The Clinical Blueprint:
| Neurobiology & Integrated
f& Management of Trauma,

- MTBI, and Chronic Pain

/ Synthesized clinical pathways derived from
b recent systematic reviews, neurobiological

network mapping, and evidence-based
integrated care models. Designed for
clinical implementation.
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Practical Takeaway: Shift clinical perspective from isolated symptom management to
integrated, neurobiologically-informed systems care.
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The Clinical Blueprint

The Epidemiological Intersection

_ Pain & PTSD
PTSD & Pain 9.7% of chronic pain
25% to 80% of individuals patients have PTSD, rising
with PTSD experience to 20.5% in chronic

comorbid chronic pain.

widespread pain profiles.

MTBI Overlap

Mild Traumatic Brain Injury compounds
these conditions, signitjicantly escalating
sleep disturbances and sensory
sensitivities.

Practical Takeaway
In patients presenting with chronic widespread pain or MTBI, systematic screening for PTSD is

clinically mandatory, not optional.
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The Clinical Blueprint ‘

The Foundational Vulnerability: Early Life Adversity

Single-Incident Traumas
Early Life Adult

Adversity Chronicity

Neglect & Emotional Abuse

Neuroplastic Shift The PLOS One Finding Central Sensitization
Childhood trauma Cumulative childhood Early adversity enhances
permanently alters dynamic maltreatment—specifically central sensitization, creating
pain sensitivity and neglect and emotional abuse a lifelong vulnerability to

pain modulation —indirectly predicts adult centery neeability to
processes. quantitative and qualitative pain nociplastic pain.

reports via a PTSD severity
mediation effect.

Practical Takeaway

Clinical intake assessments must differentiate systemic childhood neglect and emotional abuse
from single-incident Criterion A traumas.
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The Mutual Maintenance Model :

Serves as a direct physiological
reminder of trauma, triggering
threat detection.

Node 1:
Pain
Experience

Triggers the Perpetual A . ‘
Avoidance Model, increasing Node 3: Node 2: enerates pain

physiological tension, | Hyperarousal / Trauma Recall /| Catastrophizing and iliness-
reducing conditioning, and Avoidance Catastrophizing| focused pain coping.

amplifying pain. W

Practical Takeaway

Interrupting any single node of the cycle (e.g., targeting pain catastrophizing via CBT) can
actively degrade the entire pathogenic feedback loop.
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The Core Mechanism:
Central vs. Peripheral Sensitization

Peripheral Sensitization

[l Expansion of peripheral receptive fields and b a
local inflammation at the nociceptor level. within the Central Nervous System.

Pathological amplification of neural signaling\'—

Clinical Manifestations: Characterized by hyperalgesia (heightened pain to painful stimuli),
allodynia (pain from non-painful stimuli like light touch), and temporal summation of pain (TSP).

Assess for “nociplastic pain”"—pain arising from altered nociception without

Practical Ta keaway actual tissue damage or specific somatosensory lesions.
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Sensitization Profiles Across
Diagnostic Cateqgories

Pain
(Nociceptive)

Dysfunctional pain modulation and lack of conditioned
pain modulation (CPM).

MTBI
@})) (Sensory)

Multi-Modal Sensory Hypersensitivity. Subjective
heightened sensitivity to light, sound, and motion due to
an imbalance in excitatory neurotransmitters.

=\ | PTSD
| ((((0))) ) (Perceptual)

Hyper-reactivity in the “perceptual fear response.” Mild
threats trigger disproportionate danger perceptions due
to a loss of somatostatinergic inhibitory interneurons.

Treat sensory complaints (e.g., photophobia post-MTBI) as physical

Practical Takeaway markers of network sensitization, not merely psychosomatic symptoms.
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Network Pathophysiology: Connectome Alterations

Salience Network (Hyperactive)

Nodes: Insula & Amygdala. Misdirects attention to
irrelevant stimuli; assigns negative emotional valence
to neutral sensory input. Drives hypervigilance.

- === Default Mode Network / DMN (Underactive)

Node: Posterior Cingulate Cortex. Fails to deactivate
properly, resulting in a loss of inhibitory control and
inability to gate trauma memories.

- === Central Executive Network / CEN (Underactive)

Fails to regulate emotion or update working memory
with safety cues.

Practical Takeaway Therapeutic interventions must aim to engage the Central Executive Network (via
cognitive tasks) to actively suppress Salience Network hyperreactivity.
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Interoceptive Disruption & The Loss of Rhythm

External Threat

Internal Bodily Signals

D e e —

Interoceptive Failure Anhedonia Sleep Architecture

The traumatized brain ignores or Amygdala overactivation and PFC Amygdala-driven stress brainwaves
misreads internal physical cues suppression lead to dopamine disrupt Deep/REM sleep, blocking
(hunger, exhaustion, bladder signals), depletion in the striatum, flatlining emotional processing and inviting
drastically impairing self-care. the ability to experience joy or reward. sleep paralysis and nightmares.

. Before executing trauma exposure therapies, clinicians must first help patients
Pra Ctlcal Takeaway re-establish basic interoceptive awareness and physiological rhythms.
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Diagnostic Architecture:
PTSD vs. CPTSD in Chronic Pain

PTSD (Standard) CPTSD (Complex)

Intrusions, Avoidance, Hyperarousal/Threat Detection.

Severe affect dysregulation, negative self-concept,
profound interpersonal difficulties (DSO).

High prevalence of Pain Flashbacks (somatic
Comorbid nociceptive/nociplastic pain. re-experiencing of peritraumatic pain) and abusive
pain personification.

Correlates heavily with inescapable interpersonal

Criterion A trauma events. trauma (e.g., childhood sexual abuse).

Practical If a patient reports “pain flashbacks” or somatization of trauma, shift the
Tukeuwuy diagnostic and treatment framework from standard PTSD to CPTSD.
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The Pre-Treatment e
Prerequisite:
Psychological Control

e Psychological Reserve: The baseline capacity to resist
stressors (depleted by chronic pain, poor sleep, and MTBI metabolic
cascades).

e Psychological Control: The internal perception of autonomy over one’s environment.

e The Cascade: Trauma and chronic pain strip away internal control. Decreased cognitive
control (measured via executive function tasks) is a primary risk factor for developing

severe PTSD post-injury.

Practical Takeaway
Build patient “psychological reserve” and perceived life control (via coping skills) before

Initiating rigorous trauma exposure protocols.

& NotebooklLM



Clinical Architecture:
Evaluating Treatment Models

Sequential Model

Parallel Model

Integrated Model

Structure

Treats one condition
linearly, then the next.

Concurrent treatment by
isolated teams.

Single interdisciplinary
team addressing both
simultaneously.

Communication
& Burden

Untreated disorder
interferes with current
therapy.

Zero communication,
conflicting philosophies,
overwhelming patient burden.

High efficiency, shared
cognitive-behavioral
principles.

Efficacy

High dropout rate.

High burnout rate.

Targets the shared root of
fear-avoidance directly.

Practical Takeaway

Healthcare administrators must transition organizational workflows away from siloed, sequential care

toward integrated, dual-focused clinics.
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CPT for PTSD

Shared Fear-
Avoidance
Reduction

Integrated
Care Protocol

CBT for Pain

» Pioneered via VA-based 12-session integrated pilot models.
« Core Modadalities Merged: Cognitive Processing Therapy (CPT) and Cognitive Behavioral Therapy (CBT).

« Shared Targets: Psychoeducation on symptom overlap, relaxation techniques, cognitive restructuring of fear-
avoidance beliefs, and structured physical activation.

« Ovutcomes: Demonstrated reductions in pain interference, depressive symptoms, and PTSD severity concurrently.

Unify treatment narratives by teaching patients how their chronic pain and PTSD
share identical physiological triggers and neurobiological pathways.

Practical Takeaway
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Modulating the System:
Targeted Therapeutics

Cognitive Processing Therapy (CPT) EMDR

Top-down cognitive restructuring to re- Bilateral stimulation to facilitate trauma
engage the Central Executive Network. processing and desensitization.

Emotional Awareness and Trauma Sensitive Yoga (TCTSY)
Expression Therapy (EAET) Bottom-up intervention. Uses invitational

Specifically effective for centrally language to safely repair interoception
mediated, nociplastic chronic pain. and autonomic regulation.

Practical Takeaway tijjlize bottom-up, body-oriented therapies (like TCTSY) to safely
repair interoception before demanding top-down cognitive processing.
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The Systemic Mandate for Trauma-Informed Care

Sensitized nervous systems interpret standard medical environments as high-threat.

Waiting Room Examination Treatment

Trauma-Informed Override Trauma-Informed Override Trauma-Informed Override

Sensory Environment: Reduce Collaboration & Choice:
ambient auditory and visual triggers Maximize patient autonomy
for MTBI/PTSD patients. during physical examinations
to prevent triggering the “loss
of control” cascade.

Trust & Rapport: Prioritize

psychological safety over
procedural speed; prevent
latrogenic re-traumatization.

Practical Takeaway

Redesign clinical spaces and examination protocols to explicitly maximize patient agency, predictability, and

sensory safety.
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Synthesis: The Complete Clinical Blueprint

The Biopsychosocial Paradigm
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The Vulnerability The Mechanism ~. The Architecture

Childhood Trauma primes Sensitization drives the Integrated Care. Effective
the network. PTSD, MTE, symptoms. Avoidance treatment requires
and Chronic Pain are maintains the loop. restoring coordination
interconnected Large-scale brain across the brain-behavior
expressions of an networks fail to coordinate axis through multi-modal,
overwhelmed nervous activation and inhibition. trauma-informed

interventions.

Practical Takeaway
True clinical mastery requires treating the human nervous system as a single, unified ecology, rather than a collection of separate pathological parts.
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