and post-treatment clinical measures 

of response to treatment, often controlling statistically for pre-treatment clinical status 

(Mayberg, 2003). Thus these studies do not require post-treatment neuroimaging results. 

Neuroimaging measures that may be useful as predictors of treatment response may or may 

not indicate some abnormality in structure or function at pretreatment assessments. That is, 

predictors of treatment response may include brain regions that are not known to be 

abnormal in neuroimaging studies of the psychological disorder being treated (Premkumar et 

al., 2009). Such a finding could signify that having a particular neurophysiological and/or 

psychological function that is intact is advantageous in responding to the particular 

psychotherapy that was given.

Neuroimaging Modalities

The earliest psychotherapy neuroimaging studies were mostly positron emission tomography 

(PET) and single photon emission tomography (SPECT) studies, paralleling the importance 

of PET and SPECT studies in early investigations of the neural substrates of psychological 

phenomena (e.g. Baxter et al., 1992; Laatsch, Pavel, Jobe, Lin, & Quintana, 1999; Schwartz, 

Stoessel, Baxter, Martin, & Phelps, 1996) (Table 1). PET and SPECT are similar in their use 

of exogenous compounds that are radioactively labeled and introduced into the participant 

prior to scanning, usually by intravenous methods. The labeled compounds are taken up by 

the brain, and concentrations of the compounds in specific brain regions are then quantified 

to measure regional cerebral blood flow, cerebral metabolism, or receptor binding of 
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neurotransmitters. PET and SPECT primarily differ in the type of radioactivity emitted by 

the labeled compounds; PET uses labels that are positron emitters while SPECT uses gamma 

ray emitters.

Neurons depend on energy generated by consumption of glucose and oxygen. Thus an 

increase in local neural activity leads to more local use of glucose and oxygen, followed by 

vascular autoregulation to increase cerebral blood flow (perfusion) to deliver more glucose 

and oxygen to the region of activation. The dependence of neural activity on glucose, 

oxygen, and blood flow to meet energy needs of regional neural activation has led to several 

PET neuroimaging methods. Among these is a measure of cerebral metabolism that employs 

glucose analogs as labeled compounds, such as fluorodeoxyglucose (18FDG), with PET 

imaging to generate brain maps of regional cerebral glucose metabolism (Brody et al., 1998, 

2001b; Goldapple et al., 2004). Another PET method is based on measuring regional 

changes in cerebral blood flow. Cerebral blood vessels contain water, and it is possible to 

observe regional cerebral blood flow by using radiolabeled water (O15H2O) with PET 

imaging (Furmark et al., 2002). Because changes in regional cerebral glucose metabolism 

and blood flow are correlates of neural activity, they have been used to make inferences 

about brain function, such as studies in Table 1 characterizing resting-state brain function 

(Apostolova et al., 2010; Brody et al., 2001a, 2001b; Goldapple et al., 2004; Konarski et al., 

2009; Lindauer et al., 2005; McGrath et al., 2013) or functional changes in association with 

performance of a mental or behavioral task (Furmark et al., 2002; Lindauer et al., 2008; 

Penades et al., 2013; Peres et al., 2007).

PET and SPECT can also be used to image the distribution of some types of 

neurotransmitter binding in the brain. In these studies a radioactive analog of a specific 

neurotransmitter(s) is used as a labeling compound and its uptake in the brain is mapped. 

Two neurotransmitters that have been examined in psychotherapy studies are serotonin and 

dopamine, both of which have been implicated in types of psychopathology such as 

depression. For example, changes in serotonin receptor binding have been examined after 

psychotherapy treatments for depression (Amsterdam et al., 2013; Hirvonen et al., 2011; 

Karlsson et al., 2010; Lehto et al., 2008a, 2008b).

Magnetic resonance imaging began to appear in psychotherapy outcome studies later than 

PET and SPECT imaging because early MRI methods had less sensitivity to changes in the 

brain related to mental phenomena of interest to psychological researchers. This changed 

with the development of functional MRI (fMRI) methods. Most MRI methods, including 

fMRI, rely on magnetic resonance signals that originate from protons that are endogenously 

present in the human body. An understanding of the proton signal source of fMRI signals, 

and the relationship between fMRI signals and neural function, continues to be under 

investigation, for example, in studies of local field potential neural signals and their 

relationship to fMRI signals (Kim & Ogawa, 2012; Magri, Schridde, Murayama, Panzeri, & 

Logothetis, 2012; Raichle, 2011). Nonetheless, currently the primary model for interpreting 

fMRI signals is based on the role of local hemodynamic changes that are associated with 

changes in neural activity (Carrig et al., 2009; Raichle, 2011).
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The most prominent model for interpreting fMRI signals is the following (Huettel, Song, & 

McCarthy, 2009). As described above, an increase in local neural activity leads to local use 

of oxygen. Oxygen is delivered to brain tissue via oxygenated hemoglobin found in red 

blood cells. When neural activity and oxygen consumption increase, the level of oxygenated 

hemoglobin in blood in the localized region decreases while the level of deoxygenated 

hemoglobin increases. Deoxygenated hemoglobin has a magnetic property that can decrease 

nearby MRI signals (such as from protons of water molecules in blood vessels; Kim & 

Ogawa, 2012). Thus, when neural activation occurs a localized decrease in MRI signal may 

be observed. However, this decrease in signal is only momentary, for the consumption of 

oxygen is followed by a vascular response that leads to a local increase in cerebral blood 

flow and, therefore, an increase in the level of oxygenated hemoglobin. This local increase 

in blood flow then leads to an increase in the MRI signal. The vascular response is abundant 

such that the MRI signal increases above its baseline level, and this increased signal is the 

main response observed as a correlate of neural activity. The method that is based on this 

model is called the blood oxygenation level dependent (BOLD) method. The earliest MRI 

studies of psychotherapy outcome used this BOLD fMRI approach (Paquette et al., 2003; 

Wykes et al., 2002). A helpful introduction to BOLD fMRI methods for psychotherapy 

researchers has been provided by Carrig et al. (2009).

Findings obtained from fMRI studies often overlap with those obtained from PET and 

SPECT studies of cerebral blood flow or metabolism because of overlapping dependence on 

regional blood flow and metabolism. However, MRI has several advantages over PET and 

SPECT imaging including the absence of exogenous agents, absence of radioactive 

exposure, and better temporal and spatial resolution. For example, the temporal resolution of 

PET /SPECT is on the order of minutes (that is, the time required to detect a change in 

regional brain activation) while the temporal resolution of fMRI is on the order of seconds 

(Huettel et al., 2009). Thus MRI has become the dominant neuroimaging modality and 

Table 1 shows that most of the recent psychotherapy outcome studies have employed MRI. 

These include studies of psychodynamic psychotherapy (Beutel et al., 2010; Buchheim et 

al., 2012; De Greck et al., 2011) and numerous investigations of cognitive behavioral types 

of treatments (e.g. Bor et al., 2011; Doehrmann et al., 2012; Hauner et al., 2012; Kircher et 

al., 2013; Klumpp, Fitzgerald, & Phan, 2013; Ritchey et al., 2011; Siniatchkin et al., 2012; 

Yoshimura et al., 2013).

Since fMRI was first used there have been additional developments in MRI that can be 

applied to the investigation of psychological phenomena. Magnetic resonance spectroscopy 

(MRS), a method based on the influence of molecular structure on magnetic resonance 

signals, can be used to image specific metabolites in the brain, including N-acetyl aspartate, 

glutamate and glutamine, and myo-inositol. MRS is increasingly valuable for investigating 

neural processes associated with psychological disorders and their treatments, e.g. 

depression (Caverzasi et al., 2012), obsessive compulsive disorder (Brennan, Rauch, Jensen, 

& Pope, 2013); and schizophrenia (Port & Agarwal, 2011). Five MRS studies of the effects 

of cognitive or behavioral therapies for treatment of obsessive compulsive disorder have 

recently appeared (O’Neill et al., 2012, 2013; Whiteside, Abramowitz, & Port, 2012a, 

2012b; Zurowski et al., 2012).
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Advances in anatomical or structural MRI assessments of sizes and shapes of gray and white 

matter, cortical thickness, and surface area have meant that these methods are now 

sufficiently sensitive for many studies of psychological disorders and treatments, e.g. 

depression (Andreescu et al., 2008; Kempton et al., 2011), obsessive compulsive disorder 

(Pujol et al., 2011), schizophrenia (Meyer-Lindenberg, 2010; Nenadic, Gazer, & Sauer, 

2012); and borderline (Schmahl & Bremner, 2006), schizotypal (Hazlett, Goldstein, & 

Kolaitis, 2012), and psychopathy and antisocial (Gregory et al., 2012) personality disorders. 

Measurements often employ automated methods, such as voxel based morphometry (VBM), 

for increased precision (a voxel is a three-dimensional volume element in an image, similar 

to a pixel element in a two-dimensional picture) (Ashburner & Friston, 2000). Structural MR 

imaging in psychotherapy research has included several studies of regional brain volumes as 

predictors of response to cognitive therapies for PTSD (Bryant et al., 2008), schizophrenia 

(Keshavan et al., 2011; Premkumar et al., 2009), and obsessive compulsive disorder 

(Hoexter et al., 2012, 2013). MRI methods have also been developed that focus on imaging 

an important structural component of the brain, the white matter tracts, using diffusion 

tensor imaging (DTI) (Johansen-Berg & Rushworth, 2009). DTI will be discussed further 

below in the section on structural connectivity within the brain.

Clinical MRI neuroimaging often employs the use of contrast agents, which are exogenous 

compounds that are introduced into the individual prior to scanning, usually by intravenous 

methods, to increase the visibility of some types of brain structures. Some common contrast 

agents use gadolinium (Gd). These contrast agents are taken up by brain regions and 

modulate the regional MRI signals. For example, multiple sclerosis can be characterized by 

gadolinium enhancing lesions in the brain. An interesting use of Gd contrast in 

psychotherapy research can be seen in a study of stress management therapy (SMT) of 

multiple sclerosis that observed changes in the number of brain lesions during and after 

SMT (Mohr et al., 2012).

Another relatively advanced MRI method is arterial spin labeling (ASL). ASL is used to 

measure cerebral blood flow or perfusion. Water molecules in blood can be magnetically 

“labeled” and then followed as they flow through arteries of the brain. ASL results have 

similarities to cerebral blood flow measured using PET and SPECT imaging, and like these 

methods can also be used for neuroimaging of brain function (Detre, Wang, Wang, & Rao, 

2009). Although ASL has not yet appeared in traditional psychotherapy studies, it has been 

used in a study of meditation tasks (Wang et al., 2011).

The Connectome

One of the most important efforts in current neuroscience is the investigation of connections 

and pathways for information to flow within the brain (Biswal et al., 2010; Raichle, 2011). 

Most early neuroimaging studies investigated discrete brain regions. However, the number 

of discrete, observable brain regions is vastly outnumbered by connections between brain 

regions (Sporns, Tononi, & Kotter, 2005). Connections can be structural (that is, 

representing direct tissue connections between brain regions) or functional (temporal 

correlations between activity in discrete brain regions), and the totality of all structural and 

functional connections in the brain is referred to as the connectome. Mapping brain 
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connectivity shifts our attention from discrete brain regions to networks of brain regions that 

support psychological functioning and are involved in psychological dysfunction as well 

(Buckholtz & Meyer-Lindenberg, 2012; Fornito & Bullmore, 2012). Connectivity is a 

complex field, and the relation between connectivity networks and psychological 

functioning and behavior is in early stages of development. However, studies of connectivity 

are beginning to increase our understanding of how psychological phenomena are 

instantiated in the brain by drawing attention to the networks involved when an individual is 

engaged in a specific mental activity as well as during baseline or so-called “resting” states. 

This integrated perspective, which encompasses connectivity networks throughout the entire 

brain, is critical for an understanding of psychological disorders, developmental trajectories, 

treatments, and prevention (e.g. Perrin et al., 2012; Zeng et al., 2012a, 2012b). For example, 

Buckholtz and Meyer-Lindenberg have proposed that disruption of “core connectivity 

circuits” leads to “transdiagnostic symptoms” in psychological disorders such as decreased 

concentration, increased ruminating, hypervigilance, and worry (2012, p. 990). The study of 

the connectome is being driven especially by advancements in MRI imaging of structural 

and functional connectivity.

Structural connectivity: diffusion tensor imaging (DTI) of white matter—
Structural connections between brain regions are hallmarked by the white matter tracts of 

the brain that contain myelinated axons. White matter tracts can be assessed using diffusion 

MRI methods such as diffusion tensor imaging (Johansen-Berg & Rushworth, 2009; 

Madden, Bennett, & Song, 2009). Proton magnetic resonance signals are affected by 

diffusional processes of water molecules. For example, proton MRI signals are affected by 

the degree to which diffusion of water molecules is unequal in different directions, i.e. 

anisotropic diffusion, or equal in all directions, i.e. isotropic diffusion. Water molecules in 

structures like axons within the brain’s white matter tracts show more anisotropic diffusion 

along the direction of the length of the axon, while diffusion in neuronal cell bodies in gray 

matter is more equal in all directions (and therefore isotropic). A common measure of the 

degree of anisotropy of diffusion is fractional anisotropy (FA). FA can be used to image the 

brain’s white matter tracts and this approach is referred to as tractography. Additional DTI 

measures that can quantify the structure of white matter connections are axial diffusivity 

(AD), radial diffusivity (RD), and mean diffusivity (MD). Although models for diffusivity 

continue to be refined, FA is a measure of white matter structure that depends on multiple 

factors related to axon characteristics, myelination, and axonal fiber orientation within each 

individual voxel. AD can reflect axonal features such as axon density, while decreases in 

RD indicate increased myelination (Tang et al., 2012).

DTI studies are making important contributions to understanding depression (Hulvershorn, 

Cullen, & Anand, 2011; Murphy & Frodl, 2011; Sexton et al., 2012; Takeda, Tanaka, & 

Kudo, 2011), obsessive compulsive disorder (Fontenelle et al., 2009), and schizophrenia 

(Ellison-Wright & Bullmore, 2009; Whitford, Kubicki, & Fenton, 2011). DTI has not yet 

appeared in studies of typical psychotherapies. However, it has been used to study effects of 

cognitive remediation therapy (CRT) for schizophrenia (Penades et al., 2013), as well as a 

long-term, complex cognitive, behavioral, and communicative treatment of autism (Pardini 

et al., 2012). It has also been used to study how a nontraditional mindfulness therapy, 
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Integrated Body Mind Therapy (IBMT), which improved self-regulation and mood in 

healthy participants, led to white matter neuroplastic changes around the anterior cingulate 

in only 2 to 4 weeks (Tang et al., 2012).

Functional connectivity—Functional connectivity refers to temporal correlations 

between brain regions (Biswal et al., 2010). There are diverse measures of functional 

connectivity but the most productive method currently is based on temporal correlations 

between BOLD fMRI signals from different brain regions (Biswal et al., 2010, Raichle, 

2011). In typical fMRI studies the fMRI signal is analyzed to examine increases from the 

baseline (or decreases in “deactivated” regions) in association with performance of some 

specific task in which participants are engaged (e.g., retrieving a memory, making a 

judgment about a stimulus, or making a choice). However, during a baseline state, such as a 

resting state when a participant is asked to lie quietly in the scanner without performing any 

specific task, fMRI signals will show spontaneous increases and decreases, i. e. spontaneous 

or “intrinsic” fluctuations. These intrinsic fluctuations actually constitute some 95% of an 

overall fMRI signal at any moment, while the task associated increases (decreases) 

constitute only approximately 5% of the signal (Madden et al., 2009). Intrinsic fluctuations 

were not usually examined in fMRI studies but were simply discarded statistically as noise. 

However, it turns out that these spontaneous or intrinsic fluctuations carry a great deal of 

information about brain function (Biswal et al., 2010; Raichle, 2011). In particular, the 

intrinsic fluctuations in one region of the brain are often found to be synchronized, i.e. 

temporally correlated, with fluctuations in other regions of the brain. In turn, such 

correlations are used as a measure of functional connectivity between brain regions and, 

therefore, are said to identify functionally connected networks of the brain. Note that the 

correlations can be positive or negative, i.e., activation in one region can increase or 

decrease in synchrony with activation in another region. Indeed, some networks show 

significant negative associations or “anti-correlations” between each other (Fox et al., 2005; 

Fox, Buckner, White, Greicius, & Pascual-Leone, 2012; Vasic, Walter, Sambataro, & Wolf, 

2009). Functionally connected brain regions may or may not have direct anatomical 

connections (which is one important conceptual difference between neuroimaging of 

structural vs. functional connectivity). However, the strength of functional connectivity can 

be an index of the integrity of anatomical connections such as white matter tracts as well as 

the approximate neural ‘pathways’ by which two regions could be functionally associated 

during task performance or at rest (Horwitz et al., 2005).

The most common methods for identifying functionally connected networks can be broadly 

classified into seed-based versus data-driven methods such as independent component 

analysis (ICA) (Biswal et al., 2010; Fornito & Bullmore, 2012). Seed-based functional 

connectivity analyses use fMRI time course series, from voxels within a particular brain 

region of interest (ROI), as a “point-of-origin” to identify voxels in other parts of the brain 

that have time course series in synchrony with the seed region. In contrast, data-driven 

techniques such as independent component analysis (ICA) analyses search for synchronous 

brain regions that are non-overlapping. Functional connectivity can be assessed in 

association with specific characteristics of task performance in healthy or clinically 

diagnosed individuals (Josipovic, Dinstein, Weber, & Heeger, 2012; Kircher et al., 2013; 
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Penades et al., 2013). Currently, however, there is a particular emphasis on mapping 

intrinsic functional connectivity of the resting state brain. These studies are critical to a 

comprehensive understanding of the human connectome (Biswal et al., 2010; Raichle, 2011; 

Snyder & Raichle, 2012; Sporns et al., 2005). Resting-state data also have special relevance 

for understanding baseline features of brain function, including those that instantiate many 

characteristics of normal psychology and psychological disorders (e.g., psychological 

functions associated with the “self”). We note that psychotherapy researchers are as 

interested in baseline changes in psychological functioning, including those indicated by 

changes in resting-state activation patterns, as in changes during the performance of specific 

tasks. Also of note is that MRI studies of the resting-state can be easier to conduct than task-

based studies for some types of clinical participants.

Numerous functionally connected networks are being identified and examined throughout 

the brain (e.g. Buckholtz & Meyer-Lindenberg, 2012; Lenglet et al., 2012; Raichle, 2011; 

Shirer, Ryali, Rykhlevskaia, Menon, & Greicius, 2012; Zeng et al., 2012b). A useful 

example of connectivity networks can be found in Raichle (2011), who highlighted seven 

hypothetical networks: the default mode (DMN), executive control, dorsal attention, 

salience, sensorimotor, visual, and auditory networks. Buckholtz & Meyer-Lindenberg 

(2012) highlighted four “core connectivity” networks for executive, affective, motivational, 

and social cognitive functions. Other studies of functionally connected networks have 

highlighted as few as three or four networks, typically the default mode network, cognitive 

control network, and affective networks (Sheline, Price, Yan, & Mintun, 2010), or 14 or 

more networks (Shirer et al., 2012). These networks are comprised of numerous brain 

regions or “nodes,” many of which overlap with important regions observed in other PET 

and fMRI studies of regional brain activation, while other regions are drawing new attention.

Connectivity studies are leading to novel and more comprehensive insights into the 

neurobiological basis of many psychological disorders (Buckholz & Meyer-Lindenberg, 

2012; Fornito & Bullmore, 2012; Raichle, 2011) including depression (Davey, Yucel, Allen, 

& Harrison, 2012; Fox et al., 2012; Perrin et al., 2012; Sheline et al., 2010; Zeng et al., 

2012a, 2012b), obsessive compulsive disorder (OCD) (Stern, Fitzgerald, Welsh, Abelson, & 

Taylor, 2012), schizophrenia (Calhoun, Eichele, & Pearson, 2009; Lynall et al., 2010; 

Salomon et al., 2011), and autism (Schipul, Keller, & Just, 2012). Studies on depression are 

illustrative of current theorizing about functional networks and how such models can 

illuminate both the etiology of psychopathology and how specific treatments might lead to 

lasting changes in the nervous system. Although there are several network models of 

depression (e.g. Mayberg, 2003), we will focus on a study by Sheline et al. (2010), who 

examined three functionally connected networks in participants with depression: the default 

mode network, the affective network, and the cognitive control network.

Default mode network: The default mode network is a network of brain regions with 

relatively greater activation when the individual is resting or not actively engaged in a 

specific task (Gusnard, Akbudak, Shulman, & Raichle, 2001; Snyder & Raichle, 2012). On 

the other hand, regions of the DMN typically show decreased activations during intentional 

performance of a wide range of tasks (Raichle et al., 2001). DMN includes regions in the 

anterior cingulate, medial prefrontal cortex, posterior cingulate/precuneus, hippocampus, 
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parahippocampus and amygdala (medial temporal lobe), and thalamus. Many regions of the 

DMN are involved in self-referential processing (i.e. what some investigators refer to as the 

“neural self”) as well as interpersonal function, episodic memory, future planning, and mind 

wandering (Buckner & Carroll, 2007; Doucet et al., 2012; Gusnard et al., 2001). Greicus, 

Krasnow, Reiss, & Menon (2003) hypothesized that regions in the DMN would be 

functionally connected in the resting state. To test this prediction they examined the 

intrinsic, functional connectivity of two regions of interest in the DMN, the posterior 

cingulate cortex/precuneus region and the ventral anterior cingulate cortex. Results showed 

that the regions were functionally connected to each other as well as to additional regions 

consistent with the DMN. Since then, use of functional connectivity methods to identify the 

DMN has become common. Thus the DMN can be operationalized as the set of brain 

regions that are synchronized with the posterior cingulate/precuneus region while the 

individual is at rest (i.e., not actively engaged in a specific task) (Sheline et al., 2010).

Affective network: The affective network of brain regions is involved in all aspects of 

emotion processing (Northoff, et al., 2006; Phan, Wager, Taylor, & Liberzon, 2002). It 

overlaps many regions of the DMN, including parts of the anterior cingulate (subgenual) and 

the amygdala. It also includes connections with the temporal poles, basal ganglia, and 

orbitofrontal cortex. Regions of the affective network comprise some (not all) of the regions 

activated using emotion tasks, such as feelings of sadness induced from autobiographical 

scripts (Mayberg et al., 1999), viewing negative emotion pictures (Anand et al., 2005), or 

rating emotional words for personal relevance (Siegle et al., 2006; Siegle et al., 2012). The 

affective network can be assessed using functional connectivity MRI and a seed region 

within the subgenual anterior cingulate (Sheline et al., 2010). Note that patterns of task-

related activation within the anterior cingulate, and especially the subgenual anterior 

cingulate cortex, have been prominent in many studies of depression (e.g. Davey et al., 

2012; Fox et al., 2012; Greicius et al., 2007; Mayberg et al., 1999; Sheline et al., 2010; 

Siegle et al., 2006, 2012; Vasic et al., 2009).

Cognitive control network: The cognitive control network is activated by tasks involving 

the intentional or automatic control of information processing, such as attention and working 

memory tasks. Examples of stimuli that activate this network are a visual search task (Cole 

& Schneider, 2007) or a multi-source interference task (Davey et al., 2012). Regions in the 

cognitive control network include the anterior cingulate/pre-supplementary motor area and 

dorsolateral prefrontal cortex (Cole & Schneider, 2007). Notably, the cognitive control 

network is negatively correlated (“anticorrelated”) with the DMN (Fox et al., 2005), so that 

when one network is engaged the other tends to be disengaged or inhibited. Further, 

functional connectivity between the dorsolateral prefrontal cortex of the cognitive control 

network and the subgenual anterior cingulate cortex of the affective network also is 

negatively correlated (Fox et al., 2012). The cognitive control network can be assessed by 

using functional connectivity MRI and a seed region in the dorsolateral prefrontal cortex 

(Sheline et al., 2010). Patterns of task-related activation within the dorsolateral prefrontal 

cortex have also been prominent in studies of depression, including in studies of 

mechanisms of action of electroconvulsive therapy and transcranial magnetic stimulation 
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treatments of depression (Fox et al., 2012; Perrin et al., 2012; Sheline et al., 2010; Siegle, 

Thompson, Carter, Steinhauer, & Thase, 2007).

Sheline et al. (2010) observed that these three networks showed increased connectivity to a 

common region in the dorsomedial prefrontal cortex in participants with depression but not 

in healthy individuals. Connectivity to the dorsomedial prefrontal cortex was correlated with 

clinician-rated depressive symptoms, suggesting that this distinctive pattern of functional 

connectivity was both characteristic of a depressed state and an index of symptom severity. 

The authors suggested that interventions that would bring about decreased connectivity 

between the three networks and the dorsomedial prefrontal cortex might be particularly 

helpful – a hypothesis that is potentially relevant both to treatment selection and to 

understanding mechanisms of action in psychotherapy.

Sheline and colleagues’ proposal has since been supported by a recent functional 

connectivity MRI study of the mechanisms of electroconvulsive therapy (ECT) for 

depression (Perrin et al., 2012). Results showed that ECT led to a decrease in functional 

connectivity between the left dorsolateral prefrontal cortex and several regions of the brain, 

including the dorsomedial prefrontal cortex. To our knowledge this hypothesis has yet to be 

tested prospectively in psychotherapy research related to depression. Still, even if this 

pattern of correlations among brain regions is simply a biological state marker for 

depression, it offers an additional opportunity to measure treatment-induced change and it 

may provide clues regarding the neural and psychological processes involved in the 

maintenance and persistence of a depressed state.

Finally, a recent study of functional connectivity MRI in depression has been able to identify 

100% of participants with depression and 89.7% of healthy controls using a machine 

learning algorithm to analyze resting state fMRI results (Zeng et al., 2012b). The functional 

connections that discriminated most reliably between the two groups were in the default 

mode and affective networks, along with a third network for visual processing involving the 

lingual, fusiform, inferior occipital, and calcarine gyri (Zeng et al., 2012b, pp. 1498, 1502). 

Abnormalities in the affective network included abnormal connectivity to the orbitofrontal 

cortex and basal ganglia. Connections between the cerebellum and regions of the default 

mode and affective networks were also found to discriminate between the groups. Overall, 

functional connectivity with the amygdala, anterior cingulate, parahippocampus and 

hippocampus were most important to discriminate between depressed and normal 

participants.

By way of summary, neuroimaging techniques can now identify and quantify connections 

between brain regions in addition to findings task-related patterns of localized, regional 

brain activations. Study of the connectivity networks of the brain is rapidly increasing the 

neurobiological understanding of psychological disorders. This research is also beginning to 

contribute critical knowledge of neurobiological mechanisms of treatments of psychological 

disorders. Functional connectivity studies are beginning to appear in psychotherapy 

research, such as effects of cognitive treatments of schizophrenia (Kumari et al., 2009; 

Penades et al., 2013), panic disorder (Kircher et al., 2013), and fibromyalgia (Jensen et al., 

2012). Functional connectivity studies are also increasingly common in studies of 
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mindfulness and meditation (e.g. Brewer et al., 2011; Jang et al., 2011; Josipovic et al., 

2012; Kilpatrick et al., 2011).

Effects of psychotherapy on the brain: a selective review

Almost all neuroimaging studies of psychotherapy effects have reported significant 

differences in comparisons of neuroimaging findings before versus after treatment. Most 

findings were obtained from studies of brain function, such as task-based activations, 

resting-state blood flow or glucose metabolism, or serotonin or dopamine function. 

However, more recent studies also have detected psychotherapy-induced structural changes 

in the brain, such as changes in volumetric measures (Eack et al., 2010; Holzel et al., 2010; 

Luders et al., 2012) or measures of white matter characteristics (Luders et al., 2011, 2012; 

Pardini et al., 2012; Tang et al., 2012), as well as regional changes in neurochemicals 

(O’Neill et al., 2012, 2013; Whiteside et al., 2012a, 2012b; Zurowski et al., 2012). Overall, 

these studies clearly demonstrate the capacity of neuroimaging methods to detect some 

changes in the brain from psychotherapy treatments. And although earlier psychotherapy 

neuroimaging studies primarily probed for neural changes after psychotherapy treatments, 

more recent work includes an important focus to identify pretreatment biomarkers or 

predictors of treatment outcome. Indeed, 24 of the 85 studies in Table 1 reported results for 

predictors of treatment response, with 22 published since 2008.

Neuroimaging results from psychotherapy research encompass a wide range of complex 

and, at times, inconsistent findings (e.g. Amsterdam et al., 2013; Linden, 2006; McGrath et 

al., 2013; Ritchey et al., 2011; Roffman et al., 2005). This is not surprising considering the 

breadth of diagnoses and number of treatment protocols that have been investigated using 

many types of neuroimaging methods, participant characteristics, stimulus tasks, regions of 

interest, etc. In light of this complexity, the current section will focus on three disorders - 

depression, OCD, and schizophrenia, followed by some examples of other studies relevant 

to psychotherapy research to illustrate neuroimaging effects of psychotherapy. It will end 

with discussion of a general observation that effects of psychotherapy often implicate 

important connectivity networks of the brain.

Psychotherapy Outcome Studies

Depression—Neuroimaging studies of psychotherapy in depression have observed 

changes in many brain regions, including the cingulate gyrus (anterior, subgenual, dorsal, 

posterior), medial prefrontal, orbitofrontal, dorsolateral and dorsomedial prefrontal cortices, 

temporal lobes (hippocampus, amygdala, parahippocampus), and basal ganglia (striatum, 

caudate). Many of the changes have been in the direction of normalization of neural function 

in brain regions that showed abnormalities before treatment (e.g. Dichter et al., 2009, 2010; 

Fu et al., 2008; Ritchey et al., 2011). These are also important regions in brain networks 

known to be altered in depression. For example, Sheline’s network perspective of 

depression, described above, highlighted abnormalities in default mode (medial prefrontal 

cortex, anterior and posterior cingulate, hippocampus, parahippocampus, amygdala), 

cognitive control (dorsolateral prefrontal cortex), and affective (subgenual cingulate, 

amygdala, with connections to orbitofrontal and basal ganglia regions) (Sheline et al., 2010) 

networks. Another model proposed that depression is a dysfunction of a limbic-cortical 
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network (Mayberg, 2003); limbic structures include the cingulate, amygdala, hippocampus, 

parahippocampus and cortical structures include dorsolateral prefrontal and medial orbit 

frontal cortices. Both of these network models suggest that psychotherapy treatments 

modulate networks that are dysfunctional in depression.

Connectivity changes within these networks via “top-down (cortico-thalamic, cortico-

limbic) or bottom-up (thalamo-cortical, limbic-cortical)” mechanisms have been proposed as 

mediators of treatment effects (Mayberg, 2003, p. 196; Goldapple et al., 2004). 

Antidepressant pharmacotherapies have been postulated to work via bottom-up mechanisms 

that target limbic or subcortical brain regions, while psychological therapies were postulated 

to work via top-down mechanisms that target higher level cortical processing, such as 

cognitive control networks in cognitive behavioral therapies. Earlier studies of interpersonal 

(Brody et al., 2001b) and CBT treatments (Goldapple et al., 2004; Kennedy et al., 2007) 

revealed decreased FDG-PET resting glucose metabolism in frontal cortical regions after 

treatment. However, CBT studies also showed increased metabolism in anterior cingulate 

gyrus and related regions. Together these results indicated “reciprocal limbic increases… 

and cortical decreases” that may be the “neural correlates” of “psychological or top-down 

mechanisms that mediate CBT response” (Goldapple et al., 2004, pp. 37, 38).

Recent studies based on other neuroimaging approaches also indicate that psychotherapies 

are modulating regions within these networks. Functional MRI studies by Buchheim et al. 

(2012) using attachment system stimuli showed that brain activations decreased in the 

subgenual cingulate, hippocampus/amygdala, and medial prefrontal regions after long-term 

psychodynamic psychotherapy treatment. Yoshimura et al. (2013) showed that fMRI 

activations in response to self-referential tasks increased (positive stimuli) or decreased 

(negative stimuli) in the medial prefrontal and anterior cingulate regions after CBT. 

Amsterdam et al. (2013) used a different neuroimaging approach and investigated changes 

in serotonin transporter binding (SERT) after CBT. Results showed that serotonin 

transporter binding increased in the medial temporal lobes after CBT, consistent with “a 

“top-down effect of CBT on SERT binding,” i.e. a corticolimbic mechanism. Note that 

increased serotonin transporter binding has also been observed in studies of psychodynamic 

psychotherapy in depression (Lehto et al., 2008a).

One important feature of the psychotherapy studies of depression summarized in Table 1 is 

that more than a third report predictors or biomarkers of treatment response. Biomarker 

studies are important because “fewer than 40% of patients with major depressive disorder 

achieve remission with initial treatment” (McGrath et al., 2013, p.E1). Thus, it would be 

helpful to be able to predict reliably who is likely to benefit from a specific treatment. The 

most frequently appearing biomarker regions in neuroimaging studies of psychotherapy for 

depression have been within the anterior cingulate gyrus. For example, Siegle et al. (2006) 

showed that lower response in the subgenual anterior cingulate or higher response in the 

amygdala to an emotion processing task predicted better response to CBT. These 

investigators have conducted another study to replicate their findings and observed similar 

results for the subgenual cingulate although not for the amygdala (Siegle et al., 2012).
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A different approach to biomarkers for CBT treatments of depression has highlighted other 

regions. McGrath et al. (2013) investigated neuroimaging treatment-specific biomarkers 

(TSB) that could differentiate patients with depression who would respond preferably to 

CBT versus pharmacotherapy (escitalopram). Resting state brain glucose metabolism in the 

insula was observed to be a useful TSB: right anterior insular hypometabolism predicted 

remission after CBT but not after escitalopram, while insular hypermetabloism predicted the 

opposite treatment response. The results suggested two different “baseline patterns” of 

regional brain metabolism in depressed individuals that is associated with how an individual 

responds to different treatment approaches. Other discriminating regions were inferior 

temporal, amygdala, premotor, motor, and precuneus regions. Note that the anterior 

cingulate, identified as a biomarker for CBT response in several other studies, was not 

identified here as a treatment-specific biomarker that could discriminate between CBT and 

escitalopram as treatments leading to remission of depression. These results indicate both 

the promise of pursuing psychotherapy treatment biomarkers as well as the complexity of 

the task ahead.

Obsessive compulsive disorder—As in studies of depression, multiple brain regions 

have shown changes after psychotherapy treatments for OCD and some studies indicated 

change in the direction of normalization of neural function of some brain regions (Freyer et 

al., 2011; Huyser, Veltman, Wolters, Haan, & Boer, 2010; Nabeyama et al., 2008). Regions 

that frequently showed changes included the right caudate, orbitofrontal, anterior cingulate, 

and thalamus regions. These regions all had been implicated previously in important brain 

networks involved in OCD (Harrison et al., 2009; Stern et al., 2012). Until recently, several 

studies had shown consistent results of decreased resting blood flow or glucose metabolism 

in the right caudate after psychotherapy (Baxter et al., 1992; Linden, 2006; Nakatani et al., 

2003; Schwartz et al., 1996). However, Apostolova et al. (2010) have since described 

increased glucose metabolism in the right caudate after CBT. The reason for the different 

results is unknown, although the investigators speculated that different results may have 

arisen from different participant characteristics in the various studies, such as presence of 

comorbid major depression or early onset OCD in participant groups.

An interesting feature of psychotherapy studies of OCD is that there are now five studies 

that used magnetic resonance spectroscopy to examine concentrations of neurochemicals as 

predictors of treatment outcome or measures of change after CBT treatments. Levels of N-

acetyl compounds, glutamate and glutamine, and myo-inositol in the left thalamus, N-acetyl 

compounds in the right pregenual anterior cingulate, or myo-inositol in the right 

orbitofrontal cortex predicted response to cognitive-behavioral therapy (O’Neill et al., 2012, 

2013; Zurowski et al., 2012). Behavioral treatments of OCD in adults or children showed 

changes in levels of several neurochemicals and brain regions after treatment, including 

decreased glutamine and glutamate in the right caudate and increased N-acetyl compounds 

in the left caudate (Whiteside et al., 2012a, 2012b).

Schizophrenia—Neuroimaging studies have targeted psychotherapy treatment effects for 

several different domains of symptoms in schizophrenia. For example, CBT treatment of 

psychosis was assessed using a threatening facial expression task and showed decreased 

WEINGARTEN and STRAUMAN Page 15

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



activation of a network of brain regions (e.g. inferior frontal, insula, thalamus, putamen, 

occipital) involved in processing negative facial expressions after treatment (Kumari et al., 

2011). Similarly, cognitive treatment for information processing impairments was associated 

with increased frontal activations during a working memory task (Haut, Kim, & McDonald, 

2010). Cognitive therapies have also been employed to improve social cognitive functioning 

and at least one neuroimaging study has shown that increased cortical surface area and grey 

matter volume (cortical reserve) predicted faster social-cognitive improvement (Keshavan et 

al., 2011). Finally, an interesting study of both functional and structural connectivity 

networks has been conducted to examine effects of cognitive remediation therapy (CRT) in 

schizophrenia (Penades et al., 2013). Functional connectivity studies showed that compared 

with controls, participants with schizophrenia showed increased activation in regions of a 

central executive network (middle and inferior frontal gyri, anterior cingulate, superior and 

inferior parietal lobule, precuneus) during an N-back task (a type of working memory task); 

these overactivations decreased significantly after CRT. Participants with schizophrenia also 

showed increased activation in the default mode network (anterior cingulate, cingulate 

gyrus, precuneus/cuneus, middle temporal gyrus, supramarginal gyrus) during rest that 

likewise decreased after CRT. Overall, results suggested that the function of important 

networks was normalizing. The investigators also noted that this study was the first to show 

an effect of CRT treatment for schizophrenia on the default mode network, which is known 

for its involvement in self-referential processing, autobiographical memory, etc. DTI studies 

showed increased fractional anisotropy in the corpus callosum after CRT, which suggested 

that increased interhemispheric structural connectivity might be a factor for changes in brain 

function after CRT. Overall, neuroimaging effects of psychotherapy treatments of 

schizophrenia have shown that these treatments lead to observable changes at the neural 

level for many different types of distressing symptoms. We find it particularly encouraging 

that the studies to date suggest the possibility that psychotherapy can lead to lasting 

structural neuroplastic changes in regions critical to effective information processing.

Other Studies Relevant to Psychotherapy

Psychotherapy is a complex package with many different nonspecific and specific 

interventions and responses within a single session, between sessions, and across sessions 

during time periods varying from days or weeks to years. Single time-point assessments pre- 

and post-treatment are essential beginnings for a cognitive neuroscience of psychotherapy 

but can only hint at what occurs during the process of psychotherapy and consolidation or 

during relapse after treatment ends. Cognitive neuroscience studies on learning, emotion 

processing and regulation, social cognitive and self-referential processing, neuroscience of 

psychopathology, and pharmacological and brain stimulation treatments can provide many 

useful insights for psychotherapy. However, there is also a need for investigation of more 

specific components of psychotherapy, including studies that use a so-called 

“microintervention” strategy in which single elements of a more complex psychotherapy are 

studied experimentally (Zaunmüller, Lutz, & Strauman, in press). Studies that are not 

psychotherapy outcome studies per se can still lead to insights, questions, and 

methodological approaches, such as novel tasks or imaging methods, that could improve 

neuroimaging studies of psychotherapy outcome, as well as advancing a more 

comprehensive understanding of the neurocognitive mechanisms involved in psychotherapy 
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mechanisms of change. A few examples of these kinds of studies are offered here to 

illustrate their potential contributions.

There is a large literature on neural mechanisms of emotion reappraisal; a meta-analysis of 

this work has recently appeared (Buhle et al., 2013) that highlights cognitive control regions 

(e.g. dorsomedial, dorsolateral, and ventrolateral prefrontal cortices; posterior parietal lobe) 

and the amygdala and its role in emotional responses. Eddington, Dolcos, Cabeza, Krishnan, 

& Strauman (2007) and Eddington et al. (2009) investigated neurocognitive systems 

involved in personal promotion and prevention goals, which are critical to self-regulation 

and function and are important constructs in some theories of depression and in self-system 

therapy for depression (Strauman, 2002). These studies highlighted the role of the 

orbitofrontal cortex in association with different types of personal goals. Buchheim et al. 

(2008) have investigated the attachment system, important in some psychological disorders 

and psychotherapy treatments, in borderline personality disorder. Kessler et al. (2011) and 

Loughead et al. (2010) probed neural systems involved in processing of interpersonal 

relationship patterns and autobiographical interpersonal memories, central to understanding 

self and interpersonal schema, therapeutic alliance, and conduct of many types of 

psychotherapy, especially psychodynamic therapies. An interesting functional connectivity 

study of an affective listening task, highly relevant to listening behaviors during 

psychotherapy sessions, showed that activation of right amygdala, insula, and auditory 

cortex preceded activations in homologous regions in the left hemisphere, while left auditory 

cortex activation preceded right amygdala decreases (Tschacher, Schildt, & Sander, 2010). 

Finally, neural effects of repeated exposure to fearful stimuli, a component of many 

therapies of phobias, has been investigated in nonclinical participants who scored high or 

low in fear of animals (Wendt, Schmidt, Lotze, & Hamm, 2012). Results showed that 

increased activation to fearful stimuli in the amygdala decreased with repeated exposure and 

showed fast habituation.

One particularly promising subset of psychotherapy-relevant neuroimaging studies is the 

investigation of mindfulness and meditation. These studies are especially interesting from a 

neuroimaging perspective because many have employed more advanced neuroimaging 

approaches, such as functional connectivity MRI, diffusion tensor imaging of white matter 

tracts, and arterial spin labeling (Table 2). An emphasis on mindfulness – “attentive non-

judgmental focus on present experiences” (Lutz et al., 2013, p. 1) – has been common in 

many Asian contemplative traditions (meditation, yoga). However, it is now also being 

included in clinical psychotherapeutic programs, such as MBSR, dialectical behavior 

therapy (DBT), etc. (Hayes et al., 2011; Hofmann, et al., 2010; Tables 1, 2). Mindfulness 

and meditation have been the focus of many neuroimaging studies and a few representaive 

examples are given in Table 2. One is a study of effects of a mindfulness training (MT) in 

healthy persons that showed that a single session of training could influence neural 

activations during an emotional expectation task (Lutz et al., 2013). Another study of 6 

weeks of MT in healthy participants showed that training led to increased dorsolateral 

prefrontal cortex activation during a Stroop task (Allen et al., 2012). Further, in that study a 

dose-response effect was observed, with more mindfulness practice predicting increased 

responses in dorsolateral prefrontal cortex, anterior insula, and medial prefrontal cortex 

during affective processing. Both Lutz et al. (2013) and Allen et al. (2012) described 
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implications of their studies for MT in clinical treatments. Other studies have involved 

participants with stress or anxiety disorders (e.g. Farb et al., 2010; Goldin & Gross, 2010) or 

discussed the important topic of interventional strategies for prevention of psychological 

disorders (Tang et al., 2012). Many of these studies employed methods probing functional or 

structural connectivity (e.g. Jang et al., 2011; Josipovic et al., 2012; Tang et al., 2012). We 

believe this type of research will continue to provide insights into the effects of 

psychological interventions on the brain that will be increasingly important for 

psychotherapy research.

Connectivity networks

A concluding observation about neuroimaging effects of psychotherapy from the above 

studies is that many brain regions that change after psychotherapy treatments are 

components of important brain networks. This suggests that a key neurobiological outcome 
of psychotherapy treatments is modulation and re-regulation of core connectivity 
networks within the brain. For example, as described above, several influential models have 

proposed that depression involves dysfunctional connectivity networks and that treatments 

of depression modulate these networks (Mayberg, 2003; Sheline et al., 2010). The findings 

summarized above are certainly consistent with this postulate.

There have been a few psychotherapy studies that specifically examined functional or 

structural connectivity networks. A study of CBT treatment of schizophrenia showed that 

task-based functional connectivity between the dorsolateral prefrontal cortex and cerebellum 

could predict response to CBT (Kumari et al., 2009). A study of CBT treatment of panic 

disorder observed that task-based functional connectivity, between the inferior frontal gyrus 

and amygdala, insula, and anterior cingulate regions, was increased in patients versus 

healthy controls although it did not change after treatment (Kircher et al., 2013). With 

respect to structural connectivity assessed by DTI studies of white matter tracts, Pardini et 

al. (2012) identified changes in white matter structure in the uncinate fasiculus, a white 

matter tract that connects temporal and frontal lobes, in persons with autism who had 

received a long-term cognitive, behavioral, and social treatment of autism. Tang et al. (2012) 

showed that a mindfulness IBMT training in normal persons led to improved mood and 

observable alterations of white matter around the anterior cingulate in only two weeks, with 

further white matter alterations observed after 4 weeks of training. Finally, one study has 

shown changes in both functional and structural connectivity networks after cognitive 

remediation therapy for schizophrenia (Penades et al., 2013). Taken as a whole, these 

findings begin to provide support for the proposal that psychotherapy effects include 

modulation of connectivity networks in the brain.

Note that if this proposal is correct, it may explain some clinical observations about 

psychotherapy treatments. One observation has been that many different kinds of 

psychotherapies can have quite similar outcomes, the so-called Dodo bird verdict (Luborsky 

et al., 2002). We speculate that although particular psychotherapy treatments may focus on 

interventions that target specific, relatively narrow psychological/cognitive functions and 

their associated patterns of regional brain activations, broader effects through the networks 

of the brain can be expected because the targeted psychological interventions are 
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instantiated at the level of the brain in a “net” of connectivity networks of brain regions. 

This postulate represents a neural-level analogue to the frequent observation that specific 

skills and insights from psychotherapy (and for learning in general) are often observed to 

generalize over time. If, as Buckholtz and Meyer-Lindenberg proposed, abnormalities of 

“core connectivity circuits” leads to “transdiagnostic symptoms” in psychological disorders 

(2012, p. 990), then it is reasonable to postulate that therapeutic modulation of core 

connectivity networks/circuits can lead to “transpsychotherapeutic” symptom improvement. 

Whether there are more or less efficient methods for bringing about adaptive changes in 

brain connectivity for particular disorders or particular types of individuals will be an 

especially important focus for research over the next decade.

Another interesting observation was from Boswell, Castonguay, & Wasserman’s (2010) 

study of the use of different types of interventions on psychotherapy session outcome. The 

use of common factors interventions, which highlight therapist/patient relationship 

components of therapy, and cognitive behavioral interventions were measured. The 

investigators observed that: “Patients who received more common factor interventions on 

average rated sessions as less helpful when more CBT interventions were employed” and 

“using some techniques (i.e. CBT) in the context of a treatment that is highly focused on 

relationship factors may interfere with therapeutic impact” (Boswell et al., 2010, p. 717, 

722). At a psychological level, these authors argued that psychotherapy requires a minimum 

degree of internal consistency in order to be effective.

Another way to understand this finding is to note that connectivity studies of the brain have 

identified a negative correlation between the default mode network, subserving interpersonal 

and self-referential processing, and the cognitive control network (Fox et al., 2005, 2012; 

Vasic et al., 2009). Thus one hypothesis for Boswell et al.’s finding is that extensive use of 

both relationship factors and CBT in a session may “interfere” with outcome, at least in the 

short-term, because the two kinds of interventions have relatively greater dependence on 

networks of the brain that are anticorrelated. For example, if a CBT intervention activates 

the patient’s cognitive control network this could deactivate the default mode network, but a 

relationship intervention could require increased activation of regions within the default 

mode network. One need not take a reductionistic stance to consider this possibility. To 

some extent this hypothesis could be investigated in existing datasets by examining 

correlations between the use (or perceived use) of relationship-focused vs. task-focused 

interventions and changes in activation within the relevant brain networks. However, a study 

designed a priori to test this model would be ideal.

Overall, although much work is yet required, current evidence supports the value of 

developing a connectivity network perspective of psychotherapy to contribute to both 

neurobiological and clinical levels of understanding of psychotherapy. Such a broader 

perspective on how psychotherapy works at the level of the brain would both complement 

and extend the more traditional emphasis on task-specific, region-specific changes 

associated with psychological interventions. We believe that psychotherapy research will 

benefit enormously from this evolution in analytic perspective currently occurring within 

cognitive neuroscience as a whole.

WEINGARTEN and STRAUMAN Page 19

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Future Studies

Neuroimaging of psychotherapy outcome has clearly shown that psychotherapy leads to 

observable changes in the brain. Of course, this is hardly surprising to serious students of 

psychotherapy outcome and process, but the ability to observe and document not only that 

such changes occur but their specific characteristics and circumstances can only help to 

improve our understanding of psychotherapeutic processes. However, as Etkin et al. (2005) 

stated: “the biological study of psychotherapy has barely begun.” Neuroimaging studies of 

psychotherapy outcome investigating effects shortly after the end of treatment have shown 

increasingly complex results and effects on brain function and structure. Thus a great deal of 

work remains for the establishment of replicable neuroimaging findings. In addition, greater 

attention to psychotherapies other than cognitive behavioral types of therapies, as well as 

more attention to a wider spectrum of disorders, is needed. We now highlight a few 

additional ways in which future neuroimaging studies could be further expanded to advance 

psychotherapy research.

Psychotherapy process

We know almost nothing about the course of changes that occur in the brain during 

psychotherapy as well as during consolidation or relapse after treatment has ended. This is a 

pressing clinical need because many disorders, such as depression, have high rates of relapse 

(DeRubeis, et al., 2008). Two relevant studies, comparing emotion processing in 

experienced versus novice meditators (Taylor et al., 2011) and longitudinal observations of 

effects of mindfulness IBMT training in normal persons (Tang et al., 2010), showed that 

there can be significant changes in the brain during different stages of treatment at least for 

these interventions. Another study observed that the number of minutes of mindfulness 

training engaged in by healthy persons was a predictor of brain responses during affective 

processing (Allen et al., 2012). Brain imaging studies to observe what happens after 

treatments end can contribute especially to an understanding of the neurobiology of relapse. 

Mohr et al.’s (2012) study of a cognitive behavioral type of treatment for stress management 

in multiple sclerosis showed that therapy decreased the number of MRI-observable brain 

lesions during treatment but the effect had disappeared by 24 weeks after ending therapy.

Hauner et al.’s (2012) study of exposure therapy for treatment of spider phobia also showed 

differences when comparing results immediately at the end of treatment versus 6 months 

follow-up. For example, in response to phobogenic stimuli, there was evidence of increased 

activation in the dorsolateral prefrontal cortex immediately after treatment that suggested 

“up-regulation” of brain regions subserving emotion regulation and reappraisal. However, 

after 6 months follow-up this increased activity was no longer observed. On the other hand, 

investigators observed decreased activity in the amygdala in response to phobogenic stimuli 

both immediately at the end of treatment as well as at 6 months follow-up. Finally, at 6-

months follow-up there were some changes observed for the first time in the visual cortex. 

Note that these complex results were obtained for effects of an exposure therapy that 

comprised only a single two hour session. Clearly there is a great deal to be learned in future 

studies about the time courses of effects on the brain from psychotherapy.
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We also know very little about the neurocognitive processes and mechanisms that are 

activated in response to the multiple events that take place during a psychotherapy session. 

Here we comment on one aspect of most psychotherapies, namely, that these take place 

within the structure of interpersonal interactions between patient and therapist. For some 

psychotherapies this relationship is central to the therapeutic process, for example, by way 

of interpersonal schema or the transference. And it is likely a universal characteristic of 

psychotherapy to create and build upon a sense of remoralization and hope as the working 

relationship begins (Howard, Lueger, Maling, & Martinovic, 1993).

Neuroimaging studies of interpersonal or social cognition comprise one of the most 

important current fields of inquiry in the neurosciences, and there is a wealth of information 

from social cognitive neuroimaging that may be useful for psychotherapy researchers 

(Carhart-Harris et al., 2008; Fonagy & Target, 2007; Gallese et al., 2007; Hruby et al., 2011; 

Northoff et al., 2007; Siever & Weinstein, 2009; Weston & Gabbard, 2002a, 2002b). 

Nonetheless, more empirical studies of patient-therapist interactions would be useful. There 

are a number of models or paradigms that could be applied to the question of how in-session 

interactions facilitate change. For instance, from a cognitive perspective the therapist (and 

the interaction itself) can be viewed as a ‘priming’ mechanism that triggers habitual 

information processing such that the therapist and patient can observe its immediate 

consequences and analyze them (Merrill & Strauman, 2004). Another perspective, which 

intersects with developmental models of the ontogeny of the self and interpersonal 

cognition, is focused on the role of mentalizing, mirroring, and the attachment system in 

psychotherapy mediated by way of the relationship between therapist and patient (Fonagy & 

Bateman, 2006; Gallese et al., 2007; Korner, Gerull, Meares, & Stevenson, 2006).

Hyperscanning—With respect to in-session interactions, there is a recent advance in 

neuroimaging that has not yet been applied to psychotherapy research but may be of special 

value, namely, hyperscanning. Hyperscanning is the simultaneous neuroimaging of more 

than one person that affords new opportunities for the study of social interactions (Montague 

et al., 2002). Chou, Weingarten, Madden, Song, & Chen (2012) highlighted several aspects 

of hyperscanning that are useful to consider for psychotherapy research. First, as noted by 

Montague et al. (2002), Dumas (2011), and others, almost all previous brain imaging studies 

relevant to interpersonal interactions have been based on experiments in which one person is 

studied alone. This isolation arises from technical requirements of most brain imaging 

methods, such as restricted head movements during PET and MRI imaging, the small 

dimensions of MRI scanner bores, etc. Many kinds of social cognitive processing can be 

studied in an isolated individual, such as memories or schema about interpersonal 

relationships, emotional responses of the private individual, thinking about what is in an 

other’s mind, observation of photographs or reading, and imagining or planning how 

interpersonal relationships might be different. However, even these activities derive from a 

history of interpersonal interactions in dyads and groups. Ultimately, to gain a solid 

neurocognitive understanding of interpersonal interactions it will be necessary to conduct 

brain imaging research on both (or more) persons simultaneously in the midst of real-time 

interactions (Dumas, 2011; Schilback et al., 2006).
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Second, the capability to conduct neuroimaging of two or more persons simultaneously is 

now being advanced, especially with advances in internet and computing technologies that 

allow for simultaneous control of and data processing from multiple scanners. The ability to 

conduct brain imaging on two or more persons simultaneously currently includes fMRI 

(Montague et al., 2002; Krill & Platek, 2012) as well as EEG and near infrared spectroscopy 

(NIRS) methods (Cui, Bryant, & Reiss, 2012; Dumas, Nadel, Soussignan, Martinerie, & 

Garnero, 2010) (Chou et al., 2012). The ability to perform fMRI hyperscanning of two 

persons has revealed that regions of the reward system, specifically the left caudate and 

putamen, were activated during cooperation between two persons (Krill & Platek, 2012). 

This observation would not have been possible without the ability to conduct neuroimaging 

during an actual verbal interaction. Hyperscanning has also revealed the existence of a 

phenomenon labeled interbrain synchronization. Synchrony in interpersonal interactions had 

been observed by use of behavioral and physiological measures (Feldman, 2007; Feldman, 

Magori-Choehn, Galili, Singer, & Louzoun, 2011). For example, studies of synchrony 

between a child and mother and father have observed synchronization of behaviors and 

physiological measures. Now, however, synchrony can also be observed for measures of 

brain activity. Hyperscanning has revealed interbrain synchrony, such as synchronization of 

alpha-mu band EEG signals from parietal regions during a task of observing another’s hand 

movements (Dumas et al., 2010) and increased coherence of NIRS signals from the frontal 

regions of participants cooperating in a game (Cui et al., 2012). Interbrain synchrony is an 

aspect of interpersonal psychological functioning that can only emerge within the real-time 

experience of two persons interacting.

Finally, EEG and NIRS hyperscanning have technical characteristics that allow for the 

possibility of conducting studies with both participants physically present to each other 

(Chou et al., 2012). Social cognitive studies are often conducted using two-dimensional 

representations of others in photographs, videos, mirrors, etc. rather than direct observation 

of the other person. It is an open question whether there will be differences in how the brain 

responds to representations of others versus the real person. For example, brain responses to 

two-dimensional representations can differ from responses to actual three-dimensional 

objects and this may be true for persons as well (Snow et al., 2011). MRI, PET, and SPECT 

methods have technical features that limit whether participants can directly observe other 

people during scanning. However, EEG and NIRS have better technical possibilities for 

direct observation of others during scanning (usual or hyperscanning).

One example of how hyperscanning could be applied to the study of psychotherapy process 

could be for investigations of Resonating Minds Theory (RMT) and the Therapeutic Cycles 

Model (TCM), which describe models for within-session (or across sessions) process and 

therapeutic changes that are focused on patient-therapist interactions (McCarthy, 

Mergenthaler, Schneider, & Grenyer, 2011; Mergenthaler, 2008). Investigation of these 

models has included simultaneous measures of patient and therapist behaviors (e.g. 

emotional tone) over the time course of a therapy session. These studies could logically be 

extended to neuroimaging measures. We also note that RMT and TCM are already informed 

by neurobiological considerations (Mergenthaler, 2008). Although solutions to the technical 

complexity and limitations of hyperscanning methods are still being developed it is hopeful 
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that hyperscanning will become a valuable part of the neuroimaging repertoire. When it 

does, it may open many possibilities for research into the interpersonal components of 

psychotherapy.

To summarize, a neuroscience of psychotherapy process is in early stages of development. 

Here we have highlighted consideration of neuroimaging studies of longitudinal changes as 

well as probing more deeply into the nature of interpersonal interactions. Advances in 

neuroimaging technology are increasing possibilities for new approaches to these and other 

psychotherapy process questions.

Biomarkers and predictors of treatment response

One important trend in recent psychotherapy neuroimaging studies is identification of 

neuroimaging biomarkers or predictors of treatment response. Identification of predictors of 

treatment response could ultimately be clinically useful for selection of personalized, 

individualized treatments. At this time, predictor studies in psychotherapy research are still 

in early stages of development. Most predictor studies have been based on group results, 

whereas it is predictions about individuals that will be most clinically useful and about 

which more studies are required. Further, most predictor studies have not yet been replicated 

(McGrath et al., 2013). An example of limited replication is Siegle et al.’s (2006) study of 

predictors of response to CBT treatments of depression that identified biomarkers in the 

subgenual cingulate and amygdala: Siegle et al. (2012) replicated the finding in the 

subgenual cingulate but not the amygdala (McGrath et al., 2013). Nonetheless, the current 

studies are a basis for hope that psychotherapy treatment specific biomarkers will be 

identified.

If and when neuroimaging biomarkers are identified, although MRI and other kinds of 

neuroimaging scans are costly it is possible that they may be used to help individuals select 

treatments of psychological disorders (McGrath et al., 2013; Siegle et al., 2012). In 

anticipation of this development, a study of patient and provider attitudes towards the use of 

neuroimaging scans to select an individualized treatment for depression has been conducted 

(Illes, Lomberg, Rosenberg, & Arnow, 2009). Perhaps surprisingly, patients indicated that 

neuroimaging would make them more likely to consider psychotherapy treatment and more 

likely to address interpersonal contributions to depression. On the other hand, providers 

thought that brain imaging would lead to more interest in pharmacotherapy. The authors 

suggested that the support for psychotherapy evidenced by patients might be explained by 

increased acceptance and decreased stigma around a diagnosis of depression. In any case, 

the study indicates that there could be a high degree of interest from patients with depression 

to receive an MRI scan to help select treatment and this could lead to increased patient 

interest in obtaining psychotherapy treatments.

If and when neuroimaging for persons with depression or other psychological disorders 

translates from research to the clinical sphere for selection of individualized treatments, 

there will be need for neuroimaging studies of treatments that could be selected. So far a 

good body of work has been developing for cognitive behavioral therapies (and 

pharmacotherapies and brain stimulation methods). More neuroimaging studies of 
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psychodynamic therapy, as well as interpersonal, self, etc. psychotherapies, will be needed 

to provide equally strong neuroimaging evidence for selection.

Connectome

Finally, studies of the connectome are redefining our understanding of the neural 

foundations of normal psychology and psychological disorders. There is growing 

information on how mental and behavioral tasks influence numerous connectivity networks 

of the brain, and how psychological disorders show disturbances in these networks. Studies 

of pharmacotherapies, brain stimulation treatments, and a few psychotherapies have begun 

to show that treatment effects at the neurobiological level can be mediated by changes in 

connectivity networks. A study of resting-state functional connectivity as a measure of 

effects of cognitive behavioral therapy is beginning (Dunlop et al., 2012). Changes in 

connectivity networks, functional and/or structural, may be key neurobiological outcomes of 

psychotherapy treatments and it is now timely to directly investigate how psychotherapy 

affects the connectivity networks of the brain.

Conclusion

The study of psychotherapy outcome and process via neuroimaging is now well established. 

There is clear evidence that psychotherapy is associated with reliable changes in brain 

function and structure. Although the overall set of findings is growing and complex, from a 

functional network perspective there is beginning to be a set of patterns that characterize 

successful psychotherapy outcome both within and across disorders. Cooperation between 

psychotherapy researchers and neuroscientists will enhance the progress of this growing 

field. By understanding how psychotherapy impacts the brain, we can provide better 

outcomes to our patients and ultimately use the resulting knowledge to develop new ways to 

maximize the effectiveness of psychological interventions. Our hope is that the present 

review represents a contribution to that effort. We also are optimistic that, with the rate of 

growth in psychotherapy neuroimaging research, this review will soon need to be updated.

References

Allen M, Dietz M, Blair K, van Beek M, Rees G, Vestergaard-Poulsen P, Roepstorff A. Cognitive-
affective neural plasticity following active-controlled mindfulness intervention. Journal of 
Neuroscience. 2012; 32:15601–15610. [PubMed: 23115195] 

Amsterdam JD, Newberg AB, Newman CF, Shults J, Wintering N. Change over time in brain 
serotonin transporter binding in major depression: effects of therapy measured with [123I]-ADAM 
SPECT. Journal of Neuroimaging. 2013; 2013:1–8.10.1111/jon.12035

Anand A, Li Y, Wang Y, Wu J, Gao S, Bukhari L, Lowe MJ. Activity and connectivity of brain mood 
regulating circuit in depression: a functional magnetic resonance study. Biological Psychiatry. 2005; 
57:1079–1088. [PubMed: 15866546] 

Andreescu C, Butters MA, Begley A, Rajji T, Wu M, Meltzer CC, Aizenstein H. Gray matter changes 
in late life depression – A structural MRI analysis. Neuropsychopharmacology. 2008; 33:2566–
2572. [PubMed: 18075490] 

Apostolova I, Block S, Buchert R, Osen B, Conradi M, Tabrizian S, Obrocki J. Effects of behavioral 
therapy or pharmacotherapy on brain glucose metabolism in subjects with obsessive-compulsive 
disorder as assessed by brain FDG PET. Psychiatry Research: Neuroimaging. 2010; 184:105–116.

Ashburner J, Friston KJ. Voxel-based morphometry - The methods. NeuroImage. 2000; 11:805–821. 
[PubMed: 10860804] 

WEINGARTEN and STRAUMAN Page 24

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Baxter LR, Schwartz JM, Bergman JS, Szuba MP, Guze BH, Mazziotta JC, Phelps ME. Caudate 
glucose metabolic rate changes with both drug and behavior therapy for obsessive-compulsive 
disorder. Archives of General Psychiatry. 1992; 49:681–689. [PubMed: 1514872] 

Beauregard M. Mind does really matter: Evidence from neuroimaging studies of emotional self-
regulation, psychotherapy, and placebo effect. Progress in Neurobiology. 2007; 81:218–236. 
[PubMed: 17349730] 

Beutel ME, Stark R, Pan H, Silbersweig D, Dietrich S. Changes of brain activation pre-post short-term 
psychodynamic inpatients psychotherapy: an fMRI study of panic disorder patients. Psychiatry 
Research: Neuroimaging. 2010; 184:96–104.

Biswal BB, Mennes M, Zuo XN, Gohel S, Kelly C, Smith SM, Beckmann CF, Milham MP. Toward 
discovery science of human brain function. Proceedings of the National Academy of Sciences. 
2010; 107:4734–4739.

Bor J, Brunelin J, d’Amato T, Costes N, Suaud-Chagny MF, Saoud M, Poulet E. How can cognitive 
remediation therapy modulate brain activations in schizophrenia? An fMRI study. Psychiatry 
Research: Neuroimaging. 2011; 192:160–166.

Boswell JF, Castonguay LG, Wasserman RH. Effects of psychotherapy training and intervention use 
on session outcome. Journal of Consulting and Clinical Psychology. 2010; 78:717–723. [PubMed: 
20873906] 

Brennan BP, Rauch SL, Jensen JE, Pope HG. A critical review of magnetic resonance spectroscopy 
studies of obsessive-compulsive disorder. Biological Psychiatry. 2013; 73:24–31. [PubMed: 
22831979] 

Brewer JA, Worhunsky PD, Gray JR, Tang YY, Weber J, Kober H. Meditation experience is 
associated with differences in default mode network activity and connectivity. Proceedings of the 
National Academy of Sciences. 2011; 108:20254–20259.

Brody AL, Saxena S, Mandelkern MA, Fairbanks LA, Ho ML, Baxter LR. Brain metabolic changes 
associated with symptom factor improvement in major depressive disorder. Biological Psychiatry. 
2001a; 50:171–178. [PubMed: 11513815] 

Brody AL, Saxena S, Schwartz JM, Stoessel PW, Maidment K, Phelps ME, Baxter LR. FDG-PET 
predictors of response to behavioral therapy and pharmacotherapy in obsessive compulsive 
disorder. Psychiatry Research: Neuroimaging. 1998; 84:1–6.

Brody AL, Saxena S, Stoessel P, Gillies LA, Fairbanks LA, Alborzian S, Baxter LR. Regional brain 
metabolic changes in patients with major depression treated with either paroxetine or interpersonal 
therapy: Preliminary findings. Archives of General Psychiatry. 2001b; 58:631–640. [PubMed: 
11448368] 

Bryant RA, Felmingham K, Kemp A, Das P, Hughes G, Peduto A, Williams L. Amygdala and ventral 
anterior cingulate activation predicts treatment response to cognitive behavior therapy for post-
traumatic stress disorder. Psychological Medicine. 2008a; 38:555–561. [PubMed: 18005496] 

Bryant RA, Felmingham K, Whitford TJ, Kemp A, Hughes G, Peduto A, Williams LM. Rostral 
anterior cingulate volume predicts treatment response to cognitive-behavioural therapy. Journal of 
Psychiatry and Neuroscience. 2008b; 33:142–146. [PubMed: 18330460] 

Buchheim A, Erk S, George C, Kächele H, Kircher T, Martius P, Walter H. Neural correlates of 
attachment trauma in borderline personality disorder: a functional magnetic resonance imaging 
study. Psychiatry Research: Neuroimaging. 2008; 163:223–235.

Buchheim A, Viviani R, Kessler H, Kachele H, Cierpka M, Roth G, Taubner S. Changes in pre-
frontal-limbic function in major depression after 15 months of long-term psychotherapy. PloS 
ONE. 2012; 7(3):e33745.10.1371/journal.pone.0033745 [PubMed: 22470470] 

Buckholtz JW, Meyer-Lindenberg A. Psychopathology and the human connectome: Toward a 
transdiagnostic model of risk for mental illness. Neuron. 2012; 74:990–1004. [PubMed: 
22726830] 

Buckner RL, Carroll DC. Self-projection and the brain. Trends in Cognitive Sciences. 2007; 11:49–57. 
[PubMed: 17188554] 

Buhle JT, Silvers JA, Wager TD, Lopez R, Onyemekwu C, Kober H, Ochsner KN. Cognitive 
reappraisal of emotion: A meta-analysis of human neuroimaging studies. Cerebral Cortex. 
201310.1093/cercor/bht154

WEINGARTEN and STRAUMAN Page 25

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Calhoun VD, Eichele T, Pearlson G. Functional brain networks in schizophrenia: A review. Frontiers 
in Human Neuroscience. 2009; 310.3389/neuro.09.017.2009

Carhart-Harris RL, Mayberg HS, Malizia AL, Nutt D. Mourning and melancholia revisited: 
correspondences between principles of Freudian metapsychology and empirical findings in 
neuropsychiatry. Annals of General Psychiatry. 2008; 7:9.10.1186/1744-859X-7-9 [PubMed: 
18652673] 

Carrig MM, Kolden G, Strauman TJ. Using functional magnetic resonance imaging in psychotherapy 
research: A brief introduction to concepts, methods, and task selection. Psychotherapy Research. 
2009; 19:409–417. [PubMed: 19544187] 

Caverzasi E, Pichiecchio A, Poloni GU, Calligaro A, Pasin M, Palesi F, Bastianelli S. Magnetic 
resonance spectroscopy in evaluation of treatment efficacy in unipolar major depressive disorder: 
A review of the literature. Functional Neurology. 2012; 27:13–22. [PubMed: 22687162] 

Cervenka S, Hedman E, Ikoma Y, Djurfeldt DR, Ruck C, Halldin C, Lindefors N. Changes in 
dopamine D2-receptor binding are associated to symptom reduction after psychotherapy in social 
anxiety disorder. Translational Psychiatry. 2012; 2:e120.10.1038/tp.2012.40 [PubMed: 22832965] 

Chou, Y-H.; Weingarten, CP.; Madden, DJ.; Song, AW.; Chen, N-K. Applications of virtual reality 
technology in brain imaging studies. In: Eichenberg, C., editor. Virtual Reality in Psychological, 
Medical, and Pedagogical Applications. Rijeka, Croatia: InTech; 2012. p. 203-228.

Cole MW, Schneider W. The cognitive control network: Integrated cortical regions with dissociable 
functions. Neuroimage. 2007; 37:343–360. [PubMed: 17553704] 

Costafreda SG, Chu C, Ashburner J, Fu CHY. Prognostic and diagnostic potential of the structural 
neuroanatomy of depression. PloS ONE. 2009; 4(7):e6353.10.1371/journal.pone.006353 
[PubMed: 19633718] 

Cui X, Bryant DM, Reiss AL. NIRS-based hyperscanning reveals increased interpersonal coherence in 
superior frontal cortex during cooperation. Neuroimage. 2012; 59:2430–2437. [PubMed: 
21933717] 

Davey CG, Yucel M, Allen NB, Harrison BJ. Task-related deactivation and functional connectivity of 
the subgenual cingulate cortex in major depressive disorder. Frontiers in Psychiatry. 2012; 
310.3389/fpsyt.2012.00014

De Greck M, Scheidt L, Bölter AF, Frommer J, Ulrich C, Stockum L, Northoff G. Multimodal 
psychodynamic psychotherapy induces normalization of reward related activity in somatoform 
disorder. World Journal of Biological Psychiatry. 2011; 12:296–308. [PubMed: 21198419] 

De Lange FP, Koers A, Kalkman JS, Bleijenberg G, Hagoort P, van der Meer JWM, Toni I. Increase 
in prefrontal cortical volume following cognitive behavioural therapy in patients with chronic 
fatigue syndrome. Brain. 2008; 131:2172–2180. [PubMed: 18587150] 

DeRubeis RJ, Siegle GJ, Hollon SD. Cognitive therapy vs. medications for depression: treatment 
outcomes and neural mechanisms. Nature Reviews Neuroscience. 2008; 9:788–796.

Detre J, Wang J, Wang Z, Rao H. Arterial spin-labeled perfusion MRI in basic and clinical 
neuroscience. Current Opinion in Neurology. 2009; 22:348–355. [PubMed: 19491678] 

DeVito EE, Worhunsky PD, Carroll KM, Rounsaville BJ, Kober H, Potenza MN. A preliminary study 
of the neural effects of behavioral therapy for substance use disorders. Drug and Alcohol 
Dependence. 2012; 122:228–235. [PubMed: 22041256] 

Dichter GS, Felder JN, Petty C, Bizzell J, Ernst M, Smoski MJ. The effects of psychotherapy on neural 
responses to rewards in major depression. Biological Psychiatry. 2009; 66:886–897. [PubMed: 
19726030] 

Dichter GS, Felder JN, Smoski M. The effects of brief behavioral activation therapy for depression on 
cognitive control in affective contexts: An fMRI investigation. Journal of Affective Disorders. 
2010; 126:236–244. [PubMed: 20421135] 

Disner SG, Beevers CG, Haigh EAP, Beck AT. Neural mechanisms of the cognitive model of 
depression. Nature Reviews Neuroscience. 2011; 12:467–477.

Doehrmann O, Ghosh SS, Polli FE, Reynolds GO, Horn F, Keshavan A, Gabrieli JD. Predicting 
treatment response in social anxiety disorder from functional magnetic resonance imaging. JAMA 
Psychiatry. 2012; 70:87–97. [PubMed: 22945462] 

WEINGARTEN and STRAUMAN Page 26

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Doucet G, Naveau M, Petit L, Zago L, Crivello F, Jobard G, Joliot M. Patterns of hemodynamic low-
frequency oscillations in the brain are modulated by the nature of free thought during rest. 
Neuroimage. 2012; 59:3194–3200. [PubMed: 22155378] 

Dumas G. Towards a two-body neuroscience. Communicative & Integrative Biology. 2011; 4(3):349–
352. [PubMed: 21980578] 

Dumas G, Nadel J, Soussignan R, Martinerie J, Garnero L. Inter-brain synchronization during social 
interaction. PLoS ONE. 2010; 5:e12166. [PubMed: 20808907] 

Dunlop BW, Binder EB, Cubells JF, Goodman MG, Kelley ME, Kinkead B, Mayberg HS. Predictors 
of remission in depression to individual and combined treatments (PReDICT): Study protocol for a 
randomized controlled trial. Trials 2012. 2012; 13:106.10.1186/1745-6215-13-106

Eack SM, Hogarty GE, Cho RY, Prasad KMR, Greenwald DP, Hogarty SS, Keshavan MS. 
Neuroprotective effects of cognitive enhancement therapy against loss in early schizophrenia: 
Results from a 2-year randomized controlled trial. Archives of General Psychiatry. 2010; 67:674–
682. [PubMed: 20439824] 

Eddington KM, Dolcos F, Cabeza R, Krishnan KR, Strauman TJ. Neural correlates of promotion and 
prevention goal activation: An fMRI study using an idiographic approach. Journal of Cognitive 
Neuroscience. 2007; 19:1152–1162. [PubMed: 17583991] 

Eddington KM, Dolcos F, McLean AN, Krishnan KR, Cabeza R, Strauman TJ. Neural correlates of 
idiographic goal priming in depression: goal-specific dysfunctions in the orbitofrontal cortex. 
Social Cognitive and Affective Neuroscience. 2009; 4:238–246. [PubMed: 19433416] 

Ellison-Wright I, Bullmore E. Meta-analysis of diffusion tensor imaging studies in schizophrenia. 
Schizophrenia Research. 2009; 108:3–10. [PubMed: 19128945] 

Etkin A, Pittenger C, Polan J, Kandel ER. Toward a neurobiology of psychotherapy: Basic science and 
clinical applications. Journal of Neuropsychiatry & Clinical Neurosciences. 2005; 17:145–158. 
[PubMed: 15939967] 

Farb NAS, Anderson AK, Mayberg H, Bean J, McKeon D, Segal ZV. Minding one’s emotions: 
Mindfulness training alters the neural expression of sadness. Emotion. 2010; 10:25–33. [PubMed: 
20141299] 

Feldman R. Parent-infant synchrony and the construction of shared timing; physiological precursors, 
developmental outcomes, and risk conditions. Journal of Child Psychology and Psychiatry. 2007; 
48:329–354. [PubMed: 17355401] 

Feldman R, Magori-Choehn R, Galili G, Singer M, Louzoun Y. Mother and infant coordinate heart 
rhythms through episodes of interaction synchrony. Infant Behavior and Development. 2011; 
34:569–577. [PubMed: 21767879] 

Felmingham K, Kemp A, Williams L, Das P, Hughes G, Peduto A, Bryant R. Changes in anterior 
cingulate and amygdala after cognitive behavior therapy of posttraumatic stress disorder. 
Psychological Science. 2007; 18:127–129. [PubMed: 17425531] 

Fonagy P, Bateman AW. Mechanisms of change in mentalization-based treatment of BPD. Journal of 
Clinical Psychology. 2006; 62:411–430. [PubMed: 16470710] 

Fonagy P, Target M. The rooting of the mind in the body: New links between attachment theory and 
psychoanalytic thought. Journal of the American Psychoanalytic Association. 2007; 55:411–456. 
[PubMed: 17601099] 

Fontenelle L, Harrison B, Yucel M, Pujol J, Fujiwara H, Pantelis C. Is there evidence of brain white-
matter abnormalities in obsessive-compulsive disorder?: A narrative review. Topics in Magnetic 
Resonance Imaging. 2009; 20:291–298. [PubMed: 20859190] 

Forbes EE, Olino TM, Ryan ND, Birmaher B, Axelson D, Moyles DL, Dahl RE. Related brain 
function as a predictor of treatment response in adolescents with major depressive disorder. 
Cognitive and Affective Behavioral Neuroscience. 2010; 10:107–118.

Fornito A, Bullmore ET. Connectomic intermediate phenotypes for psychiatric disorders. Frontiers in 
Psychiatry. 2012; 310.3389/fpsyt.2012.000322

Förster S, Buschert VC, Teipel SJ, Friese U, Buchholz HG, Drzezga A, Buerger K. Effects of a 6-
month cognitive intervention on brain metabolism in patients with amnestic MCI and mild 
Alzheimer’s disease. Journal of Alzheimer’s Disease. 2011; 26:337–348.

WEINGARTEN and STRAUMAN Page 27

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fox MD, Snyder AZ, Vincent JL, Corbetta M, Van Essen DC, Raichle ME. The human brain is 
intrinsically organized into dynamic, anticorrelated functional networks. Proceedings of the 
National Academy of Sciences. 2005; 102:9673–9678.

Fox MD, Buckner RL, White MP, Greicius MD, Pascual-Leone A. Efficacy of transcranial magnetic 
stimulation targets for depression is related to intrinsic functional connectivity with the subgenual 
cingulate. Biological Psychiatry. 2012; 72:595–603. [PubMed: 22658708] 

Frewen PA, Dozois DJA, Lanius RA. Neuroimaging studies of psychological interventions for mood 
and anxiety disorders: Empirical and methodological review. Clinical Psychology Review. 2008; 
28:228–246. [PubMed: 17602811] 

Freyer T, Kloppel S, Tuscher O, Kordon A, Zurowski B, Kuelz AK, Voderholzer U. Frontostriatal 
activation in patients with obsessive-compulsive disorder before and after cognitive behavioral 
therapy. Psychological Medicine. 2011; 41:207–216. [PubMed: 20236568] 

Fu CHY, Williams SCR, Cleare AJ, Scott J, Mitterschiffthaler MT, Walsh ND, Murray RM. Neural 
responses to sad facial expression in major depression following cognitive behavioral therapy. 
Biological Psychiatry. 2008; 64:505–512. [PubMed: 18550030] 

Furmark T, Tillfors M, Marteinsdottir I, Fischer H, Pissiota A, Langstrom B, Fredrikson M. Common 
changes in cerebral blood flow in patients with social phobia treated with citalopram or cognitive-
behavioral therapy. Archives of General Psychiatry. 2002; 59:425–433. [PubMed: 11982446] 

Gallese V, Eagle MN, Migone P. Intentional attunement: Mirror neurons and the neural underpinnings 
of interpersonal relations. Journal of the American Psychoanalytic Association. 2007; 55:131–176. 
[PubMed: 17432495] 

Goldapple K, Segal Z, Garson C, Lau M, Bieling P, Kennedy S, Mayberg H. Modulation of cortical-
limbic pathways in major depression: Treatment-specific effects of cognitive behavior therapy. 
Archives of General Psychiatry. 2004; 61:34–41. [PubMed: 14706942] 

Goldin PR, Gross J. Effects of mindfulness-based stress reduction (MBSR) on emotion regulation in 
social anxiety disorder. Emotion. 2010; 10:83–91. [PubMed: 20141305] 

Gregory S, Fytche D, Simmons A, Kumari V, Howard M, Hodgins S, Blackwood N. The antisocial 
brain: Psychopathy matters: A structural MRI investigation of antisocial male violent offenders. 
Archives of General Psychiatry. 2012; 69:962–972. [PubMed: 22566562] 

Greicius MD, Flores BH, Menon V, Glover G, Solvason HB, Kenna H, Schatzberg AF. Resting-state 
functional connectivity in major depression: Abnormally increased contributions from subgenual 
cingulate cortex and thalamus. Biological Psychiatry. 2007; 62:429–437. [PubMed: 17210143] 

Greicius MD, Krasnow B, Reiss AL, Menon V. Functional connectivity in the resting brain: A 
network analysis of the default mode hypothesis. Proceedings of the National Academy of 
Sciences. 2003; 100:253–258.

Gusnard DA, Akbudak E, Shulman GL, Raichle ME. Medial prefrontal cortex and self referential 
mental activity: relation to a default mode brain function. Proceedings of the National Academy of 
Sciences. 2001; 98:4259–4264.

Han DH, Kim SM, Lee YS, Renshaw PF. The effect of family therapy on the changes in the severity 
of the on-line game play and brain activity in adolescents with on-line game addiction. Psychiatry 
Research: Neuroimaging. 2012; 202:126–131.

Harrison BJ, Soriano-Mas C, Pujol J, Ortiz H, Lopez-Sola M, Hernandez-Ribas R, Cardoner N. 
Altered corticostriatal functional connectivity in obsessive-compulsive disorder. Archives of 
General Psychiatry. 2009; 66:1189–1200. [PubMed: 19884607] 

Hauner KK, Mineak S, Voss JL, Paller KA. Exposure therapy triggers lasting reorganization of neural 
fear processing. Proceedings of the National Academy of Sciences. 2012; 109:9203–9208.

Haut KM, Lim KO, MacDonald A. Prefrontal cortical changes following cognitive training in patients 
with chronic schizophrenia: Effects of practice, generalization, and specificity. 
Neuropsychopharmacology. 2010; 35:1850–1859. [PubMed: 20428109] 

Hayes SC, Villatte M, Levin M, Hildebrandt M. Contextual approaches as an emerging trend in the 
behavioral and cognitive therapies. Annual Review of Clinical Psychology. 2011; 7:141–168.

Hazlett EA, Goldstein KE, Kolaitis JC. A review of structural MRI and diffusion tensor imaging in 
schizotypal personality disorder. Current Psychiatry Reports. 2012; 14:70–78. [PubMed: 
22006127] 

WEINGARTEN and STRAUMAN Page 28

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Hirvonen J, Hietala J, Kajander J, Markkula J, Rasi-Hakala H, Salminen JK, Karlsson H. Effects of 
antidepressant drug therapy and psychotherapy on striatal and thalamic dopamine D2/3 receptors 
in major depressive disorder studied with [11C]raclopride PET. Journal of Psychopharmacology. 
2011; 25:1329–1336. [PubMed: 20829308] 

Hoexter MQ, de Souza Duran FL, D’Alcante CC, Dougherty DD, Shavitt RG, Lopes AC, Busatto GF. 
Gray matter volumes in obsessive-compulsive disorder before and after fluoxetine or cognitive 
behavior therapy: A randomized clinical trial. Neuropsychopharmacology. 2012; 37:734–736. 
[PubMed: 22030709] 

Hoexter MQ, Dougherty DD, Shavitt RG, D’Alcante CC, Duran FL, Lopes AC, Miguel EC. 
Differential prefrontal gray matter correlates of treatment response to fluoxetine or cognitive-
behavioral therapy in obsessive-compulsive disorder. European Neuropsychopharmacology. 2013; 
23:569–580. [PubMed: 22841131] 

Hofmann SG, Sawyer AT, Fang A. The empirical status of the “New Wave” of CBT. Psychiatric 
Clinics of North America. 2010; 33:701–710. [PubMed: 20599141] 

Holzel B, Carmody J, Evans KC, Hoge E, Dusek JA, Morgan L, Lazar SW. Stress reduction correlates 
with structural changes in the amygdala. Social Cognitive and Affective Neuroscience. 2010; 
5:11–17. [PubMed: 19776221] 

Horwitz B, Warner B, Fitzer J, Tagamets MA, Husain FT, Long TW. Investigating the neural basis for 
functional and effective connectivity. Application to fMRI. Philosophical Transactions of the 
Royal Society B. 2005; 360:1093–1108.

Howard KI, Lueger RJ, Maling MS, Martinovich Z. A phase model of psychotherapy outcome: Causal 
mediation of change. Journal of Consulting and Clinical Psychology. 1993; 61:678–685. [PubMed: 
8370864] 

Hruby R, Hasto J, Minarik P. Attachment in integrative neuroscientific perspective. 
Neuroendocrinology Letters. 2011; 32:111–120. [PubMed: 21552202] 

Huettel, SA.; Song, AW.; McCarthy, G. Functional magnetic resonance imaging. 2. Sunderland, MA: 
Sinauer Associates; 2009. 

Hulvershorn LA, Cullen K, Anand A. Toward dysfunctional connectivity: A review of neuroimaging 
findings in pediatric major depressive disorder. Brain Imaging and Behavior. 2011; 5:307–328. 
[PubMed: 21901425] 

Huyser C, Veltman DJ, Wolters LH, de Haan E, Boer F. Functional magnetic resonance imaging 
during planning before and after cognitive-behavioral therapy in pediatric obsessive-compulsive 
disorder. Journal of the American Academy of Child & Adolescent Psychiatry. 2010; 49:1238–
1248. [PubMed: 21093773] 

Illes J, Lombera S, Rosenberg J, Arnow B. In the mind’s eye: Provider and patient attitudes on 
functional brain imaging. Journal of Psychiatric Research. 2009; 43:107–114. [PubMed: 
18423669] 

Jang HH, Jung WH, Kang DH, Byun MS, Kwon SJ, Choi CH, Kwon JS. Increased default mode 
network connectivity associated with meditation. Neuroscience Letters. 2011; 487:358–362. 
[PubMed: 21034792] 

Jensen KB, Kosek E, Wicksell R, Kemani M, Olsson G, Merle JV, Ingvar M. Cognitive behavioral 
therapy increases pain-evoked activation of the prefrontal cortex in patients with fibromyalgia. 
Pain. 2012; 153:1495–1503. [PubMed: 22617632] 

Johansen-Berg H, Rushworth MFS. Using diffusion imaging to study human connectional anatomy. 
Annual Review of Neuroscience. 2009; 32:75–94.

Josipovic Z, Dinstein I, Weber J, Heeger DJ. Influence of meditation on anti-correlated networks in the 
brain. Frontiers in Human Neuroscience. 2012; 510.3389/fnhum.2011.00183

Karlsson H. How psychotherapy changes the brain: Understanding the mechanisms. Psychiatric Times. 
2011; 28:1–5.

Karlsson H, Hirvonen J, Kajander J, Markkula J, Rasi-Hakala H, Salminen JK, Hietala J. 
Psychotherapy increases brain serotonin 5-HT1a receptors in patients with major depressive 
disorder. Psychological Medicine. 2010; 40:523–528. [PubMed: 19903365] 

WEINGARTEN and STRAUMAN Page 29

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Kempton MJ, Salvador Z, Munafo MR, Geddes JR, Simmons A, Frangou S, Williams SCR. Structural 
neuroimaging studies in major depressive disorder: Meta-analysis and comparison with bipolar 
disorder. Archives of General Psychiatry. 2011; 68:675–690. [PubMed: 21727252] 

Kennedy SH, Konarski JZ, Segal ZV, Lau MA, Bieling PJ, McIntyre RS, Mayberg HS. Differences in 
brain glucose metabolism between responders to CBT and venlafaxine in a 16-week randomized 
controlled trial. American Journal of Psychiatry. 2007; 164:778–788. [PubMed: 17475737] 

Keshavan MS, Eack SM, Wojtalik JA, Prasad KMR, Francis AN, Bhojraj TS, Hogarty SS. A broad 
cortical reserve accelerates response to cognitive enhancement therapy in early course 
schizophrenia. Schizophrenia Research. 2011; 130:123–129. [PubMed: 21645997] 

Kessler H, Taubner S, Buchheim A, Munte T, Stasch M, Kachele H, Wiswede D. Individualized and 
clinically derived stimuli activate limbic structures in depression: An fMRI study. PloS ONE. 
2011; 6(1):e15712.10.1371/journal.pone.0015712 [PubMed: 21283580] 

Kilpatrick LA, Suyenobu BY, Smith SR, Bueller JA, Goodman T, Creswell JD, Naliboff BD. Impact 
of mindfulness-based stress reduction training on intrinsic brain connectivity. Neuroimage. 2011; 
56:290–298. [PubMed: 21334442] 

Kim S-G, Ogawa S. Biophysical and physiological origins of blood oxygenation level-dependent fMRI 
signals. Journal of Cerebral Blood Flow & Metabolism. 2012:1–19.

Kircher T, Arolt V, Jansen A, Pyka M, Reinhardt I, Kellermann T, Straube B. Effect of cognitive 
behavioral therapy on neural correlates of fear conditioning in panic disorder. Biological 
Psychiatry. 2013; 73:93–101. [PubMed: 22921454] 

Klumpp H, Fitzgerald DA, Phan KL. Neural predictors and mechanisms of cognitive behavioral 
therapy on threat processing in social anxiety disorder. Progress in Neuro-Psychopharmacology 
& Biological Psychiatry. 2013; 45:83–91. [PubMed: 23665375] 

Konarski JZ, Kennedy SH, Segal ZV, Lau MA, Bieling PJ, McIntyre RS, Mayberg HS. Predictors of 
nonresponse to cognitive behavioural therapy or venlafaxine using glucose metabolism in major 
depressive disorder. Journal of Psychiatry and Neuroscience. 2009; 34:175–180. [PubMed: 
19448846] 

Korner A, Gerull F, Meares R, Stevenson J. Borderline personality disorder treated with the 
conversational model: A replication study. Comprehensive Psychiatry. 2006; 47:406–411. 
[PubMed: 16905405] 

Krill AL, Platek SM. Working together may be better: Activation of reward centers during a 
cooperative maze task. PLoS ONE. 2012; 7(2):e30613.10.1371/journal.pone.0030613 [PubMed: 
22355319] 

Kumari V, Antonova E, Fannon D, Peters ER, ffytche DH, Premkumar P, Kuipers E. Beyond 
dopamine: Functional MRI predictors of responsiveness to cognitive behaviour therapy for 
psychosis. Frontiers in Behavioral Neuroscience. 2010; 410.3389/neuro.08.004.2010

Kumari V, Fannon D, Peters ER, ffytche DH, Sumich AL, Premkumar P, Kuipers E. Neural changes 
following cognitive behaviour therapy for psychosis: A longitudinal study. Brain. 2011; 
134:2396–2407. [PubMed: 21772062] 

Kumari V, Peters ER, Fannon D, Antonova E, Premkumar P, Anilkumar AP, Kuipers E. Dorsolateral 
prefrontal cortex activity predicts responsiveness to cognitive-behavioral therapy in 
schizophrenia. Biological Psychiatry. 2009; 66:594–602. [PubMed: 19560121] 

Laatsch L, Pavel D, Jobe T, Lin Q, Quintana JC. Incorporation of SPECT imaging in a longitudinal 
cognitive rehabilitation therapy programme. Brain Injury. 1999; 8:555–570. [PubMed: 
10901685] 

Lehto SM, Tolmunen T, Joensuu M, Saarinen PI, Valkonen-Korhonen M, Vanninen R, Lehtonen J. 
Changes in midbrain serotonin transporter availability in atypically depressed subjects after one 
year of psychotherapy. Progress in Neuro-Psychopharmacology & Biological Psychiatry. 2008a; 
32:229–237. [PubMed: 17884269] 

Lehto SM, Tolmunen T, Kuikka J, Valkonen-Korhonen M, Joensuu M, Saarinen PI, Lehtonen J. 
Midbrain serotonin and striatum dopamine transporter binding in double depression: a one-year 
follow-up study. Neuroscience Letters. 2008b; 441:291–295. [PubMed: 18588943] 

WEINGARTEN and STRAUMAN Page 30

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Lenglet C, Abosch A, Yacoub E, De Martino F, Sapiro G, Harel N. Comprehensive in vivo mapping 
of the human basal ganglia and thalamic connectome in individuals using 7T MRI. PLoS ONE. 
2012; 7(1):e29153. [PubMed: 22235267] 

Lindauer RJL, Booij J, Habraken JBA, van Meijel EPM, Uylings HBM, Olff M, Gersons BPR. Effects 
of psychotherapy on regional cerebral blood flow during trauma imagery in patients with post-
traumatic stress disorder: A randomized clinical trial. Psychological Medicine. 2008; 38:543–
554. [PubMed: 17803835] 

Lindauer RJL, Vlieger EJ, Jalink M, Olff M, Carlier IVE, Majoie M, Gersons BPR. Effects of 
psychotherapy on hippocampal volume in out-patients with posttraumatic stress disorder: A MRI 
investigation. Psychological Medicine. 2005; 35:1421–1431. [PubMed: 16164766] 

Linden DEJ. How psychotherapy changes the brain: The contribution of functional neuroimaging. 
Molecular Psychiatry. 2006; 11:528–538. [PubMed: 16520823] 

Loughead JW, Luborsky L, Weingarten CP, Krause ED, German RE, Kirk D, Gur RC. Brain 
activation during autobiographical relationship episode narratives: A core conflictual relationship 
theme approach. Psychotherapy Research. 2010; 20:321–336. [PubMed: 20099204] 

Luborsky L, Rosenthal R, Diguer L, Andrusyna TP, Berman JS, Levitt JT, Krause ED. The Dodo bird 
verdict is alive and well–mostly. Clinical Psychology: Science and Practice. 2002; 9:2–12.

Luders E, Clark KC, Narr KL, Toga AW. Enhanced brain connectivity in long-term meditation 
practitioners. Neuroimage. 2011; 57:1308–1316. [PubMed: 21664467] 

Luders E, Phillips OR, Clark K, Kurth F, Toga AW, Narr KL. Bridging the hemispheres in meditation: 
Thicker callosal regions and enhanced fractional anisotropy (FA) in long-term practitioners. 
Neuroimage. 2012; 61:181–187. [PubMed: 22374478] 

Lutz J, Herwig U, Opialla S, Hittmeyer A, Jäncke L, Rufer M, Brühl AB. Mindfulness and emotion 
regulation – an fMRI study. Social Cognitive and Affective Neuroscience. 201310.10193/scan/
nst043

Lynall ME, Bassett DS, Kerwin R, McKenna PJ, Kitzbichler M, Muller U, Bullmore E. Functional 
connectivity and brain networks in schizophrenia. Journal of Neuroscience. 2010; 30:9477–9487. 
[PubMed: 20631176] 

Mackin RS, Tosun D, Mueller SG, Lee JY, Insel P, Schuff N, Weiner MW. Patterns of reduced 
cortical thickness in late-life depression and relationship to psychotherapeutic response. 
American Journal of Geriatric Psychiatry. 2013; 21:794–802. [PubMed: 23567394] 

Madden DJ, Bennett IJ, Song AW. Cerebral white matter integrity and cognitive aging: Contributions 
from diffusion tensor imaging. Neuropsychological Review. 2009; 19:15–435.

Magri C, Schridde U, Murayama Y, Panzeri S, Logothetis N. The amplitude and timing of the BOLD 
signal reflects the relationship between the local field potential power at different frequencies. 
Journal of Neuroscience. 2012; 32:1395–1407. [PubMed: 22279224] 

Martin SD, Martin E, Rai SS, Richardson MA, Royall R. Brain blood flow changes in depressed 
patients treated with interpersonal psychotherapy or venlafaxine hydrochloride: Preliminary 
findings. Archives of General Psychiatry. 2001; 58:641–648. [PubMed: 11448369] 

Maslowsky J, Mogg K, Bradley BP, McClure-Tone E, Ernst M, Pine DS, Monk CS. A preliminary 
investigation of neural correlates of treatment in adolescents with generalized anxiety disorder. 
Journal of Child and Adolescent Psychopharmacology. 2010; 20:105–111. [PubMed: 20415605] 

Mayberg HS. Modulating dysfunctional limbic-cortical circuits in depression: towards development of 
brain-based algorithms for diagnosis and optimized treatment. British Medical Bulletin. 2003; 
65:193–207. [PubMed: 12697626] 

Mayberg HS, Liotto M, Brannan S, McGinnis S, Mahurin RK, Jerabek PA, Fox PT. Reciprocal limbic-
cortical function and negative mood: Converging PET findings in depression and normal 
sadness. American Journal of Psychiatry. 1999; 156:675–682. [PubMed: 10327898] 

McCarthy KL, Mergenthaler E, Schneider S, Grenyer B. Psychodynamic change in psychotherapy: 
Cycles of patient–therapist linguistic interactions and interventions. Psychotherapy Research. 
2011; 21:722–731. [PubMed: 21955173] 

McGrath CL, Kelley ME, Holtzheimer PE, Dunlop BW, Craighead WE, Franco AR, Mayberg HS. 
Toward a neuroimaging treatment selection biomarker for major depressive disorder. JAMA 
Psychiatry. 201310.1001/jamapsychiatry.2013.143

WEINGARTEN and STRAUMAN Page 31

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Mergenthaler E. Resonating minds: A school-independent theoretical conception and its empirical 
application to psychotherapeutic processes. Psychotherapy Research. 2008; 18:109–126. 
[PubMed: 18815969] 

Merrill KA, Strauman TJ. The role of personality in cognitive–behavioral therapies. Behavior Therapy. 
2004; 35:131–146.

Meyer-Lindenberg A. From maps to mechanisms through neuroimaging of schizophrenia. Nature. 
2010; 468:194–202. [PubMed: 21068827] 

Mohr DC, Lovera J, Brown T, Cohen B, Neylan T, Henry R, Pelletier D. A randomized trial of stress 
management for the prevention of new brain lesions in MS. Neurology. 2012; 79:412–419. 
[PubMed: 22786596] 

Montague PR, Berns GS, Cohen JD, McClure SM, Pagnoni G, Dhamala M, Fisher RE. 
Hyperscanning: Simultaneous Fmri during linked social interactions. Neuroimage. 2002; 
16:1159–1164. [PubMed: 12202103] 

Moss AS, Wintering N, Roggenkamp H, Khalsa DS, Waldman MR, Monti D, Newberg AB. Effects of 
an 8-week meditation program on mood and anxiety in patients with memory loss. Journal of 
Alternative and Complementary Medicine. 2012; 18:48–53.

Murphy ML, Frodl T. Meta-analysis of diffusion tensor imaging studies shows altered fractional 
anisotropy occurring in distinct brain areas in association with depression. Biology of Mood & 
Anxiety Disorders. 2011; 2011–1:3.

Nabeyama M, Nakagawa A, Yoshiura T, Nakao T, Nakatani E, Togao O, Kanba S. Functional MRI 
study of brain activation alterations in patients with obsessive-compulsive disorder after 
symptom improvement. Psychiatry Research: Neuroimaging. 2008; 163:236–247.

Nakao T, Nakagawa A, Yoshiura T, Nakatani E, Nabeyama M, Yoshizato C, Kanba S. Brain 
activation of patients with obsessive-compulsive disorder during neuropsychological and 
symptom provocation of tasks before and after symptom improvement: A functional magnetic 
resonance imaging study. Biological Psychiatry. 2005; 57:901–910. [PubMed: 15820711] 

Nakatani E, Nakgawa A, Ohara Y, Goto S, Uozumi N, Iwakiri M, Yamagami T. Effects of behavior 
therapy on regional cerebral blood flow in obsessive–compulsive disorder. Psychiatry Research: 
Neuroimaging. 2003; 124:113–120.

Nenadic I, Gaser C, Sauer H. Heterogeneity of brain structural variation and the structural imaging 
endophenotypes in schizophrenia. Neuropsychobiology. 2012; 66:44–49. [PubMed: 22797276] 

Northoff G, Bermpohl F, Schoeneich F, Boeker H. How does our brain constitute defense 
mechanisms? First-person neuroscience and psychoanalysis. Psychotherapy and Psychosomatics. 
2007; 76:141–153. [PubMed: 17426413] 

Northoff G, Heinzel A, DeGreck M, Bermpohl F, Dobrowolny H, Panksepp J. Self-referential 
processing in our brain – a meta-analysis of imaging studies on the self. Neuroimage. 2006; 
31:440–457. [PubMed: 16466680] 

ONeill J, Gorbis E, Feusner JD, Yip JC, Chang S, Maidment K, Saxena S. Effects of intensive 
cognitive-behavioral therapy on cingulate neurochemistry in obsessive-compulsive disorder. 
Journal of Psychiatric Research. 2013; 47:494–504. [PubMed: 23290560] 

ONeill J, Piacentini JC, Chang S, Levitt JG, Rozenman M, Bergman M, McCracken JT. MRSI 
correlates of cognitive-behavioral therapy in pediatric obsessive-compulsive disorder. Progress in 
Neuro-Psychopharmacology & Biological Psychiatry. 2012; 36:161–168. [PubMed: 21983143] 

Paquette V, Lévesque J, Mensour B, Leroux JM, Beaudoin G, Bourgouin P, Beauregard M. “Change 
the mind and you change the brain”: Effects of cognitive-behavioral therapy on the neural 
correlates of spider phobia. Neuroimage. 2003; 18:401–409. [PubMed: 12595193] 

Pardini M, Elia M, Garaci FG, Guida S, Coniglione F, Krueger F, Gialloretti LE. Long-term cognitive 
and behavioral therapies, combined with augmentative communication, are related to uncinate 
fasciculus integrity in autism. Journal of Autism and Developmental Disorders. 2012; 42:585–
592. [PubMed: 21573693] 

Penades R, Boget T, Lomena F, Mateos JJ, Catalan R, Gasto C, Salamero M. Could the hypofrontality 
pattern in schizophrenia be modified through neuropsychological rehabilitation? Acta 
Psychiatrica Scandinavia. 2002; 105:202–208.

WEINGARTEN and STRAUMAN Page 32

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Penades R, Pujol N, Catalan R, Massana G, Rametti G, Garcia-Rizo C, Junque C. Brain effects of 
cognitive remediation therapy in schizophrenia: a structural and functional neuroimaging study. 
Biological Psychiatry. 2013; 73:1015–1023. [PubMed: 23452665] 

Peres JFP, Newberg AB, Mercante JP, Simao M, Albuquerque VE, Peres MJP, Nasello AG. Cerebral 
blood flow changes during retrieval of traumatic memories before and after psychotherapy: a 
SPECT study. Psychological Medicine. 2007; 37:1481–1491. [PubMed: 17288648] 

Perrin JS, Merz S, Bennett DM, Currie J, Steele DJ, Reid IC, Schwarzbauer C. Electroconvulsive 
therapy reduces frontal cortical connectivity in severe depressive disorder. Proceedings of the 
National Academy of Sciences. 2012; 109:5464–5468.

Phan KL, Wager T, Taylor SF, Liberzon I. Functional neuroanatomy of emotion: a meta-analysis of 
emotion activation of studies in PET and fMRI. Neuroimage. 2002; 16:331–348. [PubMed: 
12030820] 

Port JD, Agarwal N. MR spectroscopy in schizophrenia. Journal of Magnetic Resonance Imaging. 
2011; 34:1251–1261. [PubMed: 22102558] 

Praško J, Horácek J, Zálesky R, Kopecek M, Novák T, Pašková B, Hoschl C. The change of regional 
brain metabolism (18FDG PET) in panic disorder during the treatment with cognitive behavioral 
therapy or antidepressants. Neuroendocrinology Letters. 2004; 5:340–348. [PubMed: 15580167] 

Premkumar P, Fannon D, Kuipers E, Peters E, Anilkumar APP, Simmons A, Kumari V. Structural 
magnetic resonance imaging predictors of responsiveness to cognitive behavior therapy in 
psychosis. Schizophrenia Research. 2009; 115:146–155. [PubMed: 19734016] 

Pujol J, Soriano-Mas C, Gispert JD, Bossa M, Reig S, Ortiz H, Olmos S. Variations in the shape of the 
frontobasal brain region in obsessive-compulsive disorder. Human Brain Mapping. 2011; 
32:1100–1108. [PubMed: 20607751] 

Raichle ME. The restless brain. Brain Connectivity. 2011; 1:3–12. [PubMed: 22432951] 

Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gusnard DA, Shulman GL. A default mode of 
brain function. Proceedings of the National Academy of Sciences. 2001; 98:676–682.

Ritchey M, Dolcos F, Eddington KM, Strauman TJ, Cabeza R. Neural correlates of emotional 
processing in depression: Changes with cognitive behavioral therapy and predictors of treatment 
response. Journal of Psychiatric Research. 2011; 45:577–587. [PubMed: 20934190] 

Roffman JL, Marci CD, Glick DM, Dougherty DD, Rauch SL. Neuroimaging and the functional 
neuroanatomy of psychotherapy. Psychological Medicine. 2005; 35:1385–1398. [PubMed: 
16164763] 

Sakai Y, Kumano H, Nisikawa M, Sakano Y, Kaiya H, Imabayashi E, Kuboki T. Changes in cerebral 
glucose utilization in patients with panic disorder treated with cognitive-behavioral therapy. 
Neuroimage. 2006; 33:218–226. [PubMed: 16889985] 

Salomon R, Bleich-Cohen M, Hahamy-Dubossarsky A, Dinstein I, Weizman R, Poyurovsky M, 
Malach R. Global functional connectivity deficits in schizophrenia depend on behavioral state. 
Journal of Neuroscience. 2011; 31:12972–12981. [PubMed: 21900576] 

Saxena S, Gorbis E, O’Neill J, Baker SK, Mandelkern MA, Maidment KM, London ED. Rapid effects 
of brief intensive cognitive-behavioral therapy on brain glucose metabolism in obsessive-
compulsive disorder. Molecular Psychiatry. 2009; 14:197–205. [PubMed: 18180761] 

Schienle A, Schäfer A, Hermann A, Rohrmann S, Vaitl D. Symptom provocation and reduction in 
patients suffering from spider phobia. European Archives of Psychiatry and Clinical 
Neurosciences. 2007; 257:486–493.

Schienle A, Schäfer A, Stark R, Vaitl D. Long-term effects of cognitive behavior therapy on brain 
activation in spider phobia. Psychiatry Research: Neuroimaging. 2009; 172:99–102.

Schilbach L, Wohlschlaeger AM, Kraemer NC, Newen A, Shah NJ, Fink GR, Vogeley K. Being with 
virtual others: Neural correlates of social interaction. Neuropsychologia. 2006; 44:718–730. 
[PubMed: 16171833] 

Schipul SE, Keller TA, Just MA. Inter-regional brain communication and its disturbance in autism. 
Frontiers in Systems Neuroscience. 2011; 510.3389/fnsys.2011.00010

Schmahl C, Bremner JD. Neuroimaging in borderline personality disorder. Journal of Psychiatric 
Research. 2006; 40:419–427. [PubMed: 16239012] 

WEINGARTEN and STRAUMAN Page 33

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Schnell K, Herpertz SC. Effects of dialectic-behavioral-therapy on the neural correlates of affective 
hyperarousal in borderline personality disorder. Journal of Psychiatric Research. 2007; 41:837–
847. [PubMed: 17064731] 

Schwartz JM, Stoessel PW, Baxter LR, Martin KM, Phelps ME. Systematic changes in cerebral 
glucose metabolic rate after successful behavior modification treatment of obsessive–compulsive 
disorder. Archives of General Psychiatry. 1996; 53:109–113. [PubMed: 8629886] 

Sexton CE, McDermott L, Kalu UG, Herrmann LL, Bradley KM, Allan CL, Ebmeier KP. Exploring 
the pattern and neural correlates of neuropsychological impairment in late life depression. 
Psychological Medicine. 2012; 42:1195–1202. [PubMed: 22030013] 

Sheline YI, Price JL, Yan Z, Mintun M. Resting-state functional MRI in depression unmasks increased 
connectivity between networks via the dorsal nexus. Proceedings of the National Academy of 
Sciences. 2010; 107:11020–11025.

Shirer WR, Ryali S, Rykhlevskaia E, Menon V, Greicius MD. Decoding subject-driven cognitive 
states with whole-brain connectivity patterns. Cerebral Cortex. 2012; 22:158–165. [PubMed: 
21616982] 

Siegle GJ, Carter CS, Thase ME. Use of fMRI to predict recovery from unipolar depression with 
cognitive behavioral therapy. American Journal of Psychiatry. 2006; 163:735–738. [PubMed: 
16585452] 

Siegle GJ, Thompson W, Carter CS, Steinhauer SR, Thase ME. Increased amygdala and decreased 
dorsolateral prefrontal BOLD responses in unipolar depression: Related and independent 
features. Biological Psychiatry. 2007; 61:198–209. [PubMed: 17027931] 

Siegle GJ, Thompson WK, Collier A, Berman SR, Feldmiller J, Thase ME, Friedman ES. Toward 
clinically useful neuroimaging in depression treatment: Prognostic utility of subgenual cingulate 
activity for determining depression outcome in cognitive therapy across studies, scanners, and 
patient characteristics. Archives of General Psychiatry. 2012; 69:913–924. [PubMed: 22945620] 

Siever LJ, Weinstein LN. The neurobiology of personality disorders: Implications for psychoanalysis. 
Journal of the American Psychoanalytic Association. 2009; 57:361–398. [PubMed: 19516057] 

Siniatchkin M, Glatthaar N, von Müller GG, Prehn-Kristensen A, Wolff S, Knöchel S, Gerber WD. 
Behavioural treatment increases activity in the cognitive neuronal networks in children with 
attention deficit/hyperactivity disorder. Brain Topography. 2012; 25:332–344. [PubMed: 
22392009] 

Snow JC, Pettypiece CE, McAdam TD, McLean AD, Stroman PW, Goodale MA, Culham JC. 
Bringing the real world into the fMRI scanner: Repetition effects for pictures versus real objects. 
Scientific Reports. 2011; 110.1038/srep00130

Snyder AZ, Raichle ME. A brief history of the resting state: The Washington University perspective. 
Neuroimage. 2012; 62:902–910. [PubMed: 22266172] 

Sporns O, Tononi G, Kotter R. The human connectome: A structural description of the human brain. 
PLoS Computational Biology. 2005; 1(4):e42. [PubMed: 16201007] 

Stern ER, Fitzgerald KD, Welsh RC, Abelson JL, Taylor SF. Resting-state functional connectivity 
between fronto-parietal and default mode networks in obsessive-compulsive disorder. PLoS 
ONE. 2012; 7(5):e36356.10.1371/journal.pone.0036356 [PubMed: 22570705] 

Straube T, Glauer M, Dilger S, Mentzel HJ, Miltner WHR. Effects of cognitive behavioral therapy on 
brain activation in specific phobia. Neuroimage. 2006; 29:125–135. [PubMed: 16087353] 

Strauman TJ. Self-regulation and depression. Self and Identity. 2002; 1:151–157.

Takeda M, Tanaka T, Kudo T. Elderly depression and diffusion tensor imaging. Psychogeriatrics. 
2011; 11:1–5. [PubMed: 21447102] 

Tang YY, Lu Q, Fan M, Yang Y, Posner MI. Mechanisms of white matter changes induced by 
meditation. Proceedings of the National Academy of Sciences. 2012; 109:10570–10574.

Taylor VA, Grant J, Daneault V, Scavone G, Breton E, Roffe-Vidal S, Beauregard M. Impact of 
mindfulness on the neural responses to emotional pictures in experienced and beginner 
meditators. Neuroimage. 2011; 57:1524–1533. [PubMed: 21679770] 

Thase ME. Neuroimaging profiles and the differential therapies of depression. Archives of General 
Psychiatry. 2001; 58:651–653. [PubMed: 11448371] 

WEINGARTEN and STRAUMAN Page 34

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Tschacher W, Schildt ME, Sander K. Brain connectivity in listening to affective stimuli: a functional 
magnetic resonance imaging (fMRI) study and implications for psychotherapy. Psychotherapy 
Research. 2010; 20:576–588. [PubMed: 20845228] 

Van Paasschen J, Clare L, Yuen KSL, Woods RT, Evans SJ, Parkinson CH, Linden DEJ. Cognitive 
rehabilitation changes memory-related brain activity in people with Alzheimer disease. 
Neurorehabilitation and Neural Repair. 2013; 27:448–459. [PubMed: 23369983] 

Vasic N, Walter H, Sambataro F, Wolf RC. Aberrant functional connectivity of dorsolateral prefrontal 
and cingulate networks in patients with major depression during working memory processing. 
Psychological Medicine. 2009; 39:977–987. [PubMed: 18845009] 

Vocks S, Schulte D, Busch M, Gronemeyer D, Herpetz S, Suchan B. Changes in neuronal correlates of 
body image processing by means of cognitive-behavioral body image therapy for eating 
disorders: A randomized controlled fMRI study. Psychological Medicine. 2011; 41:1651–1663. 
[PubMed: 21205361] 

Wang DJJ, Rao H, Korczykowski M, Wintering N, Pluta J, Khalsa DS, Newberg A. Cerebral blood 
flow changes associated with different meditation practices and perceived depth of meditation. 
Psychiatry Research: Neuroimaging. 2011; 191:60–67.

Wendt J, Schmidt LE, Lotze M, Hamm AO. Mechanisms of change: effects of repetitive exposure to 
feared stimuli on the brain’s fear network. Psychophysiology. 2012; 49:1319–1329. [PubMed: 
22913381] 

Weston D, Gabbard GO. Developments in cognitive neuroscience: I. Conflict, compromise, and 
connectionism. Journal of the American Psychoanalytic Association. 2002a; 50:53–98. [PubMed: 
12018875] 

Weston D, Gabbard GO. Developments in cognitive neuroscience: II. Implications for theories of 
transference. Journal of the American Psychoanalytic Association. 2002b; 50:99–134. [PubMed: 
12018876] 

Whiteside SPH, Abramowitz JS, Port JD. The effect of behavior therapy on caudate N-acetyl-l-aspartic 
acid in adults with obsessive-compulsive disorder. Psychiatry Research: Neuroimaging. 2012a; 
201:10–16.

Whiteside SPH, Abramowitz JS, Port JD. Decreased caudate N-acetyl-l-aspartic acid in pediatric 
obsessive-compulsive disorder and the effects of behavior therapy. Psychiatry Research: 
Neuroimaging. 2012b; 202:53–59.

Whitford TJ, Kubicki M, Shenton M. Diffusion tensor imaging, structural connectivity, and 
schizophrenia. Schizophrenia Research and Treatment. 2011; 201110.1155/2011/709523

Wykes T, Brammer M, Mellers J, Bray P, Reeder C, Williams S, Corner J. Effects on the brain of a 
psychological treatment: Cognitive remediation therapy: Functional magnetic resonance imaging 
in schizophrenia. British Journal of Psychiatry. 2002; 181:144–152. [PubMed: 12151286] 

Yamanishi T, Nakaaki S, Omori IM, Hashimoto N, Shinagawa Y, Hongo J, Furukawa TA. Changes 
after behavior therapy among responsive and nonresponsive patients with obsessive-compulsive 
disorder. Psychiatry Research: Neuroimaging. 2009; 172:242–250.

Yoshimura S, Okamoto Y, Onoda K, Matsunaga M, Okada G, Kunisato Y, Yamawaki S. Cognitive 
behavioral therapy for depression changes medial prefrontal and ventral anterior cingulate cortex 
activity associated with self-referential processing. Social Cognitive and Affective Neuroscience. 
201310.10193/scan/nst009

Zaunmüller L, Lutz W, Strauman TJ. Affective impact and electrocortical correlates of a cognitive 
microintervention: An ERP study. Psychotherapy Research. in press. 

Zeng LL, Liu L, Liu Y, Shen H, Li Y, Hu D. Antidepressant treatment normalizes white matter 
volume in patients with major depression. PLoS ONE. 2012a; 7(8):e44248.10.1371/journal.pone.
0044248 [PubMed: 22957005] 

Zeng LL, Shen H, Liu L, Wang L, Li B, Fang P, Hu D. Identifying major depression using whole-
brain functional connectivity: A multivariate pattern analysis. Brain. 2012b; 135:1498–1507. 
[PubMed: 22418737] 

Zurowski B, Kordon A, Weber-Fahr W, Voderholzer U, Kuelz AK, Freyer T, Hohagen F. Relevance 
of orbitofrontal neurochemistry for the outcome of cognitive-behavioral therapy in patients with 

WEINGARTEN and STRAUMAN Page 35

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



obsessive-compulsive disorder. European Archives of Psychiatry and Clinical Neuroscience. 
2012; 262:617–624. [PubMed: 22427151] 

WEINGARTEN and STRAUMAN Page 36

Psychother Res. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

WEINGARTEN and STRAUMAN Page 37

T
ab

le
 1

N
eu

ro
im

ag
in

g 
st

ud
ie

s 
of

 p
sy

ch
ot

he
ra

py

St
ud

y
T

he
ra

py
Im

ag
in

g
R

es
ul

ts

D
ep

re
ss

io
n

M
R

I

B
uc

hh
ei

m
 2

01
2 

(M
D

D
)

PS
Y

, 1
5m

o
fM

R
I,

 p
re

, p
os

t
A

tta
ch

m
en

t p
ic

tu
re

 w
ith

 p
er

so
na

l s
en

te
nc

e 
ta

sk
 s

ho
w

ed
 d

ec
re

as
ed

 a
ct

iv
at

io
n 

in
 th

e 
le

ft
 a

nt
er

io
r 

hi
pp

oc
am

pu
s/

am
yg

da
la

, s
ub

ge
nu

al
 c

in
gu

la
te

, a
nd

 m
ed

ia
l p

re
fr

on
ta

l c
or

te
x 

po
st

-t
x

C
os

ta
fr

ed
a 

20
09

 (
M

D
D

)
C

B
T

, 1
6w

k
sM

R
I,

 p
re

Pr
ed

ic
to

r:
 n

o 
pr

ed
ic

to
r 

of
 r

es
po

ns
e 

to
 C

B
T

 tx

D
ic

ht
er

 2
00

9 
(M

D
D

)
B

A
T

, 8
–1

4w
k

fM
R

I,
 p

re
, p

os
t

R
ew

ar
d 

pr
oc

es
si

ng
 ta

sk
 s

ho
w

ed
 c

ha
ng

es
 in

 p
ar

ac
in

gu
la

te
 g

yr
us

, o
rb

ito
fr

on
ta

l g
yr

us
, a

nd
 c

au
da

te
 p

os
t-

tx

D
ic

ht
er

 2
01

0 
(M

D
D

)
B

A
T

, 8
–1

4w
k

fM
R

I,
 p

re
, p

os
t

C
og

ni
tiv

e 
co

nt
ro

l e
m

ot
io

n 
pr

oc
es

si
ng

 ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 p
ar

ac
in

gu
la

te
 g

yr
us

, o
rb

ito
fr

on
ta

l 
co

rt
ex

, a
nd

 f
ro

nt
al

 p
ol

e 
po

st
-t

x;
 p

re
di

ct
or

: a
ct

iv
at

io
n 

in
 p

ar
ac

in
gu

la
te

 g
yr

us
 p

re
-t

x 
pr

ed
ic

te
d 

re
sp

on
se

 to
 tx

Fo
rb

es
 2

01
0 

(M
D

D
)

C
B

T
, 8

w
k

fM
R

I,
 p

re
Pr

ed
ic

to
rs

: d
ur

in
g 

re
w

ar
d 

pr
oc

es
si

ng
 ta

sk
, i

nc
re

as
ed

 s
tr

ia
ta

l a
ct

iv
ity

 d
ur

in
g 

re
w

ar
d 

an
tic

ip
at

io
n 

pr
ed

ic
te

d 
lo

w
er

 le
ve

l o
f 

an
xi

et
y 

sy
m

pt
om

s 
po

st
-t

x;
 in

cr
ea

se
d 

st
ri

at
al

 a
ct

iv
ity

 d
ur

in
g 

re
w

ar
d 

ou
tc

om
e 

pr
ed

ic
te

d 
be

tte
r 

cl
in

ic
al

 s
ev

er
ity

 p
os

t-
tx

Fu
 2

00
8 

(M
D

D
)

C
B

T
, 1

6s
fM

R
I,

 p
re

, p
os

t
Sa

d 
fa

ci
al

 p
ro

ce
ss

in
g 

ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

m
yg

da
la

 a
nd

 in
cr

ea
se

d 
do

rs
al

 a
nt

er
io

r 
ci

ng
ul

at
e 

ac
tiv

ity
 p

os
t-

tx
. P

re
di

ct
or

: i
nc

re
as

ed
 d

or
sa

l a
nt

er
io

r 
ci

ng
ul

at
e 

ac
tiv

ity
 a

t b
as

el
in

e 
pr

ed
ic

te
d 

gr
ea

te
r 

im
pr

ov
em

en
t p

os
t-

tx

L
eh

to
 2

00
8a

 (
A

tD
, N

A
tD

)
PS

Y
, 1

2m
o

SP
E

C
T

, p
re

, p
os

t
M

id
br

ai
n 

se
ro

to
ni

n 
tr

an
sp

or
te

r 
de

ns
ity

 in
cr

ea
se

d 
po

st
-t

x 
in

 A
tD

; s
tr

ia
tu

m
 d

op
am

in
e 

tr
an

sp
or

te
r 

de
ns

ity
 d

id
 

no
t c

ha
ng

e 
po

st
-t

x

L
eh

to
 2

00
8b

 (
M

D
D

, D
D

)
PS

Y
, 1

yr
SP

E
C

T
, p

re
, p

os
t

M
id

br
ai

n 
se

ro
to

ni
n 

an
d 

st
ri

at
um

 d
op

am
in

e 
tr

an
sp

or
te

r 
bi

nd
in

g 
di

d 
no

t c
ha

ng
e 

po
st

-t
x

M
ac

ki
n 

20
13

 (
L

L
D

)
PS

T
, 1

2w
k

sM
R

I,
 d

ur
in

g 
tx

N
on

re
sp

on
de

rs
 s

ho
w

ed
 d

ec
re

as
ed

 c
or

tic
al

 th
ic

kn
es

s 
in

 m
ul

tip
le

 r
eg

io
ns

 in
 c

om
pa

ri
so

n 
w

ith
 tx

 r
es

po
nd

er
s

R
itc

he
y 

20
11

 (
M

D
D

)
C

B
T

, 3
0w

k
fM

R
I,

 p
re

, p
os

t
Pr

ed
ic

to
rs

: e
m

ot
io

n 
pr

oc
es

si
ng

 ta
sk

s 
at

 b
as

el
in

e 
sh

ow
ed

 th
at

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 v

en
tr

om
ed

ia
l p

re
fr

on
ta

l 
co

rt
ex

 (
ov

er
al

l c
on

tr
as

t)
, a

nd
 in

 le
ft

 a
nt

er
io

r 
te

m
po

ra
l l

ob
e/

ve
nt

ro
la

te
ra

l p
re

fr
on

ta
l a

nd
 r

ig
ht

 d
or

so
la

te
ra

l 
pr

ef
ro

nt
al

 c
or

tic
es

 (
ne

ga
tiv

e 
ve

rs
us

 p
os

iti
ve

 e
m

ot
io

n 
co

nt
ra

st
),

 p
re

di
ct

ed
 g

re
at

er
 im

pr
ov

em
en

t p
os

t-
tx

Si
eg

le
 2

00
6 

(M
D

D
)

C
B

T
, 1

2w
k

fM
R

I,
 p

re
Pr

ed
ic

to
r:

 d
ur

in
g 

ne
ga

tiv
e 

w
or

d 
em

ot
io

n 
ta

sk
, l

ow
er

 s
ub

ge
nu

al
 c

in
gu

la
te

 a
nd

 h
ig

he
r 

ri
gh

t a
m

yg
da

la
 a

ct
iv

ity
 

pr
ed

ic
te

d 
be

tte
r 

re
sp

on
se

 to
 tx

Si
eg

le
 2

01
2 

(M
D

D
)

C
B

T
, 1

6–
20

s
fM

R
I,

 p
re

, p
os

t
Pr

ed
ic

to
r:

 d
ur

in
g 

ne
ga

tiv
e 

w
or

d 
em

ot
io

n 
ta

sk
 a

t b
as

el
in

e,
 lo

w
er

 s
ub

ge
nu

al
 a

nt
er

io
r 

ci
ng

ul
at

e 
ac

tiv
at

io
n 

pr
ed

ic
te

d 
be

tte
r 

re
sp

on
se

 to
 tx

Y
os

hi
m

ur
a 

20
13

 (
M

D
D

)
C

B
T

, 1
2w

k
fM

R
I,

 p
re

, p
os

t
Se

lf
-r

ef
er

en
tia

l p
ro

ce
ss

in
g 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

fo
r 

po
si

tiv
e 

st
im

ul
i

or
 d

ec
re

as
ed

 a
ct

iv
at

io
n 

fo
r 

ne
ga

tiv
e 

st
im

ul
i i

n 
th

e 
m

ed
ia

l p
re

fr
on

ta
l a

nd
 v

en
tr

al
 a

nt
er

io
r 

ci
ng

ul
at

e 
co

rt
ic

es

PE
T

B
ro

dy
 2

00
1a

 (
M

D
D

) 
(B

, F
, K

, L
, R

)
IP

T
, 1

2w
k

PE
T

-F
D

G
, p

re
, p

os
t

R
es

tin
g 

m
et

ab
ol

is
m

 in
 r

ig
ht

 p
re

fr
on

ta
l c

or
te

x 
an

d 
le

ft
 a

nt
er

io
r 

ci
ng

ul
at

e 
gy

ru
s 

de
cr

ea
se

d 
po

st
-t

x;
 in

 le
ft

 
te

m
po

ra
l l

ob
e 

re
st

in
g 

m
et

ab
ol

is
m

 in
cr

ea
se

d 
po

st
-t

x

B
ro

dy
 2

00
1b

 (
M

D
D

) 
(R

)
IP

T
, 1

2w
k

PE
T

-F
D

G
, p

re
, p

os
t

R
es

tin
g 

m
et

ab
ol

is
m

 in
 v

en
tr

al
 f

ro
nt

al
 lo

be
, v

en
tr

al
 a

nt
er

io
r 

ci
ng

ul
at

e 
gy

ru
s,

 a
nd

 a
nt

er
io

r 
in

su
la

 d
ec

re
as

ed
 

w
ith

 im
pr

ov
ed

 m
oo

d;
 in

 d
or

so
la

te
ra

l p
re

fr
on

ta
l c

or
te

x 
re

st
in

g 
m

et
ab

ol
is

m
 in

cr
ea

se
d 

w
ith

 im
pr

ov
ed

 
co

gn
iti

on

G
ol

da
pp

le
 2

00
4 

(M
D

D
) 

(B
,F

,K
,L

,R
)

C
B

T
,1

5–
20

s
PE

T
-F

D
G

, p
re

, p
os

t
R

es
tin

g 
m

et
ab

ol
is

m
 in

cr
ea

se
d 

in
 h

ip
po

ca
m

pu
s 

an
d 

do
rs

al
 c

in
gu

la
te

 a
nd

 d
ec

re
as

ed
 in

 d
or

sa
l, 

m
ed

ia
l, 

an
d 

ve
nt

ra
l f

ro
nt

al
 c

or
te

x 
po

st
-t

x

Psychother Res. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

WEINGARTEN and STRAUMAN Page 38

St
ud

y
T

he
ra

py
Im

ag
in

g
R

es
ul

ts

H
ir

vo
ne

n 
20

11
 (

M
D

D
)

PS
Y

, 1
6w

k
PE

T
, p

re
, p

os
t

D
op

am
in

e 
re

ce
pt

or
 b

in
di

ng
 d

id
 n

ot
 c

ha
ng

e 
in

 s
tr

ia
tu

m
 o

r 
th

al
am

us
 p

os
t-

tx

K
ar

ls
so

n 
20

10
 (

M
D

D
)

PS
Y

, 1
6w

k
PE

T
, p

re
, p

os
t

Se
ro

to
ni

n 
re

ce
pt

or
 b

in
di

ng
 in

cr
ea

se
d 

po
st

-t
x

K
en

ne
dy

 2
00

7 
(M

D
D

)
C

B
T

, 1
6w

k
PE

T
-F

D
G

, p
re

, p
os

t
R

es
tin

g 
m

et
ab

ol
is

m
 d

ec
re

as
ed

 in
 b

ila
te

ra
l l

at
er

al
 o

rb
ito

fr
on

ta
l, 

le
ft

 d
or

so
m

ed
ia

l p
re

fr
on

ta
l, 

po
st

er
io

r 
ci

ng
ul

at
e,

 a
nd

 r
ig

ht
 th

al
am

us
; i

nc
re

as
ed

 in
 s

ub
ge

nu
al

 c
in

gu
la

te
, r

ig
ht

 in
fe

ri
or

 o
cc

ip
ita

l a
nd

 o
cc

ip
ita

l-
te

m
po

ra
l, 

an
d 

le
ft

 in
fe

ri
or

 te
m

po
ra

l r
eg

io
ns

 p
os

t-
tx

K
on

ar
sk

i 2
00

9 
(M

D
D

)
C

B
T

, 1
6w

k
PE

T
-F

D
G

, p
re

Pr
ed

ic
to

r:
 in

cr
ea

se
d 

re
st

in
g 

m
et

ab
ol

is
m

 in
 th

e 
pr

eg
en

ua
l/s

ub
ge

nu
al

 a
nt

er
io

r 
ci

ng
ul

at
e 

re
gi

on
 p

re
di

ct
ed

 
no

nr
es

po
ns

e 
to

 tx

M
cG

ra
th

 2
01

3 
(M

D
D

)
C

B
T

, 1
2w

k
PE

T
-F

D
G

, p
re

Pr
ed

ic
to

rs
: i

n 
th

e 
ri

gh
t a

nt
er

io
r 

in
su

la
, d

ec
re

as
ed

 r
es

tin
g 

m
et

ab
ol

is
m

 p
re

di
ct

ed
 r

em
is

si
on

 a
ft

er
 C

B
T

 
tr

ea
tm

en
t w

hi
le

 in
cr

ea
se

d 
m

et
ab

ol
is

m
 p

re
di

ct
ed

 r
em

is
si

on
 a

ft
er

 e
sc

ita
lo

pr
am

 p
ha

rm
ac

ot
he

ra
py

SP
E

C
T

A
m

st
er

da
m

 2
01

3 
(M

D
D

)
C

B
T

, 1
2w

k
SP

E
C

T
, p

re
, p

os
t

Se
ro

to
ni

n 
tr

an
sp

or
te

r 
bi

nd
in

g 
in

cr
ea

se
d 

in
 b

ila
te

ra
l m

ed
ia

l t
em

po
ra

l l
ob

es
 p

os
t-

tx

M
ar

tin
 2

00
1(

M
D

D
) 

(B
, F

, K
, L

, R
)

IP
T

, 1
6w

k
SP

E
C

T
, p

re
, 6

w
k

R
es

tin
g 

bl
oo

d 
fl

ow
 in

 r
ig

ht
 b

as
al

 g
an

gl
ia

 a
nd

 p
os

te
ri

or
 c

in
gu

la
te

 in
cr

ea
se

d 
at

 6
 w

ee
ks

 o
f 

tx

O
bs

es
si

ve
 C

om
pu

ls
iv

e 
D

is
or

de
r

N
ak

at
an

i 2
00

3 
(F

, K
, L

, R
)

B
T

, v
ar

ia
bl

e
C

T
-X

e,
 p

re
, p

os
t

R
es

tin
g 

bl
oo

d 
fl

ow
 in

 r
ig

ht
 c

au
da

te
 d

ec
re

as
ed

 p
os

t-
tx

M
R

I

Fr
ey

er
 2

01
1

C
B

T
, 8

–1
2w

k
fM

R
I,

 p
re

, p
os

t
St

ra
te

gy
 s

w
itc

hi
ng

 ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 r

ig
ht

 p
ut

am
en

 a
nd

 c
au

da
te

 p
os

t-
tx

; s
m

al
le

r 
ch

an
ge

s 
in

 r
ig

ht
 p

al
lid

um
 p

os
t-

tx
 c

or
re

la
te

d 
w

ith
 g

re
at

er
 c

lin
ic

al
 im

pr
ov

em
en

t

H
oe

xt
er

 2
01

2
C

B
T

, 1
2w

k
sM

R
I,

 p
re

, p
os

t
O

rb
ito

fr
on

ta
l, 

an
te

ri
or

 c
in

gu
la

te
, t

em
po

ro
lim

bi
c,

 s
tr

ia
tu

m
 o

r 
th

al
am

us
 r

eg
io

na
l v

ol
um

es
 d

id
 n

ot
 s

ho
w

 
ch

an
ge

s 
po

st
-t

x

H
oe

xt
er

 2
01

3
C

B
T

, 1
2w

k
sM

R
I,

 p
re

Pr
ed

ic
to

r:
 la

rg
er

 v
ol

um
e 

in
 r

ig
ht

 m
ed

ia
l p

re
fr

on
ta

l p
re

di
ct

ed
 r

es
po

ns
e 

to
 tx

H
uy

se
r 

20
10

 (
ch

ild
)

C
B

T
, 1

6s
fM

R
I,

 p
re

, p
os

t
T

ow
er

 o
f 

L
on

do
n 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 le

ft
 d

or
so

la
te

ra
l p

re
fr

on
ta

l a
nd

 p
ar

ie
ta

l c
or

tic
es

 p
os

t-
tx

N
ab

ey
am

a 
20

08
B

T
, 1

2w
k

fM
R

I,
 p

re
, p

os
t

St
ro

op
 ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 c
er

eb
el

lu
m

 a
nd

 p
ar

ie
ta

l c
or

te
x 

an
d 

de
cr

ea
se

d 
ac

tiv
at

io
n 

in
 

or
bi

to
fr

on
ta

l c
or

te
x,

 m
id

dl
e 

fr
on

ta
l g

yr
us

, a
nd

 te
m

po
ra

l r
eg

io
ns

 p
os

t-
tx

N
ak

ao
 2

00
5 

(K
, L

)
B

T
, 1

2w
k

fM
R

I,
 p

re
, p

os
t

Pr
ov

oc
at

io
n 

ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 o
rb

ito
fr

on
ta

l, 
do

rs
ol

at
er

al
 p

re
fr

on
ta

l, 
an

d 
an

te
ri

or
 c

in
gu

la
te

 
co

rt
ic

es
 p

os
t-

tx
; S

tr
oo

p 
ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 c
er

eb
el

lu
m

 a
nd

 p
ar

ie
ta

l c
or

te
x 

po
st

-t
x

O
’N

ei
ll 

20
12

 (
ch

ild
)

C
B

T
, 1

2w
k

1 H
-M

R
S,

 p
re

, p
os

t
Pr

ed
ic

to
rs

: b
as

el
in

e 
N

-a
ce

ty
l c

om
po

un
ds

, g
lu

ta
m

in
e 

an
d 

gl
ut

am
at

e,
 a

nd
 m

yo
- 

in
os

ito
l l

ev
el

s 
in

 le
ft

 th
al

am
us

 
pr

ed
ic

te
d 

re
sp

on
se

 to
 tx

O
’N

ei
ll 

20
13

C
B

T
, 4

w
k

1 H
-M

R
S,

 p
re

, p
os

t
Pr

ed
ic

to
rs

: b
as

el
in

e 
N

-a
ce

ty
l c

om
po

un
ds

 in
 r

ig
ht

 p
re

ge
nu

al
 a

nt
er

io
r 

ci
ng

ul
at

e 
co

rt
ex

 p
re

di
ct

ed
 r

es
po

ns
e 

to
 

tx

W
hi

te
si

de
 2

01
2a

B
T

, 8
w

k
1 H

-M
R

S,
 p

re
, p

os
t

In
cr

ea
se

d 
N

-a
ce

ty
l a

sp
ar

ta
te

 in
 le

ft
 c

au
da

te
 p

os
t-

tx
; c

ha
ng

es
 in

 le
ve

ls
 o

f 
m

an
y 

ne
ur

oc
he

m
ic

al
s 

co
rr

el
at

ed
 

w
ith

 c
ha

ng
es

 in
 s

ym
pt

om
 m

ea
su

re
s

W
hi

te
si

de
 2

01
2b

 (
ch

ild
)

B
T

, 1
0–

18
s

1 H
-M

R
S,

 p
re

, p
os

t
D

ec
re

as
ed

 g
lu

ta
m

in
e 

an
d 

gl
ut

am
at

e 
le

ve
ls

 in
 r

ig
ht

 c
au

da
te

 p
os

t-
tx

Z
ur

ow
sk

i 2
01

2
in

C
B

T
, 3

 m
o

1 H
-M

R
S,

 p
re

, p
os

t
Pr

ed
ic

to
r:

 m
yo

-i
no

si
to

l i
n 

ri
gh

t o
rb

ito
fr

on
ta

l c
or

te
x 

pr
ed

ic
te

d 
re

sp
on

se
 to

 tx

PE
T

A
po

st
ol

ov
a 

20
10

C
B

T
, 4

0s
PE

T
-F

D
G

, p
re

, p
os

t
R

es
tin

g 
m

et
ab

ol
is

m
 in

 r
ig

ht
 c

au
da

te
 in

cr
ea

se
d 

po
st

-t
x

B
ax

te
r 

19
92

 (
F,

 K
, L

, R
)

B
T

, 1
0w

k
PE

T
-F

D
G

, p
re

, p
os

t
R

es
tin

g 
m

et
ab

ol
is

m
 in

 r
ig

ht
 c

au
da

te
 d

ec
re

as
ed

 p
os

t-
tx

Psychother Res. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

WEINGARTEN and STRAUMAN Page 39

St
ud

y
T

he
ra

py
Im

ag
in

g
R

es
ul

ts

B
ro

dy
 1

99
8 

(R
)

B
T

, 8
–1

2w
k

PE
T

-F
D

G
, p

re
Pr

ed
ic

to
r:

 h
ig

he
r 

re
st

in
g 

m
et

ab
ol

is
m

 in
 le

ft
 o

rb
ito

fr
on

ta
l c

or
te

x 
pr

ed
ic

te
d 

gr
ea

te
r 

re
sp

on
se

 to
 tx

Sa
xe

na
 2

00
9

C
B

T
, 4

w
k

PE
T

-F
D

G
, p

re
, p

os
t

R
es

tin
g 

m
et

ab
ol

is
m

 d
ec

re
as

ed
 b

ila
te

ra
lly

 in
 th

al
am

i a
nd

 in
cr

ea
se

d 
in

 r
ig

ht
 d

or
sa

l a
nt

er
io

r 
ci

ng
ul

at
e 

po
st

-t
x

Sc
hw

ar
tz

 1
99

6 
(B

, F
, K

, L
, R

)
C

B
T

, 1
0w

k
PE

T
-F

D
G

, p
re

, p
os

t
R

es
tin

g 
m

et
ab

ol
is

m
 in

 b
ila

te
ra

l c
au

da
te

 d
ec

re
as

ed
 p

os
t-

tx

SP
E

C
T

Y
am

an
is

hi
 2

00
9

B
T

, 1
2w

k
SP

E
C

T
, p

re
, p

os
t

Pr
ed

ic
to

r:
 in

cr
ea

se
d 

bl
oo

d 
fl

ow
 in

 b
ila

te
ra

l o
rb

ito
fr

on
ta

l c
or

te
x 

at
 b

as
el

in
e 

pr
ed

ic
te

d 
gr

ea
te

r 
re

sp
on

se
 to

 tx

Sc
hi

zo
ph

re
ni

a

M
R

I

B
or

 2
01

1
C

R
T

, 7
w

k
fM

R
I,

 p
re

, p
os

t
Sp

at
ia

l n
-b

ac
k 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 le

ft
 in

fe
ri

or
 a

nd
 m

id
dl

e 
fr

on
ta

l g
yr

i, 
ci

ng
ul

at
e,

 in
fe

ri
or

 
pa

ri
et

al
 lo

bu
le

/p
re

cu
ne

us
 p

os
t-

tx

E
ac

k 
20

10
C

E
T

, 2
yr

sM
R

I,
 p

re
, p

os
t

In
cr

ea
se

d 
vo

lu
m

es
 in

 le
ft

 h
ip

po
ca

m
pu

s,
 p

ar
ah

ip
po

ca
m

pa
l g

yr
us

, f
us

if
or

m
 g

yr
us

, a
nd

 a
m

yg
da

la
 p

os
t-

tx

H
au

t 2
01

0
R

E
M

, 4
–6

w
k

fM
R

I,
 p

re
, p

os
t

W
or

ki
ng

 m
em

or
y 

ta
sk

s 
sh

ow
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 b

ila
te

ra
l f

ro
nt

op
ol

ar
, a

nt
er

io
r 

ci
ng

ul
at

e,
 a

nd
 le

ft
 

do
rs

ol
at

er
al

 p
re

fr
on

ta
l c

or
te

x 
re

gi
on

s 
po

st
-t

x

K
es

ha
va

n 
20

11
C

E
T

, 2
yr

sM
R

I,
 p

re
Pr

ed
ic

to
r:

 la
rg

er
 c

or
tic

al
 s

ur
fa

ce
 a

re
a 

an
d 

gr
ay

 m
at

te
r 

vo
lu

m
e 

pr
ed

ic
te

d 
fa

st
er

 s
oc

ia
l c

og
ni

tiv
e 

re
sp

on
se

 to
 tx

K
um

ar
i 2

00
9

C
B

T
, 6

–8
m

o
fM

R
I,

 f
cM

R
I,

 p
re

Pr
ed

ic
to

rs
: d

ur
in

g 
w

or
ki

ng
 m

em
or

y 
ta

sk
, i

nc
re

as
ed

 a
ct

iv
at

io
n 

in
 d

or
so

la
te

ra
l p

re
fr

on
ta

l c
or

te
x 

an
d 

in
cr

ea
se

d 
do

rs
ol

at
er

al
 p

re
fr

on
ta

l c
or

te
x-

ce
re

be
llu

m
 c

on
ne

ct
iv

ity
 p

re
di

ct
ed

 b
et

te
r 

re
sp

on
se

 to
 C

B
T

K
um

ar
i 2

01
0

C
B

T
, 6

–8
m

o
fM

R
I,

 p
re

Pr
ed

ic
to

rs
: d

ur
in

g 
m

on
ito

ri
ng

 o
f 

vo
ic

es
 ta

sk
, i

nc
re

as
ed

 a
ct

iv
at

io
n 

in
 le

ft
 in

fe
ri

or
 f

ro
nt

al
 g

yr
us

, t
ha

la
m

us
, a

nd
 

pr
ec

un
eu

s 
pr

ed
ic

te
d 

be
tte

r 
re

sp
on

se
 to

 tx
; d

ec
re

as
ed

 d
ea

ct
iv

at
io

n 
in

 in
fe

ri
or

 p
ar

ie
ta

l a
nd

 m
ed

ia
l p

re
fr

on
ta

l 
re

gi
on

s 
pr

ed
ic

te
d 

be
tte

r 
re

sp
on

se
 to

 tx

K
um

ar
i 2

01
1

C
B

T
, 6

–8
m

o
fM

R
I,

 p
re

, p
os

t
Fa

ci
al

 a
ng

er
 a

nd
 f

ea
r 

em
ot

io
ns

 ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 in
fe

ri
or

 f
ro

nt
al

, i
ns

ul
a,

 th
al

am
us

, 
pu

ta
m

en
, a

nd
 o

cc
ip

ita
l r

eg
io

ns
 p

os
t-

tx

Pe
na

de
s 

20
13

C
R

T
, 4

m
fc

M
R

I,
 D

T
I,

 p
re

, p
os

t
N

-b
ac

k 
te

st
 s

ho
w

ed
 n

or
m

al
iz

at
io

n 
of

 a
ct

iv
at

io
n 

pa
tte

rn
s 

in
 th

e 
ce

nt
ra

l e
xe

cu
tiv

e 
an

d 
de

fa
ul

t m
od

e 
ne

tw
or

ks
 

po
st

-t
x;

 in
cr

ea
se

d 
fr

ac
tio

na
l a

ni
so

tr
op

y 
in

 g
en

u 
of

 th
e 

co
rp

us
 c

al
lo

su
m

 p
os

t-
tx

Pr
em

ku
m

ar
 2

00
9

C
B

T
, 6

–8
m

sM
R

I,
 p

re
Pr

ed
ic

to
rs

: i
nc

re
as

ed
 g

ra
y 

m
at

te
r 

vo
lu

m
es

 o
f 

ri
gh

t c
er

eb
el

lu
m

 (
lo

bu
le

 V
II

),
 in

fe
ri

or
 p

ar
ie

ta
l l

ob
ul

e,
 s

up
er

io
r 

te
m

po
ra

l g
yr

us
, l

ef
t p

re
ce

nt
ra

l g
yr

us
, c

un
eu

s,
 a

nd
 c

er
eb

el
lu

m
 (

C
ru

s 
I)

 p
re

di
ct

ed
 r

es
po

ns
e 

to
 tx

W
yk

es
 2

00
2 

(R
)

C
R

T
, 1

2w
k

fM
R

I,
 p

re
, p

os
t

V
er

ba
l w

or
ki

ng
 m

em
or

y 
ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 f
ro

nt
al

 a
nd

 o
cc

ip
ita

l r
eg

io
ns

 p
os

t-
tx

SP
E

C
T

Pe
na

de
s 

20
02

 (
R

)
N

PR
, 1

2w
k

SP
E

C
T

, p
re

, p
os

t
T

ow
er

 o
f 

L
on

do
n 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
bl

oo
d 

fl
ow

 in
 p

re
fr

on
ta

l r
eg

io
ns

 p
os

t-
tx

O
th

er
 c

on
di

tio
ns

M
R

I

B
eu

te
l 2

01
0 

(P
an

ic
)

in
PS

Y
, 4

w
k

fM
R

I,
 p

re
, p

os
t

N
eg

at
iv

e 
em

ot
io

n 
ta

sk
s 

sh
ow

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 a
m

yg
da

la
 a

nd
 h

ip
po

ca
m

pu
s 

an
d 

de
cr

ea
se

d 
ac

tiv
at

io
n 

in
 p

re
fr

on
ta

l r
eg

io
ns

 p
re

-t
x 

th
at

 n
or

m
al

iz
ed

 p
os

t-
tx

B
ry

an
t 2

00
8a

 (
PT

SD
)

C
B

T
, 8

s
fM

R
I,

 p
re

Pr
ed

ic
to

r:
 d

ur
in

g 
fa

ci
al

 e
xp

re
ss

io
n 

of
 f

ea
r 

ta
sk

, i
nc

re
as

ed
 a

ct
iv

at
io

n 
in

 a
m

yg
da

la
 a

nd
 v

en
tr

al
 a

nt
er

io
r 

ci
ng

ul
at

e 
re

gi
on

s 
pr

ed
ic

te
d 

po
or

 r
es

po
ns

e 
to

 tx

B
ry

an
t 2

00
8b

 (
PT

SD
)

C
B

T
,8

w
k

sM
R

I,
 p

re
Pr

ed
ic

to
r:

 la
rg

er
 r

os
tr

al
 a

nt
er

io
r 

ci
ng

ul
at

e 
co

rt
ex

 p
re

di
ct

ed
 r

es
po

ns
e 

to
 tx

D
eG

re
ck

 2
01

1 
(S

om
at

o)
in

PS
Y

, 6
0d

fM
R

I,
 p

re
, p

os
t

R
ew

ar
di

ng
 v

er
su

s 
no

nr
ew

ar
di

ng
 ta

sk
 a

ct
iv

at
io

ns
 n

or
m

al
iz

ed
 in

 le
ft

 p
os

tc
en

tr
al

 g
yr

us
 a

nd
 r

ig
ht

 
ve

nt
ro

po
st

er
io

r 
th

al
am

us
 p

os
t-

tx

Psychother Res. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

WEINGARTEN and STRAUMAN Page 40

St
ud

y
T

he
ra

py
Im

ag
in

g
R

es
ul

ts

D
eL

an
ge

 2
00

8 
(C

FS
)

C
B

T
, 6

–9
m

o
sM

R
I,

 p
re

, p
os

t
G

re
y 

m
at

te
r 

vo
lu

m
e 

in
 la

te
ra

l p
re

fr
on

ta
l c

or
te

x 
in

cr
ea

se
d 

po
st

-t
x

D
eV

ito
 2

01
2 

(S
U

D
)

C
B

T
, 8

w
k

fM
R

I,
 p

re
, p

os
t

St
ro

op
 ta

sk
 s

ho
w

ed
 d

ec
re

as
ed

 a
ct

iv
at

io
n 

in
 a

nt
er

io
r 

ci
ng

ul
at

e,
 in

fe
ri

or
 f

ro
nt

al
 g

yr
us

, a
nd

 m
id

br
ai

n 
po

st
-t

x

D
oe

hr
m

an
n 

20
13

 (
SA

D
)

C
B

T
, 1

2 
w

k
fM

R
I,

 p
re

Pr
ed

ic
to

rs
: d

ur
in

g 
fa

ci
al

 a
nd

 e
m

ot
io

n 
pr

oc
es

si
ng

 ta
sk

, i
nc

re
as

ed
 a

ct
iv

ity
 in

 d
or

sa
l a

nd
 v

en
tr

al
 

oc
ci

pi
to

te
m

po
ra

l c
or

tic
es

 p
re

di
ct

ed
 r

es
po

ns
e 

to
 tx

Fe
lm

in
gh

am
 2

00
7 

(P
T

SD
) 

(F
, K

)
C

B
T

, 8
w

k
fM

R
I,

 p
re

, p
os

t
Fe

ar
 p

ro
ce

ss
in

g 
ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 r
os

tr
al

 a
nt

er
io

r 
ci

ng
ul

at
e 

ac
tiv

ity
 a

nd
 d

ec
re

as
ed

 
ac

tiv
at

io
n 

in
 r

ig
ht

 a
m

yg
da

la
 p

os
t-

tx

H
an

 2
01

2 
(O

L
G

 a
dd

ic
tio

n)
fa

m
ily

 tx
, 3

 w
k

fM
R

I,
 p

re
, p

os
t

Pa
re

nt
al

 lo
ve

 v
is

ua
l s

tim
ul

at
io

n 
ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 r
ig

ht
 c

au
da

te
 n

uc
le

us
 p

os
t-

tx

H
au

ne
r 

20
12

 (
Ph

-s
pi

de
r)

ex
po

su
re

 tx
, 1

s
fM

R
I,

 p
re

, p
os

t, 
6m

o
Sp

id
er

 im
ag

e 
vi

ew
in

g 
ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 r
ig

ht
 d

or
so

la
te

ra
l p

re
fr

on
ta

l c
or

te
x 

an
d 

de
cr

ea
se

d 
ac

tiv
at

io
n 

in
 a

m
yg

da
la

, i
ns

ul
a,

 c
in

gu
la

te
, a

nd
 v

en
tr

om
ed

ia
l p

re
fr

on
ta

l c
or

te
x 

po
st

-t
x;

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 
ri

gh
t d

or
so

la
te

ra
l p

re
fr

on
ta

l c
or

te
x 

an
d 

bi
la

te
ra

l f
us

if
or

m
/li

ng
ua

l g
yr

us
 r

eg
io

ns
 6

 m
on

th
s 

po
st

-t
x.

 P
re

di
ct

or
s:

 
ri

gh
t l

in
gu

al
 g

yr
us

 a
ct

iv
at

io
n 

du
ri

ng
 th

e 
sp

id
er

 im
ag

e 
vi

ew
in

g 
ta

sk
 im

m
ed

ia
te

ly
 p

os
t-

tx
 p

re
di

ct
ed

 r
es

po
ns

e 
to

 tx
 a

ft
er

 6
 m

on
th

s

Je
ns

en
 2

01
2 

(F
ib

ro
m

y)
A

C
T

, 1
2w

k
fM

R
I,

 f
cM

R
I,

 p
re

, p
os

t
Pa

in
 ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 le
ft

 in
fe

ri
or

 f
ro

nt
al

 g
yr

us
 p

os
t-

tx
; i

nc
re

as
ed

 v
en

tr
ol

at
er

al
 

pr
ef

ro
nt

al
–t

ha
la

m
ic

 c
on

ne
ct

iv
ity

 p
os

t-
tx

K
ir

ch
er

 2
01

3 
(P

an
ic

)
C

B
T

, 1
2s

fM
R

I,
 f

cM
R

I,
 p

re
, p

os
t

Fe
ar

 c
on

di
tio

ni
ng

 ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 le
ft

 in
fe

ri
or

 f
ro

nt
al

 g
yr

us
 p

os
t-

tx
; t

as
k 

ba
se

d 
fu

nc
tio

na
l c

on
ne

ct
iv

ity
 d

id
 n

ot
 s

ho
w

 c
ha

ng
es

 p
os

t-
tx

K
lu

m
pp

 2
01

3 
(S

A
D

)
C

B
T

, 1
2w

k
fM

R
I,

 p
re

, p
os

t
Pr

ed
ic

to
rs

: d
ur

in
g 

a 
fe

ar
fu

l f
ac

e 
em

ot
io

n 
ta

sk
 p

re
-t

x,
 a

ct
iv

at
io

ns
 in

 s
up

er
io

r 
an

d 
m

id
dl

e 
te

m
po

ra
l a

nd
 

in
fe

ri
or

 f
ro

nt
al

 g
yr

i, 
do

rs
al

 a
nt

er
io

r 
ci

ng
ul

at
e,

 d
or

so
m

ed
ia

l p
re

fr
on

ta
l a

nd
 o

rb
ito

fr
on

ta
l r

eg
io

ns
 p

re
di

ct
ed

 
re

sp
on

se
 to

 tx

L
in

da
ue

r 
20

05
 (

PT
SD

)
B

E
P,

 4
m

o
sM

R
I,

 p
re

, p
os

t
H

ip
po

ca
m

pa
l v

ol
um

es
 s

ho
w

ed
 n

o 
ch

an
ge

 a
ft

er
 tx

M
as

lo
w

sk
y 

20
10

 (
G

A
D

)
C

B
T

, 8
w

k
fM

R
I,

 p
re

, p
os

t
Fa

ci
al

 e
m

ot
io

ns
 ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ri
gh

t v
en

tr
ol

at
er

al
 p

re
fr

on
ta

l c
or

te
x 

ac
tiv

ity
 p

os
t-

tx

M
oh

r 
20

12
 (

M
S)

SM
T

, 2
4w

k
G

dM
R

I,
 p

re
, 2

4w
k 

po
st

G
d 

en
ha

nc
in

g 
br

ai
n 

le
si

on
s 

de
cr

ea
se

d 
du

ri
ng

 tx
, b

ut
 n

ot
 s

us
ta

in
ed

 p
os

t-
tx

Pa
qu

et
te

 2
00

3 
(P

h-
sp

id
er

) 
(B

, F
, K

, 
L

, R
)

C
B

T
, 4

w
k

fM
R

I,
 p

re
, p

os
t

Sp
id

er
 f

ilm
 v

ie
w

in
g 

ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 r
ig

ht
 d

or
so

la
te

ra
l p

re
fr

on
ta

l c
or

te
x 

an
d 

pa
ra

hi
pp

oc
am

pa
l g

yr
us

 p
os

t-
tx

Pa
rd

in
i 2

01
2 

(A
ut

is
m

)
C

T
, B

T
, A

A
C

, 6
yr

D
T

I-
M

R
I

In
cr

ea
se

d 
un

ci
na

te
 f

as
ic

ul
us

 f
ra

ct
io

na
l a

ni
so

tr
op

y 
co

rr
el

at
ed

 w
ith

 m
or

e 
tx

Sc
hi

en
le

 2
00

7 
(P

h-
sp

id
er

)
C

B
T

, 1
s

fM
R

I,
 p

re
, p

os
t

Sp
id

er
 im

ag
e 

vi
ew

in
g 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 m

ed
ia

l o
rb

ito
fr

on
ta

l c
or

te
x 

po
st

-t
x;

 s
ym

pt
om

 
re

du
ct

io
n 

co
rr

el
at

ed
 w

ith
 d

ec
re

as
ed

 a
ct

iv
at

io
ns

 in
 r

ig
ht

 a
m

yg
da

la
 a

nd
 le

ft
 in

su
la

.

Sc
hi

en
le

 2
00

9 
(P

h-
sp

id
er

)
C

B
T

, 1
s

fM
R

I,
 p

re
, 6

 m
o 

po
st

Sp
id

er
 im

ag
e 

vi
ew

in
g 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 m

ed
ia

l o
rb

ito
fr

on
ta

l c
or

te
x 

at
 6

 m
on

th
s 

po
st

-t
x

Sc
hn

el
l 2

00
7 

(B
PD

) 
(K

)
in

D
B

T
, 1

2w
k

fM
R

I,
 p

re
, p

os
t

E
m

ot
io

n 
ar

ou
sa

l t
as

k 
sh

ow
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 le
ft

 a
m

yg
da

la
 a

nd
 b

ila
te

ra
l h

ip
po

ca
m

pi
 p

os
t-

tx

Si
ni

at
ch

ki
n 

20
12

 (
A

D
H

D
)

R
C

T
, 1

0d
fM

R
I,

 p
re

, p
os

t
G

o/
N

o-
go

 ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 a

nt
er

io
r 

ci
ng

ul
at

e 
an

d 
do

rs
ol

at
er

al
 p

re
fr

on
ta

l c
or

te
x 

re
gi

on
s 

po
st

-t
x

St
ra

ub
e 

20
06

 (
Ph

-s
pi

de
r)

 (
B

, F
, K

, 
L

)
C

B
T

, 2
s

fM
R

I,
 p

re
, p

os
t

Sp
id

er
 f

ilm
 v

ie
w

in
g 

ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 in
su

la
 a

nd
 a

nt
er

io
r 

ci
ng

ul
at

e 
co

rt
ex

 p
os

t-
tx

V
an

 P
aa

ss
ch

en
 2

01
3(

A
D

)
C

R
, 8

w
k

fM
R

I,
 p

re
, p

os
t

Fa
ce

-n
am

e 
re

co
gn

iti
on

 ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 b

ila
te

ra
l i

ns
ul

a,
 le

ft
 m

id
dl

e 
fr

on
ta

l a
nd

 r
ig

ht
 

an
gu

la
r 

gy
ri

 p
os

t-
tx

V
oc

ks
 2

01
1 

(e
at

in
g)

C
B

T
, 1

0w
k

fM
R

I,
 p

re
, p

os
t

B
od

y 
im

ag
e 

vi
ew

in
g 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 le

ft
 m

id
dl

e 
te

m
po

ra
l a

nd
 b

ila
te

ra
l m

id
dl

e 
fr

on
ta

l 
gy

ri
 p

os
t-

tx

PE
T

Psychother Res. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

WEINGARTEN and STRAUMAN Page 41

St
ud

y
T

he
ra

py
Im

ag
in

g
R

es
ul

ts

C
er

ve
nk

a 
20

12
 (

SA
D

)
C

B
T

, 1
5w

k
PE

T
, p

re
, p

os
t

G
re

at
er

 c
ha

ng
e 

in
 d

op
am

in
e 

re
ce

pt
or

 b
in

di
ng

 p
ot

en
tia

l i
n 

m
ed

ia
l p

re
fr

on
ta

l c
or

te
x 

an
d 

hi
pp

oc
am

pu
s 

co
rr

el
at

ed
 w

ith
 d

ec
re

as
ed

 a
nx

ie
ty

 p
os

t-
tx

Fö
rs

te
r 

20
11

 (
M

C
I,

 A
D

)
C

I,
 6

m
o

PE
T

-F
D

G
, p

re
, p

os
t

R
es

tin
g 

m
et

ab
ol

is
m

 s
ho

w
ed

 le
ss

 d
ec

lin
e 

po
st

-t
x 

in
 c

om
pa

ri
so

n 
w

ith
 c

on
tr

ol
s

Fu
rm

ar
k 

20
02

 (
Ph

-s
oc

ia
l)

 (
F,

 K
, L

, 
R

)
C

B
T

, 9
w

k
PE

T
-H

20
, p

re
, p

os
t

Pu
bl

ic
 s

pe
ak

in
g 

ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 b

lo
od

 f
lo

w
 in

 b
ila

te
ra

l a
m

yg
da

la
 h

ip
po

ca
m

pu
s,

 a
nd

 s
ur

ro
un

di
ng

 
re

gi
on

s 
po

st
-t

x

Pr
aš

ko
 2

00
4 

(P
an

ic
) 

(B
, F

, K
, L

)
C

B
T

, 3
 m

o
PE

T
-F

D
G

, p
re

, p
os

t
R

es
tin

g 
m

et
ab

ol
is

m
 in

cr
ea

se
d 

in
 le

ft
 b

ra
in

 b
ut

 d
ec

re
as

ed
 in

 r
ig

ht
 b

ra
in

 r
eg

io
ns

Sa
ka

i 2
00

6 
(P

an
ic

) 
(K

)
C

B
T

, 6
m

o
PE

T
-F

D
G

, p
re

, p
os

t
R

es
tin

g 
m

et
ab

ol
is

m
 d

ec
re

as
ed

 in
 r

ig
ht

 h
ip

po
ca

m
pu

s 
an

d 
le

ft
 a

nt
er

io
r 

ci
ng

ul
at

e,
 c

er
eb

el
lu

m
, p

on
s 

po
st

-t
x;

 
in

cr
ea

se
d 

in
 b

ila
te

ra
l m

ed
ia

l p
re

fr
on

ta
l c

or
te

x 
po

st
-t

x

SP
E

C
T

L
aa

ts
ch

 1
99

9 
(T

B
I)

 (
R

)
C

R
hT

, 6
–3

6s
SP

E
C

T
, p

re
, e

nd
, 3

–1
2m

o 
po

st
R

es
tin

g 
bl

oo
d 

fl
ow

 in
 m

ul
tip

le
 r

eg
io

ns
 in

cr
ea

se
d 

po
st

 tx

L
in

da
ue

r 
20

08
 (

PT
SD

)
B

E
P,

 1
6w

k
SP

E
C

T
, p

re
, p

os
t

Pe
rs

on
al

 tr
au

m
a 

sc
ri

pt
 li

st
en

in
g 

ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 th
e 

ri
gh

t m
id

dl
e 

fr
on

ta
l g

yr
us

 p
os

t-
tx

Pe
re

s 
20

07
 (

PT
SD

)
ex

po
su

re
 tx

, 8
w

k
SP

E
C

T
, p

re
, p

os
t

M
em

or
y 

re
tr

ie
va

l t
as

k 
sh

ow
ed

 in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 b

ila
te

ra
l p

ar
ie

ta
l a

nd
 le

ft
 p

re
fr

on
ta

l, 
th

al
am

us
, a

nd
 

hi
pp

oc
am

pu
s 

re
gi

on
s,

 a
nd

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 le
ft

 a
m

yg
da

la
 p

os
t-

tx

N
ot

es
. N

eu
ro

im
ag

in
g 

st
ud

ie
s 

of
 p

sy
ch

ot
he

ra
py

 tr
ea

tm
en

ts
. S

tu
dy

. F
ir

st
 a

ut
ho

r 
of

 e
ac

h 
st

ud
y 

is
 g

iv
en

. N
ot

e 
is

 m
ad

e 
if

 th
e 

st
ud

y 
w

as
 in

cl
ud

ed
 in

 r
ev

ie
w

s 
by

 (
B

) 
B

ea
ur

eg
ar

d 
(2

00
7)

, (
F)

 F
re

w
en

 e
t a

l. 
(2

00
8)

, 
(K

) 
K

ar
ls

so
n 

(2
01

1)
, (

L
) 

L
in

de
n 

(2
00

6)
, (

R
) 

R
of

fm
an

 e
t a

l. 
(2

00
5)

. (
C

hi
ld

) 
=

 p
ed

ia
tr

ic
 s

tu
dy

. (
C

on
di

tio
ns

):
 A

D
 =

 A
lz

he
im

er
’s

 d
is

ea
se

, A
D

H
D

=
at

te
nt

io
n 

de
fi

ci
t h

yp
er

ac
tiv

ity
 d

is
or

de
r,

 A
tD

 =
 a

ty
pi

ca
l 

de
pr

es
si

on
, B

PD
 =

 b
or

de
rl

in
e 

pe
rs

on
al

ity
 d

is
or

de
r,

 C
FS

 =
 c

hr
on

ic
 f

at
ig

ue
 s

yn
dr

om
e,

 D
D

 =
 d

ou
bl

e 
de

pr
es

si
on

, f
ib

ro
m

y 
=

 f
ib

ro
m

ya
lg

ia
, G

A
D

 =
 g

en
er

al
iz

ed
 a

nx
ie

ty
 d

is
or

de
r,

 L
L

D
=

 la
te

 li
fe

 d
ep

re
ss

io
n,

 M
C

I 
=

 m
ild

 c
og

ni
tiv

e 
im

pa
ir

m
en

t, 
M

D
D

 =
 u

ni
po

la
r 

de
pr

es
si

on
, m

aj
or

 d
ep

re
ss

io
n,

 m
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
, M

S 
=

 m
ul

tip
le

 s
cl

er
os

is
, N

A
tD

 =
 N

on
 a

ty
pi

ca
l d

ep
re

ss
io

n,
 O

L
G

 a
dd

ic
tio

n 
=

 o
n-

lin
e 

ga
m

e 
ad

di
ct

io
n,

 
Ph

 =
 p

ho
bi

a,
 P

T
SD

 =
 p

os
ttr

au
m

at
ic

 s
tr

es
s 

di
so

rd
er

, S
A

D
 =

 s
oc

ia
l a

nx
ie

ty
 d

is
or

de
r,

 s
om

at
o 

=
 s

om
at

of
or

m
 d

is
or

de
r,

 S
U

D
 =

 s
ub

st
an

ce
 u

se
 d

is
or

de
r,

 T
B

I 
=

 tr
au

m
at

ic
 b

ra
in

 in
ju

ry
. T

he
ra

py
. I

n 
=

 in
-p

at
ie

nt
 

th
er

ap
y;

 d
 =

 d
ay

s,
 m

o 
=

 m
on

th
s,

 s
 =

 s
es

si
on

s,
 w

k 
=

 w
ee

ks
, y

r 
=

 y
ea

rs
. A

A
C

 =
 a

ug
m

en
ta

tiv
e 

an
d 

al
te

rn
at

iv
e 

co
m

m
un

ic
at

io
n 

th
er

ap
y,

 A
C

T
 =

 a
cc

ep
ta

nc
e 

an
d 

co
m

m
itm

en
t t

he
ra

py
, B

A
T

 =
 b

eh
av

io
ra

l 
ac

tiv
at

io
n 

th
er

ap
y,

 B
E

P 
=

 b
ri

ef
 e

cl
ec

tic
 p

sy
ch

ot
he

ra
py

, B
T

 =
 b

eh
av

io
ra

l t
he

ra
py

, C
B

T
 =

 c
og

ni
tiv

e 
or

 c
og

ni
tiv

e 
be

ha
vi

or
al

 th
er

ap
y,

 C
E

T
 =

 c
og

ni
tiv

e 
en

ha
nc

em
en

t t
he

ra
py

, C
I 

=
 c

og
ni

tiv
e 

in
te

rv
en

tio
n,

 C
R

 =
 

co
gn

iti
ve

 r
eh

ab
ili

ta
tio

n,
 C

R
hT

 =
 c

og
ni

tiv
e 

re
ha

bi
lit

at
io

n 
th

er
ap

y,
 C

R
T

=
 c

og
ni

tiv
e 

re
m

ed
ia

tio
n 

th
er

ap
y,

 D
B

T
 =

 d
ia

le
ct

ic
 b

eh
ai

or
 th

er
ap

y,
 I

PT
 =

 in
te

rp
er

so
na

l t
he

ra
py

, N
PR

 =
 n

eu
ro

ps
yc

ho
lo

gi
ca

l 
re

ha
bi

lit
at

io
n,

 P
ST

 =
 p

ro
bl

em
 s

ol
vi

ng
 th

er
ap

y,
 P

SY
 =

 p
sy

ch
od

yn
am

ic
 p

sy
ch

ot
he

ra
py

, R
C

T
 =

 r
es

po
ns

e 
co

st
 a

nd
 to

ke
n 

ap
pr

oa
ch

, R
E

M
 =

 c
og

ni
tiv

e 
re

m
ed

ia
tio

n 
tr

ai
ni

ng
, S

M
T

 =
 s

tr
es

s 
m

an
ag

em
en

t t
he

ra
py

. 
Im

ag
in

g.
 C

T
-X

e 
=

 x
en

on
 e

nh
an

ce
d 

co
m

pu
te

d 
to

m
og

ra
ph

y,
 D

T
I-

M
R

I 
=

 d
if

fu
si

on
 te

ns
or

 im
ag

in
g 

m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g,
 f

M
R

I 
=

 f
un

ct
io

na
l M

R
I,

 f
cM

R
I 

=
 f

un
ct

io
na

l c
on

ne
ct

iv
ity

 M
R

I,
 G

dM
R

I 
=

 

ga
do

lin
iu

m
 e

nh
an

ce
d 

M
R

I,
 1

H
-M

R
S 

=
 p

ro
to

n 
m

ag
ne

tic
 r

es
on

an
ce

 s
pe

ct
ro

sc
op

y,
 P

E
T

 =
 p

os
itr

on
 e

m
is

si
on

 to
m

og
ra

ph
y,

 P
E

T
-F

D
G

 =
 P

E
T

 f
lu

or
od

eo
xy

gl
uc

os
e,

 s
M

R
I 

=
 s

tr
uc

tu
ra

l M
R

I,
 S

PE
C

T
 =

 s
in

gl
e 

ph
ot

on
 e

m
is

si
on

 c
om

pu
te

d 
to

m
og

ra
ph

y.
 P

re
 =

 s
ca

ns
 c

on
du

ct
ed

 b
ef

or
e 

th
er

ap
y;

 p
os

t =
 s

ca
ns

 c
on

du
ct

ed
 a

t o
r 

im
m

ed
ia

te
ly

 a
ft

er
 th

e 
en

d 
of

 th
er

ap
y;

 s
pe

ci
fi

ed
 le

ng
th

 o
f 

tim
e 

in
di

ca
te

s 
lo

ng
er

-t
er

m
 f

ol
lo

w
-u

p 
sc

an
s.

 R
es

ul
ts

. A
 f

ew
 e

xa
m

pl
es

 o
f 

re
su

lts
 f

ro
m

 e
ac

h 
st

ud
y 

ar
e 

pr
es

en
te

d.

Psychother Res. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

WEINGARTEN and STRAUMAN Page 42

T
ab

le
 2

O
th

er
 p

sy
ch

ol
og

ic
al

 th
er

ap
ie

s:
 m

in
df

ul
ne

ss
, m

ed
ita

tio
n,

 y
og

a

St
ud

y
T

he
ra

py
Im

ag
in

g
R

es
ul

ts

M
R

I

A
lle

n 
20

12
 (

he
al

th
y)

M
T

, 6
w

k
fM

R
I,

 p
re

, p
os

t
A

ff
ec

tiv
e 

St
ro

op
 ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 d
or

so
la

te
ra

l p
re

fr
on

ta
l c

or
te

x 
du

ri
ng

 e
xe

cu
tiv

e 
pr

oc
es

si
ng

 p
os

t-
tx

; 
pr

ed
ic

to
r:

 d
ur

in
g 

ne
ga

tiv
e 

em
ot

io
n 

pr
oc

es
si

ng
, i

nc
re

as
ed

 m
in

ut
es

 o
f 

M
T

 p
ra

ct
ic

e 
pr

ed
ic

te
d 

in
cr

ea
se

d 
ac

tiv
at

io
n 

in
 

do
rs

ol
at

er
al

 p
re

fr
on

ta
l, 

an
te

ri
or

 in
su

la
, a

nd
 m

ed
ia

l p
re

fr
on

ta
l r

eg
io

ns

B
re

w
er

 2
01

1 
(h

ea
lth

y)
C

, C
A

, L
K

, >
10

yr
fM

R
I,

 f
cM

R
I,

 p
os

t
M

ed
ita

tio
n 

ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

ct
iv

at
io

n 
in

 m
ed

ia
l p

re
fr

on
ta

l a
nd

 p
os

te
ri

or
 c

in
gu

la
te

 c
or

tic
es

; r
es

tin
g 

or
 m

ed
ita

tio
n 

sh
ow

ed
 in

cr
ea

se
d 

fu
nc

tio
na

l c
on

ne
ct

iv
ity

 b
et

w
ee

n 
po

st
er

io
r 

ci
ng

ul
at

e,
 d

or
sa

l a
nt

er
io

r 
ci

ng
ul

at
e,

 a
nd

 d
or

so
la

te
ra

l 
pr

ef
ro

nt
al

 c
or

te
x

Fa
rb

* 2
01

0 
(s

tr
es

s)
M

B
SR

, 8
w

k
fM

R
I,

 p
os

t
Sa

d 
m

ov
ie

 v
ie

w
in

g 
ta

sk
 s

ho
w

ed
 d

ec
re

as
e 

re
sp

on
se

s 
in

 c
or

tic
al

 m
id

lin
e 

re
gi

on
s 

an
d 

W
er

ni
ck

e’
s 

an
d 

B
ro

ca
’s

 la
ng

ua
ge

 
re

gi
on

s 
po

st
-t

x

G
ol

di
n*

20
10

 (
SA

D
)

M
B

SR
,2

m
o

fM
R

I,
 p

re
, p

os
t

B
re

at
h 

at
te

nt
io

n 
ta

sk
 s

ho
w

ed
 in

cr
ea

se
d 

ac
tiv

at
io

n 
in

 p
ar

ah
ip

po
ca

m
pu

s,
 m

id
dl

e 
oc

ci
pi

ta
l g

yr
us

, i
nf

er
io

r 
an

d 
su

pe
ri

or
 

pa
ri

et
al

 lo
bu

le
, c

un
eu

s/
pr

ec
un

eu
s 

po
st

-t
x

H
ol

ze
l*

20
10

 (
st

re
ss

)
M

B
SR

, 8
w

k
sM

R
I,

 p
re

, p
os

t
D

ec
re

as
ed

 g
ra

y 
m

at
te

r 
de

ns
ity

 in
 r

ig
ht

 b
as

ol
at

er
al

 a
m

yg
da

la
 p

os
t-

tx

Ja
ng

 2
01

1 
(h

ea
lth

y)
B

W
V

M
, 4

0m
o

fc
M

R
I,

 p
os

t
R

es
tin

g 
st

at
e 

sh
ow

ed
 in

cr
ea

se
d 

fu
nc

tio
na

l c
on

ne
ct

iv
ity

 to
 m

ed
ia

l p
re

fr
on

ta
l c

or
te

x 
ar

ea
 w

ith
in

 d
ef

au
lt 

m
od

e 
ne

tw
or

k

Jo
si

po
vi

c 
20

12
 (

he
al

th
y)

FA
, N

D
A

, >
8y

r
fc

M
R

I,
 p

os
t

Fo
cu

se
d 

at
te

nt
io

n 
m

ed
ita

tio
n 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
an

ti-
co

rr
el

at
io

n 
of

 f
un

ct
io

na
l c

on
ne

ct
iv

ity
 b

et
w

ee
n 

ex
tr

in
si

c 
(t

as
k 

po
si

tiv
e)

 a
nd

 in
tr

in
si

c 
(t

as
k 

ne
ga

tiv
e,

 d
ef

au
lt 

m
od

e)
 n

et
w

or
ks

; n
on

du
al

 a
w

ar
en

es
s 

ta
sk

 s
ho

w
ed

 d
ec

re
as

ed
 a

nt
i-

co
rr

el
at

io
n 

be
tw

ee
n 

ex
tr

in
si

c 
an

d 
in

tr
in

si
c 

ne
tw

or
ks

K
ilp

at
ri

ck
* 2

01
1 

(h
ea

lth
y)

M
B

SR
, 8

w
k

fc
M

R
I,

 p
os

t
L

is
te

ni
ng

 ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
fu

nc
tio

na
l c

on
ne

ct
iv

ity
 in

 a
ud

ito
ry

 a
nd

 v
is

ua
l n

et
w

or
ks

; i
nc

re
as

ed
 a

nt
i-

co
rr

el
at

io
ns

 
be

tw
ee

n 
au

di
to

ry
 a

nd
 v

is
ua

l c
or

te
x,

 a
nd

 b
et

w
ee

n 
au

di
to

ry
 c

or
te

x 
an

d 
an

te
ri

or
 d

ef
au

lt 
m

od
e 

ne
tw

or
k 

po
st

-t
x

L
ud

er
s 

20
11

 (
he

al
th

y)
M

, 5
–4

6y
r

D
T

I-
M

R
I,

 p
os

t
In

cr
ea

se
d 

fr
ac

tio
na

l a
ni

so
tr

op
y 

in
 s

up
er

io
r 

lo
ng

itu
di

na
l f

as
ic

ul
us

, c
or

tic
os

pi
na

l t
ra

ct
, u

nc
in

at
e 

fa
si

cu
lu

s

L
ud

er
s 

20
12

 (
he

al
th

y)
M

, 5
–4

6y
r

sM
R

I,
 D

T
I-

M
R

I,
 p

os
t

In
cr

ea
se

d 
co

rp
us

 c
al

lo
su

m
 th

ic
kn

es
s 

an
d 

fr
ac

tio
na

l a
ni

so
tr

op
y

L
ut

z 
20

13
 (

he
al

th
y)

M
, 1

s
fM

R
I,

 p
os

t
E

m
ot

io
na

l e
xp

ec
ta

tio
n 

ta
sk

 s
ho

w
ed

 in
cr

ea
se

d 
pr

ef
ro

nt
al

 a
ct

iv
at

io
n 

po
st

-t
x;

 d
or

so
m

ed
ia

l p
re

fr
on

ta
l a

nd
 in

su
la

 a
ct

iv
at

io
ns

 
de

cr
ea

se
d 

w
ith

 in
cr

ea
si

ng
 tr

ai
t m

in
df

ul
ne

ss

T
an

g 
20

12
 (

he
al

th
y)

IB
M

T
, 2

w
k,

 4
w

k
D

T
I-

M
R

I,
 p

re
, p

os
t

R
eg

io
ns

 a
ro

un
d 

th
e 

an
te

ri
or

 c
in

gu
la

te
 g

yr
us

 s
ho

w
ed

 d
ec

re
as

ed
 a

xi
al

 d
if

fu
si

vi
ty

 a
ft

er
 2

w
ee

ks
 tx

; d
ec

re
as

ed
 r

ad
ia

l 
di

ff
us

iv
ity

 a
nd

 in
cr

ea
se

d 
fr

ac
tio

na
l a

ni
so

tr
op

y 
af

te
r 

4 
w

ee
ks

 tx

T
ay

lo
r 

20
11

 (
he

al
th

y)
Z

en
, >

10
00

hr
; M

M
, 7

d
fM

R
I,

 p
os

t
M

in
df

ul
 e

m
ot

io
n 

pr
oc

es
si

ng
 ta

sk
s 

sh
ow

ed
 th

at
 a

ct
iv

at
io

ns
 d

ec
re

as
ed

 in
 m

ed
ia

l p
re

fr
on

ta
l a

nd
 p

os
te

ri
or

 c
in

gu
la

te
 c

or
tic

es
 

in
 e

xp
er

ie
nc

ed
 m

ed
ita

to
rs

; d
ec

re
as

ed
 in

 le
ft

 a
m

yg
da

la
 in

 b
eg

in
ne

rs

W
an

g 
20

11
(h

ea
lth

y)
K

un
, >

30
yr

A
SL

-M
R

I
M

ed
ita

tio
n 

ta
sk

 s
ho

w
ed

 c
ha

ng
es

 in
 b

lo
od

 f
lo

w
 in

 f
ro

nt
al

, a
nt

er
io

r 
ci

ng
ul

at
e,

 li
m

bi
c,

 a
nd

 p
ar

ie
ta

l l
ob

es

SP
E

C
T

M
os

s*
20

12
 (

M
C

I)
K

K
, 8

w
k

SP
E

C
T

, p
re

, p
os

t
R

es
tin

g 
bl

oo
d 

fl
ow

 in
cr

ea
se

d 
in

 m
ul

tip
le

 r
eg

io
ns

 p
os

t-
tx

 a
nd

 c
or

re
la

te
d 

w
ith

 c
ha

ng
es

 in
 m

ea
su

re
s 

of
 te

ns
io

n,
 d

ep
re

ss
io

n,
 

fa
tig

ue
, a

nd
 a

ng
er

N
ot

es
. N

eu
ro

im
ag

in
g 

st
ud

ie
s 

of
 o

th
er

 p
sy

ch
ol

og
ic

al
 in

te
rv

en
tio

ns
 (

m
in

df
ul

ne
ss

, m
ed

ita
tio

n,
 y

og
a)

 s
el

ec
te

d 
fr

om
 s

tu
di

es
 p

ub
lis

he
d 

20
10

 to
 p

re
se

nt
.

* st
ud

y 
id

en
tif

ie
d 

fr
om

 P
ub

m
ed

 s
ea

rc
he

s.
 tx

=
 th

er
ap

y 
or

 in
te

rv
en

tio
n.

St
ud

y.
 F

ir
st

 a
ut

ho
r 

of
 e

ac
h 

st
ud

y 
is

 g
iv

en
. (

C
on

di
tio

n)
: M

C
I 

=
 m

ild
 c

og
ni

tiv
e 

im
pa

ir
m

en
t, 

SA
D

 =
 s

oc
ia

l a
nx

ie
ty

 d
is

or
de

r,
 s

tr
es

s 
=

 n
or

m
al

 p
ar

tic
ip

an
ts

 s
ee

ki
ng

 s
tr

es
s 

re
du

ct
io

n 
pr

og
ra

m
s.

 T
he

ra
py

. D
 =

 
da

ys
, h

r 
=

 h
ou

rs
, m

o 
=

m
on

th
s,

 s
=

se
ss

io
ns

, w
k 

=
 w

ee
ks

, y
r 

=
 y

ea
rs

. B
W

V
M

 =
 b

ra
in

 w
av

e 
vi

br
at

io
n 

m
in

d-
bo

dy
, C

 =
 c

on
ce

nt
ra

tio
n 

m
ed

ita
tio

n,
 C

A
 =

 c
ho

ic
el

es
s 

aw
ar

en
es

s 
m

ed
ita

tio
n,

 F
A

 =
 f

oc
us

ed
 a

tte
nt

io
n,

 

Psychother Res. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

WEINGARTEN and STRAUMAN Page 43
IB

M
T

 =
 in

te
gr

at
iv

e 
bo

dy
-m

in
d 

tr
ai

ni
ng

, K
K

 =
 K

ir
ta

n 
kr

iy
a,

 K
un

 =
 k

un
da

lin
i y

og
a,

 L
K

 =
 lo

vi
ng

 k
in

dn
es

s 
m

ed
ita

tio
n,

 M
 =

 m
ed

ita
tio

n 
un

sp
ec

if
ie

d,
 M

B
SR

 =
 m

in
df

ul
ne

ss
-b

as
ed

 s
tr

es
s 

re
du

ct
io

n,
 M

T
 =

 
m

in
df

ul
ne

ss
 tr

ai
ni

ng
, N

D
A

 =
 n

on
du

al
 a

w
ar

en
es

s.
 I

m
ag

in
g.

 A
SL

 –
 M

R
I 

=
 A

rt
er

ia
l s

pi
n 

la
be

lin
g 

m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g,
 D

T
I-

M
R

I 
=

 d
if

fu
si

on
 te

ns
or

 im
ag

in
g 

M
R

I,
 f

M
R

I 
=

 f
un

ct
io

na
l M

R
I,

 
fc

M
R

I=
fu

nc
tio

na
l c

on
ne

ct
iv

ity
 M

R
I,

 s
M

R
I 

=
 s

tr
uc

tu
ra

l M
R

I,
 S

PE
C

T
=

si
ng

le
 p

ho
to

n 
em

is
si

on
 c

om
pu

te
d 

to
m

og
ra

ph
y.

 R
es

ul
ts

. A
 f

ew
 e

xa
m

pl
es

 o
f 

re
su

lts
 f

ro
m

 e
ac

h 
st

ud
y 

ar
e 

pr
es

en
te

d.

Psychother Res. Author manuscript; available in PMC 2016 March 01.


