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Abstract
A 29-year-old woman presented with head and neck dystonia, as well as functional seizures. The patient was an active military
service member with a history of combat-related trauma. Resting blood oxygen level dependent (BOLD) functional MRI (fMRI)
scans of the brain demonstrated an increased anterior cingulate component of the salience network and hyper-connectivity
between the insula and cingulate. Following neurological and psychiatric evaluation, she was diagnosed with dissociative
post-traumatic stress disorder, partially presenting as a functional movement disorder. Inhibitory repetitive transcranial magnetic
stimulation (rTMS) was prescribed with the anterior cingulate as the primary target, and supplementary motor and premotor
cortices as secondary targets. The treatment was intended to suppress tremors both directly and indirectly. Thirty-six sessions
later, her symptoms were in remission, and she returned to active duty. This case demonstrates the potential efficacy of fMRIguided rTMS in the treatment of dissociative PTSD.
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Introduction
Post-traumatic stress disorder (PTSD) affects approximately
11.1% of the civilian population and 24.5% of veterans [33]. It
typically presents as chronic intermittent hyper-arousal accompanied by involuntary repetitive recall of traumatic
events. These symptoms are associated with activation in the
amygdala, hippocampal formation, and other components of
the limbic system [2]. In healthy individuals, the cingulate
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mediates the aversive response to traumatic stimuli, reducing
amygdala activation [19]. It has been suggested that PTSD
patients are unable to regulate their fear response due to dysfunction of the anterior cingulate; many even have reduced
anterior cingulate cortex volume compared to controls [35].
One prevalent theory proposes that an amygdala-locus
coeruleus-anterior cingulate circuit may be responsible for
the pathology of this hyper-vigilant form of PTSD. The model
postulates that efferent noradrenergic projections out of the
locus coeruleus dampen anterior cingulate function, causing
the exaggerated emotional and behavioral responses typical of
PTSD [10]. PTSD has serious health implications; it is associated with increased risk for chronic musculoskeletal pain,
hypertension, hyperlipidaemia, obesity, cardiovascular disease, and suicidality [21, 30].
A small subset of patients (approximately 14.4% based on
World Mental Health Surveys) experiences a dissociative subtype of PTSD, which is characterized by an over-suppression
of the fear response. Instead of becoming excessively vigilant
and anxious, they may experience symptoms related to depersonalization and derealization. Dissociation may be a coping
strategy to restrain extreme arousal in PTSD through hyperinhibition [13]. Nicholson et al. [23] conceptualize this subtype as enhanced top-down regulation of bottom-up fear
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processes. Dissociative PTSD is associated with childhood
trauma exposure and comorbid psychiatric disorders such as
depression. It is also more likely to affect females and people
who do not racially identify as white [34].
Military exposures frequently result in dissociative issues.
An analysis of Vietnam War veterans exposed to trauma found
that 32% of veterans with PTSD had discrete dissociation.
Another study discovered higher levels of dissociation in
combat-related PTSD cases than non-combat-related cases;
even in subjects without PTSD, combat exposure was associated with more dissociation [26]. Veterans with PTSD already
have a worse quality of life than other veterans; they suffer
from poorer health, increased disability, and greater functional
impairment. Dissociation worsens their outcomes: increased
PTSD symptom severity, more drug abuse issues, and additional psychiatric comorbidities. Dissociation is most predictive of functional impairment in veterans and is correlated
with worse cognitive performance in memory, attention, and
executive function tasks [3].
The dissociative subtype of PTSD has unique neurobiological correlates, mainly in the limbic and prefrontal regions
[16]. Trauma reminders are correlated negatively with right
anterior insula activation and positively with medial prefrontal
and dorsal anterior cingulate cortex activation [17]. Other neuroimaging studies have found increased connectivity between
the amygdala and prefrontal regions involved in emotional
regulation, as well as between the amygdala and
periaqueductal gray, which is involved in fear processing
[11, 22]. Daniels et al. [6] also found increased gray matter
volume in the right middle frontal gyrus, an area which
downregulates emotional arousal, and decreased gray matter
volume in the right inferior temporal gyrus, which is involved
in visual processing and object recognition. Additional changes related to dissociative episodes occur in the stria terminalis,
cerebellum, vestibular nuclei, and other functional associated
regions [12, 28, 29].
Many treatments have been attempted to help this relatively
refractory group of PTSD patients, including cognitive processing therapy (CPT), prolonged exposure (PE), eye movement desensitization and reprocessing (EMDR), and narrative
exposure therapy (NET) [31]. Although exposure-based treatments have proven fairly effective for non-dissociative PTSD,
dissociative patients typically end treatment with higher
symptom severity and may lose gains [5]. Studies suggest that
dissociative pathologies may prevent emotional engagement
with trauma-related information, undermining CPT’s effectiveness [17, 18]. New options specific to the dissociative
PTSD neuropathology are needed.
Transcranial magnetic stimulation may be a promising
technique for treating dissociative PTSD considering early
successes using TMS to treat classical PTSD patients [24].
Osuch et al. [25] found a greater improvement for hyperarousal symptoms in PTSD patients with rTMS compared

with sham, and Kozel et al. [15] corroborated this finding by
establishing the superior effectiveness of CPT and rTMS on
the right dorsolateral prefrontal cortex as opposed to CPT and
sham (sustained up to 6 months afterward). These studies
suggest that rTMS may have some applicability to dissociative PTSD as well, though likely with different targets.
Dissociative disorders are frequently accompanied by
movement disorders. Unexplained motor symptoms are the
most common predecessors to emergency psychiatric admissions for dissociative patients [4]. rTMS has been successfully
used to treat functional movement disorders. Although the
pathology is unclear and the presentation is heterogeneous,
one theory of dystonia asserts that hyperexcitability of the
contralateral motor cortex triggers the disorder, which is characterized by sustained abnormal muscle contraction. The application of rTMS on the contralateral premotor cortex and
supplementary motor area has been used to reduce motor cortex excitability [1, 20]. As the site of self-initiated voluntary
movement, the supplementary motor area has become a common TMS target used to treat movement disorders such as
Parkinson’s disease [7, 9].
The present case of dissociative PTSD due to military exposure was characterized by a functional movement disorder
including torticollis and prolonged recurrent total body clonic
spasms. TMS targeting the cingulate, premotor, and supplementary motor cortex was applied in attempts to treat the
dissociative PTSD and dystonic movements.

Methodology
Data acquisition
All structural and functional data was acquired on a 1.5 T
Siemens Espree scanner with a 16-channel head coil
(Erangen, Germany). The structural images were acquired in
high spatial resolution in order to properly align subject data to
standard atlas space. The structural data was a magnetizationprepared, rapid-acquisition gradient-echo (MPRAGE) T1weighted sequence (TR = 1810 ms; TE = 3.50 ms; FoV =
180 × 240 mm; resolution 1 mm isotropic). BOLD image
acquisitions were 8 min and 20 s long. The functional sequence was acquired while the subject was at rest (TR =
2500 ms; TE = 30 ms; FoV = 192 × 192 mm; resolution
4 mm isotropic; 200 spatial volumes).

Resting BOLD preparation
The fMRI data was cleaned in order to produce interpretable
results. Preprocessing was done using tools from the FMRIB
Software Library [14, 32, 36]. The skull was de-stripped from
the brain; the image was motion corrected and realigned to the
middle volume using MCFLIRT; the global mean signal was
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conditions were excluded. All study procedures were IRB
approved and all participants provided written informed
consent.

Case description

Fig. 1 Functional connectivity map: unilateral insula seed with hyperconnectivity to the anterior cingulate

normalized; and finally it was spatial smoothed with 5 mm
FWHM. To further correct for motion artifact, the independent
component analysis strategy for automatic removal of motion
artifact (ICA-AROMA) was used [27]. A high pass filter was
also applied.

Statistical analysis
Functional connectivity, also known as seed analysis, is a
method that has been widely implemented to analyze BOLD
imaging. It correlates temporal fluctuations in the BOLD signal between a seed of interest and spatially distinct brain regions. This method is used to identify functional relationships
between neuroanatomical structures, resulting in a connectivity map. Given the role of the amygdala and insula in mediating anxiety, both were selected, independently and unilaterally, as functional connectivity seeds in order to investigate
PTSD networks.
Functional connectivity maps may also be used to differentiate subject groups using group analysis. In the case of this
patient, each functional connectivity map was compared with
a control groups’ corresponding functional connectivity map.
The control group consisted of 47 non-psychiatric subjects
recruited from Los Angeles Neurology clinics. Subjects with
head trauma, neurodegenerative disorders, or psychiatric
Fig. 2 Statistical functional
connectivity map: left and right
insula seeds with hyperconnectivity to the anterior
cingulate

Patient was a 29 year-old woman and active air force service
member with a history of combat-related trauma. She experienced difficulty with a military training course due to a recurring
muscle spasm in the right side of the face, as well as limited neck
rotation and extension. She also suffered from right arm tremors,
body jerks, and on a few occasions, a full body spasm. Symptom
onset was triggered by loud alarms sounding. After a particularly
acute episode, patient demonstrated slow repetitive speech and
global weakness in all four extremities. She experienced persistent muscle spasms in head and neck muscles, predominantly on
right side after the incident. She had no history of stroke or
seizure disorder (confirmed with EEG). A variety of medications
proved ineffective, including clonazepam, Baclofen, Sinemet,
Flexeril, and pain medications. Her multi-focal dystonia symptoms persisted without modifying factors or trick maneuvers,
except in sleep.
Patient did not report being anxious, and no acute signs of
anxiety were apparent, although she was mildly depressed.
Her medical imaging study included a T1 structural image,
T2 Flair, resting blood oxygen level dependent (BOLD) functional MRI (fMRI), and arterial spin labeling (ASL). The anatomical and ASL images were unremarkable. Although the
default mode network appeared normal, the salience network,
identified from resting BOLD using independent components
analysis, showed hyper-connectivity of the anterior cingulate
and insula (Fig. 1). A functional connectivity analysis using
unilateral insula as the seed region confirmed hyperconnectivity to the anterior cingulate. Findings were similar
for both left and right insula functional connectivity. A seed
analysis of the amygdala appeared normal.
Group analysis confirmed hyper-connectivity between the
insula and anterior cingulate, as well as minimal contralateral
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Fig. 3 Statistical functional
connectivity map: left and right
amygdala seeds with relatively
little connectivity to contralateral
amygdala

amygdala connectivity. The z-score maps below demonstrate
statistically significant unusual connectivity between the
insula and anterior cingulate for both the left and right insula
seed regions (Fig. 2). We performed the same statistical analysis on the patient’s BOLD imaging using the left and right
amygdala as seed regions, and confirmed minimal activation
in the contralateral amygdala (Fig. 3).
The patient was diagnosed with dissociative PTSD accompanied by functional dystonia. After failing various treatments
including psychotherapy, exposure therapy, and counseling,
she was prescribed inhibitory rTMS with cingulate as primary
target and supplementary motor area (SMA) and premotor
cortex (PMC) as secondary targets. She had 36 rTMS sessions
at 1 Hz over the course of 2 months: 36 cingulate, 2 PMC
(right and left), and 32 supplementary motor area treatments.
Treatment led to more articulate speech, reduced motor
twitching, and improved mood as recorded by the following
questionnaires: Beck Depression Inventory 2 (BDI-2),
Generalized Anxiety Disorder 7 (GAD-7), Patient Health
Questionnaire 9 (PHQ-9), Beck Anxiety Inventory (BAI),
and Toronto Western Spasmodic Torticollis Rating Scale
(TWSTRS) (Fig. 4). She reported a Global Rating of
Change (GRC) of 1, reflecting a positive improvement.
After 36 TMS sessions, she was able to return to active duty.
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Fig. 4 Questionnaire results: before and after TMS treatment

Discussion
The present case study demonstrates a dissociative form of
PTSD with a functional movement disorder. Lack of experiential anxiety and amygdala activation suggested that the patient was suffering from a dissociative subtype of PTSD; this
hypothesis was supported by the discovery of hyperconnectivity between the anterior cingulate and insula, which
suggests over-suppression of the fear response. Additionally,
as a woman of color with military exposure and depression,
the patient is in a more high-risk demographic category for
dissociative PTSD [34].
The patient was prescribed inhibitory rTMS with the anterior cingulate as the primary target. This treatment aimed to
counterbalance the excessive activation of the anterior cingulate seen in her neuroimaging, and by extension, to decrease
over-inhibition of the amygdala. She was monitored for any
subsequent increase in anxiety, but none occurred. Inhibitory
rTMS was also prescribed for the supplementary and
premotor motor cortices to help reduce the dystonic symptoms
directly by downregulating internally generated movement.
Her mood and motor control improved greatly during the
course of treatment. After 2 months, her emotional and physical symptoms subsided sufficiently that she was able to return
to active duty.
Although the exact mechanisms behind her dystonia remain unclear, Enders et al. [8] suggested that anxiety and
dystonia might share common pathophysiological mechanisms, which in this case may have allowed suppressed activation in the amygdala to infect motor processes. Whether this
was the result of a direct neurophysiological relationship between anxiety and dystonia, or an indirect relationship mediated by operantly reinforced avoidant behaviors, is uncertain.
This phenomenon requires further research.
This case demonstrates the potential power of rTMS to
treat dissociative PTSD. To our knowledge, this methodology
is novel in the world of dissociative PTSD and presents a
useful alternative to therapy-based approaches that do not apply well to this specific subtype. As a case report, this study is
limited to a single subject and is not controlled or blinded,
which limits generalizability. Further studies are needed to
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explore the application of rTMS in dissociative PTSD and
more fully validate this treatment technique.
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