Multiple files are bound together in this PDF Package.

Adobe recommends using Adobe Reader or Adobe Acrobat version 8 or later to work with
documents contained within a PDF Package. By updating to the latest version, you'll enjoy
the following benefits:

- Efficient, integrated PDF viewing
- Easy printing

« Quick searches

Don’t have the latest version of Adobe Reader?

Click here to download the latest version of Adobe Reader

If you already have Adobe Reader 8,
click a file in this PDF Package to view it.



http://www.adobe.com/products/acrobat/readstep2.html


BIBLIOGRAPHY

Bremner, D. (2002). Does Stress Damage the Brain? Understanding
Trauma-Related Disorders From a Mind-Body Perspective, New
York:W.W. Norton & Company

Chamberlain, D.B., Babies Don't Feel Pain: A Century of Denial in
Medicine, in Davis;Floyd, R., Dumit, J., (eds) (1998). Cyborg Babies: From
Techno-Sex to Techno-Tots, NewYork and London:Routledge

Felitti, V., Anda, T., Nordenberg, K., Williamson, D., Spitz, A., Edwards,
V., Koss, M., Marks, J.: Relationship of childhood abuse and household
dysfunction to many of the leading causes of death in adults: the adverse
childhood experiences (ACE) study, American Journal of Preventive
Medicine, 1998; 14(4):245-257

Ginsberg, H.J. (1974). Controlled vs. non-controlled termination of
immobility in domestic fowl( Gallus gallus): Parallel with the learned
helplessness phenomenon Unpublished manuscript, as quoted in
Seligman, M., (1975). Helplessness, New York, N.Y.:W.H. Freeman and
Company

Goddard, G., Mcintyre, D., Leetch, C. (1969). A permanent change in
brain functioning Resulting from daily electrical stimulation, Experimental
Neurology, 25:295-330

Klaus, M., Kennel, J.(1976). Maternal-Infant Bonding: The Impact of Early
Separation Or Loss on Family Development, St. Louis: Mosby

Miller, L.: Neurosensitizaton: A pathophysiological model for traumatic
disability syndromes, The Journal of Cognitive Rehabilitation, 1997;12-23
Nijenhuis, E., Vanderlinden, J., Spinhoven: Animal defensive reactions as
a model for trauma-induced dissociative reactions, Journal of Traumatic
Stress, 1998; 11(2):243-260

Perry, B., Pollard, R., Blakeley, T., Baker, W., Vigilante, D.: Childhood
trauma, the neurobiology of adaptation and "use-dependant” development
of the brain: How "states" become "traits", Infant Mental Health Journal,
1995; 16(4):271-291

Porges, S.: Orientng in a defensive world: Mammalian modifications of our
evolutionary heritage: A polyvagal theory, Psychophysiology, 1995;
32:301-318

Rauch, S., van der Kolk, B., Fisler, R., Alpert, N., Orr, S., Savage, D.,
Fishman, A., Jenike, M., Pitman, R.: a symptom provocation study of
posttraumatic stress disorder using positron emission tomography and
script-driven imagery, Archives of General Psychiatry, 1996; 53:380-387
Scaer, R. (2000). The Body Bears the Burden: Trauma, Dissociation and
Disease, Binghamton, N.Y.:The Haworth Press, Inc.

Shalev, A., Rogel-Fuchs, Y.: Psychophysiology of the posttraumatic stress
disorder: From sulfur fumes to behavioral genetics, Psychosomatic
Medicine, 1993; 55:413-423





Schore, A. (1994). Affect Development and the Origin of the Self: The
Neurobiology of Emotional Development, Hillsdale, N.J.:Lawrence
Erlbaum Associates

Schore, A.: The experience-dependent maturation of a regulatory system
in the orbital pre-frontal cortex and the origin of developmental
psychopathology, Development and Psychopathology, 1996; 8:59-87
van der Hart, van Dijke, A., van Son, M.,: Somatiform dissociation in
traumatized World War | combat soldiers: A neglected clinical heritage,
the Journal of Trauma and Dissociation, 2000; 1(4):33-66

van der Kolk, B.: The body keeps the score: Memory and the evolving
psychobiology of posttraumatic stress, Harvard Review of Psychiatry,
1994; 1(5):253-265

van der Kolk, B., Greenberg, M.S., Boyd, H., Krystal, J.: Inescapable
shock, neurotransmitters and addiction to trauma: Towards a
psychobiology of posttraumatic stress, Biologic Psychiatry, 1985; 20:314-
325






CURRICULUM VITAE

Robert C. Scaer, M.D.

Address: 515 N. Adams Avenue, Louisville, CO 80027
Office: 303.664.5155 Fax: 303.664.5155

E-Mail: scaermdpc@traumasoma.com

EDUCATION & TRAINING

1955-59 University of Rochester, Rochester, NY, BA, Psychology

1959-63 University of Rochester, Rochester, NY, MD

1963-64 University of Colorado, School of Medicine, Medical Internship

1966-69 University of Colorado, School of Medicine, Neurology Resident

APPOINTMENTS & POSITIONS

1969-89 Assistant Clinical Professor of Neurology, UCHSC, Denver, CO

1989-93 Associate Clinical Professor of Neurology, UCHSC, Denver, CO Non-Academic

1964-66 General Medical Officer, United States Army

1969-79 Active Staff, Boulder Community Hospital

1969-79 Active Staff, Boulder Memorial Hospital

1969-79 Consulting Staff, Wardenberg Student Health Center, Universitly of Colorado,
Boulder, CO

1969-79 Consulting Staff, Longmont United Hospital, Longmont, CO

1979-80 Active Staff, Everett General Hospital, Everett, WA

1979-80 Active Staff, Providence Hospital, Everett, WA

1980-89 Active Staff, United Medical Staff of Boulder, Boulder, CO

1980-89 Medical Director, Physical Medicine and Rehabilitation, Boulder Memorial

Hospital, Boulder, CO
1989-2000 Active Staff, Medical Staff of Boulder, Boulder, CO
2000-Present Courtesy Staff, Medical Staff of Boulder, Boulder, CO
1989-2000 Consulting Staff, Avista Hospital, Louisville, CO

1989-2000 Medical Director of Rehabilitation Services, Mapleton Center, a Division of
Boulder Community Hospital, Boulder, CO

1992-95 Consulting Staff, Estes Park Medical Center, Estes Park, CO

1995-2000 Medical Director, Pain Management Services, Mapleton Center, Boulder, CO

1993-95 Surveyor, Commission on Accreditation of Rehabilitation Facilities, (CARF)

LICENSURE

1964 Diplomat, National Board of Medical Examiners

1965 Present State of Colorado

1979-95 State of Washington

CERTIFICATION

1972 Diplomat, American Board of Psychiatry and Neurology

1992-2001 Certified Member, American Society of Neurorehabilitation

1994-2003 Level Il Accreditation, Department of Labor and Employment, Division of Workers

Compensation, State of Colorado

MEMBERSHIP IN PROFESSIONAL SOCIETIES

1966-Present Member, American Academy of Neurology

1969-Present Member, Boulder County Medical Society

1969-Present Member, Colorado Medical Society

1973-Present Member, American Academy of Neurology

1975-1985 Member, Biofeedback Society of America

1980-1990 Member, American Association for the Study of Headache
1981-1988 Member, American Congress of Sports Medicine
1985-Present American Congress of Rehabilitation

1991-1993 American Medical Association



mailto:scaermdpc@traumasoma.com



1992-2000 American Society of Neurorehabilitation

1995-Present American Pain Society

1996-Present Fellow, American Academy of Neurology
1998-Present International Society for the Study of Traumatic Stress
PUBLICATIONS

Scaer, R., Tooker, J., and Cherington, M., Effect of guanidine on the neuromuscular block of
botulism, Neurology, 19:1107-1110, Nov., 1969

Scaer, R., Schneider, C., & Pierson, N., Biofeedback in Neuromuscular Rehabilitation, in Owens,
S., et al, Cerebral Palsy, Biofeedback Reasearch Institute:New York, 1975

Schneider, C., Scaer, R, Groenwald, D & Atkinson, H., EMG techniques in neuromuscular
rehabilitation with cord injured patients, The Squeaky Wheel, official publication of the National
Paraplegia foundation, 4:4-10, July-august, 1975

Scaer, Pathophysiology of Migraine, Handbooks published by Headache Workshop portion of
annual meeting of the Biofeedback Society of America, March, 1977, 1078 and 1979

Scaer, R., Neurochemistry of Diseases of the Basal Ganglia, Brain Information Service
Conference Report #47 from Eleventh Annual Winter Conference on Brain Research: Function of
the Basal Ganglia

Scaer, R., Observations on traumatic stress utilizing the model of the whiplash syndrome,
Bridges, 8:5-11, Spring, 1997

Scaer, R., The whiplash syndrome: A model for traumatic stress, The Journal of Cognitive
Rehabilitation, 18:4, 6-15, July/August, 2000

Scaer, R., The neurophysiology of dissociation and chronic disease, Applied Psychophysiology
and Biofeedback, 26:1:73, 91, 2001

Scaer, R., The Body Bears the Burden: Trauma, Dissociation and Disease, The Haworth
Press:Binghampton, 2001

Scaer, R., Schneider, C., How are our ‘heartfelt” feelings generated?, Bridges, 13(4)6-9

Scaer, R., The Trauma Spectrum: Hidden Wounds and Human Resiliency, W.W. Norton
Press:New York, 2005

PRESENTATIONS

1976, March Scaer, R. “Pathophysiology of Migraine”, Faculty, Headache Workshop,
Biofeedback Society of America, Orlando, FL

1977, March Scaer, R. “Pathophysiology of Migraine”, Faculty, Headache Workshop,
Biofeedback Society of America, Albuquerque, NM

1975, March Scaer, R. “Use of EMG Biofeedback in Paraplegia Rehabilitation”, Biofeedback
Society of America, Monterey, CA

1978, January Scaer, R. “Biochemical Substrates of Diseases of the Basal Ganglia”, Symposium
lecturer, “Functions of the Basal Ganglia”, Winter Conference on Brain Research, Keystone, CO
1978, October Scaer, R. “The Pathophysiology of Stress”, AIMS Community College, Greeley,
CO

1981, August Scaer, R. “Rehabilitation of Neurologic Disorders”, American Physical Physical
Therapy Association, Denver, CO

1982, February Scaer, R. “Electrical Modalities in Rehabilitation”, Clinical Neuroscience Society,
Snowbird, UT





		0BCURRICULUM VITAE

		1BEDUCATION & TRAINING

		2BAPPOINTMENTS & POSITIONS

		3BLICENSURE

		4BCERTIFICATION

		5BMEMBERSHIP IN PROFESSIONAL SOCIETIES

		6BPUBLICATIONS

		7BPRESENTATIONS




OBSERVATIONS ON TRAUMATIC STRESS
UTILIZING THE MODEL OF THE "WHIPLASH SYNDROME”

ROBERT C. SCAER, M.D.

In his book, Affect Regulation and the Origin of the Self, Allen Schore has
outlined in exquisite detail the psychobiology of early childhood development
involving maturation of orbitofrontal and limbic structures based on reciprocal
experiences with the care giver. (14). Dysfunctional associations in this dyadic
relationship result in permanent physicochemical and anatomical changes which
have implications for personality development as well as for a wide variety of
clinical manifestations. An intimate relationship may exist, with negative
child/care giver interaction leading to a state of persisting hypertonicity of the
sympathetic and parasympathetic systems that may profoundly affect the arousal
state of the developing child. Sustained hyperarousal in these children may
markedly affect behavioral and characterological development.

This phenomenon has its correlation in the adult traumatic experience and its
effect on the autonomic nervous system. Although this effect has been described
extensively in Viet Nam veterans and other groups of traumatized individuals,
one of the more fascinating models of the physiology of the traumatic experience
had been developed by Peter Levine, PhD., (7,8) based on the ethological model
of the fight/flight/freeze response seen in animals in response to life-threatening
experiences. In the wild, the preyed-upon animal will flee or attempt to fight, but if
trapped, will enter a freeze response where it assumes a state of immobility while
physiologically still manifesting high levels of activity of both parasympathetic and
sympathetic nervous systems. If the animal survives the attack, it will go through
a period of discharge of this high level automatic arousal through the motor
system involving trembling, running movements, shaking, diaphoresis and deep
breathing. Following this, the animal will return to its prior state of calm alertness.
Interestingly, game keepers in Africa interviewed by Levine who capture animals
for examination or tagging routinely note that if the animal does not go through
the shaking/breathing response after release, they will inevitably die in the wild,
possibly due to the inability to initiate appropriate self- protective behavior.

Presumably due to acculturation or neocortical inhibition, the human species
frequently will not discharge this high state of autonomic arousal after a freeze
response in the face of perceived trauma, but will suppress the discharge
phenomenon, resulting in storage of a high state of autonomic arousal, probably
in limbic and procedural memory systems of the brain. Memory mechanisms in
trauma probably involve both explicit (conscious, declarative), and implicit
(unconscious, non-declarative) memory. Procedural memory is a form of implicit
memory involving learned sequences of synchronized motor acts such as
athletic, musical or artistic skills. Once learned, these motor sequences are





stored with a high degree of recoverability, probably in orbitofrontal and limbic, as
well as cerebellar, vestibular and basal ganglia connections of the brain. There is
strong evidence that memories of the motor sequences of a traumatic experience
may well be stored in this memory system. Levine has found that by accessing
the "felt sense" through therapeutic guidance, the individual may then access
complex patterns of movement representative of prior traumatic experiences,
may activate the sympathetic nervous system, and lead to a discharge of
retained autonomic energy through the somatic/motor system analogous to that
which occurs with resolution of the freeze response in animals. This may be used
as a therapeutic technique for desensitizating or deconditioning the autonomic
nervous system and reducing the symptomatic load of autonomic arousal which
causes many of the symptoms of post-traumatic stress disorder.

The clinical implications of the trauma syndrome with regard to both emotional
and physical symptoms are substantial. There is strong evidence that traumatic
experiences are cumulative, with sequential elevation of the arousal set of the
autonomic nervous system with accumulated unresolved trauma. It is well known
that a substantial number of chromic pain patients have a history of child abuse
or multiple traumatic experiences. Childhood trauma has been linked to a variety
of clinical syndromes including chronic pain, fiboromyalgia, premenstrual
syndrome, functional bowel syndrome, and chronic pelvic pain (2,5,16,17). The
acute symptoms attributable to post- traumatic stress disorder (hyperarousal,
hypervigilance, intrusive imagery and flashbacks, stimulus hypersensitivity,
exaggerated startle, nightmares and sleep disturbance, panic attacks, anxiety
and phobias) are only a part of the post-traumatic syndrome. Depression,
emotional constriction, mood swings, substantial cognitive dysfunction, chronic
sleep disturbance, dissociative reactions and schizoid social behavior are all
typical of the later manifestations of this syndrome.

| have studied the phenomenon of trauma extensively in motor vehicle accidents
(MVA) as part of the "Whiplash Syndrome". This syndrome has been
exhaustively documented and studied, but its severity in relationship to often
trivial MVA trauma has never been adequately understood (4). The full blown
syndrome consists of intractable but variable regional myofascial pain, usually
involving the head, neck and shoulder girdle, associated with dental bruxing and
often temporomandibular joint syndrome. Associated postural dysfunction may
lead to what has been called myofascial or pseudo- thoracic outlet syndrome
characterized by fluctuating distal parasthesias of the arm and hand, often with
edema and coolness of the hand. Neurologic manifestations include binocular
visual disturbance, particularly convergence insufficiency and impairment of
binocular fusion, unremitting tinnitus, atypical positional vertigo and balance
disturbance, facial parasthesias, and autonomic dysfunction including orthostatic
hypotension. Atypical vascular headaches with both vasodilitory and
vasoconstrictive features similar to migraine are also common, consistent with a
state of autonomic instability.





Cognitive dysfunction usually is characterized by deficits in sustained attention
span and multitrack thinking, deficits in short-term memory, and marked cognitive
fatiguability (6). Additional deficits often include word-finding difficulties, word
blocking and reversals, and occasional neologisms. Higher level executive
functioning may also be impaired in some cases.

Emotional symptoms typically involve the spectrum of symptoms of post-
traumatic stress disorder (PTSD) described above, most specifically phobias of
driving, anxiety and panic attacks, intrusive memories of the accident trauma,
and sleep disturbance with repetitive awakening, sometimes with nightmares,
often of helplessness.

In general, chronic upper quadrant pain has been attributed to "cervical
ligamentous strain or segmental vertebral dysfunction”. Neurologic symptoms
and cognitive dysfunction have been routinely attributed to minor traumatic brain
injury whereas symptoms of hyperarousal, anxiety and sleep disturbance have
been diagnosed as PTSD.

A dilemma in the "Whiplash Syndrome" is that the symptoms as described above
commonly far exceed what could reasonably be explained by the velocity of the
accident or the severity of predictable trauma to the head, neck and brain
tissues. Indeed, full blown syndromes have been frequently seen in low velocity
MVA trauma below 10 to 15 mph. This fact has lead many clinical observers to
attribute much of the "Whiplash Syndrome" to psychological factors or issues of
secondary gain.

If carefully interviewed, most victims of even relatively minor MVA'’s will vividly
describe a sense of detachment and shock as the first sensations experienced
immediately after the impact. Frequently this will subside, and may be associated
with subsequent development of increasing neck stiffness and pain. More often,
however, the major symptoms of the "Whiplash Syndrome" do not appear for
twenty- four to forty- eight hours, and may then progressively worsen for many
days, weeks and even months despite extensive care. Clearly this is not in
keeping with the natural course of events of either cervical ligamentous or brain
injury. On the other hand, the truly remarkable consistency of symptoms among
such MVA victims demands explanation and qualifies this injury as a valid
syndrome. Based on the work of Schore and Levine, and these observations, |
would like to propose that the entire spectrum of symptoms of the "Whiplash
Syndrome", especially in low velocity MVA's is explainable by the effect of the
traumatic experience on the autonomic and procedural memory portions of the
central nervous system. The physiological basis for the permanent imprinting of
this traumatic event on the central nervous system exists in the persistence of
the unresolved and undissipated freeze response, itself initiated at the moment of
impact, but thereafter locked in the autonomic nervous system because of the
absence of discharge through the neuromuscular system. Each of the





components of the syndrome may be analyzed and explained by this
mechanism.

The neuromuscular manifestations of the traumatic event are characterized by
activation of a sequence of coordinated muscular contractions designed to
protect the body from harm. In the case of a MVA, this will involve a bracing
pattern to protect portions of the body from impact. As a result of the freeze
response, this bracing pattern is maintained indefinitely in procedural memory
and is manifested by sustained muscular contraction of muscle groups, usually in
the neck and shoulder girdle, leading to the syndrome of regional myofascial
pain. The typical postural dysfunction seen in these individuals consists of a head
forward position associated with protraction and elevation of the shoulder girdle.
This represents in many animal species the position of protection against threat.
Bruxing and clenching of the teeth is a typical neuromuscular pattern associated
with threat in most animal species and eventually leads to what is currently
described as the temporomandibular joint syndrome. Constriction of the thoracic
outlet by the posture described above often leads to changes in hand sensation
and temperature producing a syndrome of variable venous obstruction described
as thoracic outlet syndrome.

The alerting response to threat is also associated with pupillary dilatation and
divergent positioning of the eyes for the purpose of optimally scanning the field of
vision. Locking in this neuromuscular response as part of the freeze response
leads to a chronic visual syndrome characterized by binocular visual dysfunction
and especially convergence insufficiency. The dramatic diminution in cervical
range of motion seen in whiplash patients resulting from myofascial pain leads to
impairment of head movement in the face of gravitational input from the
vestibular system, contributing to the syndrome of cervical vertigo and balance
disturbance.

Although cognitive impairment noted in the "Whiplash Syndrome" may at times
be attributable to minor traumatic brain injury, in many cases it may exist in
accidents of a velocity insufficient to explain axonal injury or neurotransmitter
dysfunction. In addition, cognitive dysfunction may not appear for weeks or even
months after the initial injury, a phenomenon inconsistent with reasonable
models of minor traumatic brain injury. In many cases, measured cognitive
impairment correlates with severity of symptoms of post-traumatic stress disorder
and/or depression. The distracting effect of intrusion on the declarative portion of
the memory system by unconscious traumatic memories from non-declarative
memory systems may well explain what amounts to an attention deficit disorder
in traumatized whiplash patients. The sustained state of abnormal arousal in
PTSD includes intrusive thoughts related to the trauma triggered by life events
related to the traumatic experience. Generalization of the arousal response also
develops, leading to intrusion of traumatic memories by any stressful stimulus.
Resulting low level interruption of attention leads to impaired acquisition of
incidental information and short term memory encoding, resulting in the typical





short term memory deficits seen in PTSD. The phenomenon of dissociation as
part of the traumatic experience also is a potentially potent source of interference
with sustained attention in such patients. Such interference phenomena as part
of the traumatic experience may well explain cognitive dysfunction seen in many
cases of "Whiplash Syndrome".

The clinical syndrome of PTSD constitutes a psychiatric syndrome described in
the DSM-IV. The entire constellation of symptoms attributable to this syndrome,
however, | believe is explainable by both the sustained arousal and over-
reactivity of the autonomic nervous system and by the procedural memory
mechanisms activated in the traumatic experience. Stimulus hypersensitivity and
symptoms of anxiety and panic are directly due to the over-responsiveness of the
sympathetic nervous system to even minor stressful stimuli (3,11,15). This has
been well documented in Vietnam veterans, both in exaggerated blood pressure
and pulse rate responses to mild startle stimuli as well as to documented over-
production of norepinephrine in response to stressful visual imagery or auditory
stimulation (1,3,15). Recurrent stereotyped nightmares, intrusive accident-
related thoughts, and phobic responses constitute reactivation of traumatic
memory. Interestingly, these tend to fatigue and disappear earlier than the
sympathetic arousal symptoms noted above. With time, many of the acute
symptoms of PTSD may resolve, but usually then are associated with the onset
of significant depression, commonly with a variable state of relative dissociation.
These constrictive and dissociative emotional phenomena may constitute a
sustained state of autonomic instability, combined with significant endorphinergic
input. Endocrinologic sequellae of trauma maybe initially associated with
increased cortisol secretion. Studies of urinary free cortisol in the later phases of
PTSD demonstrate lowered cortisol levels, and may represent the late
constrictive stages in PTSD. (12).

Perhaps the strongest support for this hypothesis is found in the fact that many of
the components of the "Whiplash Syndrome" — myofascial pain, cognitive and
emotional dysfunction — disappear at least in part with resolution of the freeze
response through the process of Somatic Experiencing. The end point of this
therapy involves activation of neuromuscular and autonomic portions of the brain,
eliciting a behavioral experience quite similar to the dissipation of the freeze
response seen in animals. With successful treatment, regional myofascial pain
diminishes or disappears, the defensive posture of flexion relaxes into a more
appropriate upright stance, sympathetic arousal diminishes along with symptoms
of PTSD, and cognitive function improves.

Finally, one facet of the epidemiology of MVA trauma also provides strong
support for the origin of the "Whiplash Syndrome" in sustained autonomic
arousal. In an ongoing review of my patients with delayed recovery (over 6
months) from whiplash, the first 50 patients manifested a 70% incidence of prior
major life traumatic events and a 26% incidence of severe child abuse.
Preliminary results in MVA’s below 15mph suggests that an even higher





percentage have experienced major child abuse (molestation, incestation,
physical or psychological abuse by an alcoholic parent). Although these numbers
appear startling, they are probably in keeping with prior estimates of the
prevalence of abuse in our society. Studies in PTSD also would suggest that any
form of traumatic stress (natural disasters, medical/surgical trauma, criminal
victimization, impaired maternal-child bonding (14)) may be a source of sustained
autonomic alteration. The cumulative effect of traumatic experiences on the
autonomic nervous system appears to be a powerful source of potentiation of the
post-traumatic response (9,10).

Copyright © Robert C Scaer, M.D., 1997. Do not copy without permission.
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THE DISSCOCIATION CAPSULE
ROBERT C. SCAER, M.D.

In my 30+ years of the practice of Neurology, | spent the last 20 as the medical
director of a rehabilitation center, much of that directing a multidisciplinary
chronic pain program. We routinely treated the most challenging patients, those
whose physicians had basically given up their treatment in despair, and referred
them to us. Our team included a full-time psychologist, and their intake data
revealed a dramatic incidence of child abuse (~60%) and of Borderline
Personality Disorder (~30%) in our pain clientele. Virtually all of them suffered
from depression. Our frequent staff meetings often addressed how to avoid
"splitting" of the staff by our borderline patients.

Unlike many pain programs, we avoided the use of narcotics in these patients,
and routinely involved drug detox in most. Our patients often were admitted on
huge doses of narcotics, but however high their dose, the pain was never
relieved or even substantially diminished. We found that detox from Oxycontin
often was associated with more panic than with any symptoms of narcotic
withdrawal.

Mary was just such a patient. She'd had suffered a very traumatic injury, losing
much of the skin of her left forearm in a roll-over auto accident. Surgery and skin
grafts saved the arm, but she was left with chronic, searing pain associated at
the same time with a feeling that the arm felt numb and detached as if it didn't
belong to her. She also had a history of physical abuse as a child by her father.
Her admission photography showed a sad, distracted looking woman, with a
strange, twisted posture. She stood with her left shoulder markedly elevated, with
her left arm rotated backward, her hand virtually behind her back, her head
turned slightly to the right. During meetings and exercise, her left hand often
wandered off into strange, contracted postures of which she was quite unaware.
Although she was on over 80 mg. of oxycodone, her pain was unremitting,
usually 10 on a 0-10 scale. Therapists documented that she was forgetful,
distracted, and often seemed to be in another world, but with dramatic mood
swings, anger and irritability. One could say that she was effectively detached
from reality much of the time. One could also say that she typified the majority of
patients in my pain program.

What do you suppose Mary's diagnosis would be? Most of you would probably
respond something like 307.89 Pain Disorder Associated with Both Psychological
Factors and a General Medical Condition. But the general medical condition was
stable, and for all intents, cured, and the psychological condition was complex to
say the least. If one had asked Mary what she was feeling during her distracted





periods, she would have told you that at times she felt out of body, spacey and in
"another place". Intrusive, usually negative thoughts were running through her
mind, some of which were almost delusional. During those times, despite
excruciating pain in her left arm, she had to look at it to find out where it was.
Moving it was clumsy and uncertain. Mary clearly was dissociated much of the
time, and that dissociation also selectively affected her left arm.

Dissociation remains the béte noire of psychiatric diagnoses. It's features include
"...a disruption in the usually integrated functions of consciousness, memory, or
perception of the environment" (DSM-IV, p. 477), but a unitary diagnosis
continues to evade us. We refer to states of depersonalization, derealization,
distorted time and sensory perception, fugue states, amnesia and dissociative
identity disorder. Although conversion hysteria is accepted as a dissociative
state, it has been relegated to the category of Somatiform Disorders in the DSM-
IV (DSM-1V, 1994). (Somatiform Disorders imply that a symptom is unexplainable
on the basis of any physical disruption of body function, and is therefore
"psychological”.) Opinions about dissociation range from its dismissal as a valid
condition or diagnosis, to its endorsement as the primary expression of traumatic
stress.

But psychotherapy practitioners in the field know full well what dissociation is. It's
that confused, distracted state in your patient that prevents you from breaking
through the fog into any semblance of meaningful contact. It's the patient "leaving
the room", losing contact with you when you've barely touched on the meaningful
traumatic material, or when an obtuse reference to some supposedly benign
topic causes a short circuit to a traumatic cue in their memory. It's the state of
confusion and distraction that the patient describes, as if they've suffered a brain
injury. It's the fortunately rare event where the patient "floods" during a session of
EMDR or exposure therapy, entering a state of unremitting panic, or becoming
virtually regressed and unresponsive. Finally, it's that state of detachment and
inaccessibility they seem to live in that ultimately prevents any progress in
therapy, regardless of technique or therapist. | propose to take that clinical
experience that you all recognize as dissociation and try to organize it into a
functional working model that not only will provide a single frame of reference for
the diverse and hard-to-relate symptoms that it seems to represent clinically, and
to apply that model to an effective therapeutic paradigm. Unless we consider this
divergent group of clinical features that we call dissociation as part of a logical
wholistic structure, we'll continue to struggle with dissociation as a concept
without a real definition.

(The DSM-1V defines dissociation as "a disruption in the usually integrated
functions of consciousness, memory, identity or perception of the environment". |
would expand this definition (which basically says that dissociation is an
apparently global disruption in perception) to the concept that dissociation has its
roots in the procedural memories for remote traumatic events, and that the
confusion between past and current events is the defining feature of dissociation.
Current thinking would suggest that when a patient is dissociated, they are





experiencing distorted perceptions in a variety of possible areas - reality, time,
memory, sense of self, sense of the body, etc. In fact what they are experiencing
are perceptions that have been stored in survival-based procedural memory as if
they reflect the experience of the present moment. The diagnosis of dissociation
isn't even mentioned in the DSM-IV description of Posttraumatic Stress Disorder
(PTSD), the syndrome that defines the effects of exposure to a traumatic
experience. The primary diagnostic criteria for PTSD reflect that posttraumatic
symptoms to a significant degree relate to abnormal memory processes -
dreams, flashbacks, intrusive thoughts and images, cue-related anxiety and
startle, avoidance of exposure to reminders of the trauma. Although the other
important criteria for PTSD include arousal and avoidance criteria, one could
make the case that the entire symptom complex of PTSD is based on the
premise that an event that occurred in the past is perceived as a lived event that
is still in the present. I'd like to make the case that trauma therefore could be
defined as a corruption of perception of time and of memory.

| need to take a little side trip and clarify what | mean by memory. We don't need
to get into the complexities of memory theory to understand its application to
trauma. For our purposes, let's look at the differences between conscious
(explicit) and unconscious (implicit) memory processes. Explicit, or declarative
memory, has many subtypes, but is basically what we use to remember facts and
events. It's what we use to memorize things to regurgitate for the test in the
course we're taking, or in preparation for a profession. Declarative memory is
guite subject to rapid decay, and in fact to inaccuracy. Recall references to the
inconsistency of reports by witnesses at the scene of an accident, or how a story
changes through multiple repetitions. | probably remember 20% at best of what |
memorized in medical school.

Our conscious experience of course is intimately associated with our
autobiographical declarative memory of key events in our lives - but in fact those
events by definition were associated with significant emotional tone - deaths,
births, celebrations, losses. Memories associated with high emotional tone
assume qualities of implicit, or unconscious memory - they are much more hard-
wired and permanent in nature. For example, think for a moment about your first
images of the plane crashing into the Twin Towers on 9/11. I'll bet that you can
describe in detail the exact images of the room with the TV, what you had been
doing before that moment, and so on in great detail. These memories associated
with high emotional tone become part of our personal autobiography, and are
retained in memory with the accuracy of implicit recall. Basically emotional
memories have important implications for survival.

But the most important of the subsets of implicit memory is procedural memory, a
term that | will belabor you with throughout this article. The primary function of
procedural memory is the acquisition of information and skills that are necessary
for survival. And most of these have to do with the unconscious functioning of
your body. It's how we learn skills and habits - the intentional repetition of a





sensor motor process until it is automatic and unconscious, such as learning a
musical instrument, a sport or an art form. It's also how we learn to adapt to
danger and threat - the negative associations that we unconsciously learn to
avoid, and the positive associations that we learn to seek. Survival-based
procedural memory is based on classical conditioning - the pairing of life
experiences with threat or reward. Although some survival instincts are genetic -
fear of falling, snakes and spiders - most must be learned through experience -
the spotted cat on the Kalahari Desert, the smell of gas in a home, the whine of
an incoming missile. Such memories are acquired in a flash, and stored for a
lifetime. And such procedural memories, acquired and stored as part of a
traumatic experience and perceived not as skills, but as warnings of present
danger, are also the essential ingredient for all of the symptoms of trauma.

Returning to concepts of dissociation, disruption of perception of one's own
identity is clearly a feature of dissociation, and the noted neurologist, Antonio
Damasio would maintain that one's identity, or sense of self, is in part based on
one's somatosensory awareness, the often subconscious perception of "feelings"
of the body. In his book, Descarte's Error, he describes a compelling working
model of the self as: 1) "..representations of key events in an individual's
autobiography (emotion-linked declarative memory)...", and 2) "...the primordial
representation of an individual's body." (Descarte's Error, p. 239) Our
"autobiography" basically consists of the sum total or our extrinsic and intrinsic
memory for key events in our life that by definition are hard-wired and intrinsic
because of their emotional content. Memories such as weddings, births, deaths
and athletic successes are examples. Each one of these examples of key life
events was associated with unique somatic and visceral experiences (the tingling
of the face in joy, the clenching of the gut in grief, the heart-pounding adrenaline
rush of scoring the winning goal). These sensations also form part of our
"autobiography".

The second part of the self, our "body representation” is composed of all of the
sensory information provided by the organs of the body at any given present
moment. For example, the sensations of emotions (feelings) at any given
moment provide immediate input to the brain regarding the emotional content of
the moment, and how that should affect our immediate behavior. That input will
shape our behavior, cause that experience to be stored as a key event and
continue to shape our evolving sense of self. So the body itself plays an integral
part in our evolving sense of self, both in past sensory memories and in those
sensory experiences of the present moment. The self may in essence be thought
of as the embodied mind. Obviously, one's sense of self is an evolving process.
One could say that our sense of self evolves continuously with the passage of
time though experiences of the present moment superimposed on our past
autobiographical memory.

Intense experiences, especially negative ones, will shape our sense of self





dramatically, with the combination of images, sounds, gut and somatic
sensations that accompany them. These sensations become part of our body
sense, and of our intrinsic autobiography. Most victims of adult trauma complain
that they no longer are the same person they were before the traumatic event.
They felt that their life was arrested at that point, was fragmented into
disconnected pieces that they no longer could put together as a whole. Because
perception of the present moment is relegated to past traumatic experience in the
trauma victim, the evolving sense of self will also be "stuck" at that past moment
in time. This process is in keeping with the well-known tendency for the trauma
victim's sense of self and developmental maturity to be relatively frozen at the
time and age of the sentinel traumatic experience.

Therapists in the brain injury rehabilitation program that | directed frequently
commented that often the victim's sense of self was probably the most damaged
function they experienced. | came to realize that symptoms of diffuse cognitive
impairment due to what we called Minor Traumatic Brain Injury were often due to
the fact that these patients were dissociated much of the time, and that this state
of perceptual confusion was the cause of their attention deficits, slow information
processing and short term memory impairment. In many of these cases, the
velocity of the accident (5-10 MPH) was clearly not sufficient to cause a brain
injury severe enough to produces their degree of cognitive impairment. Not
surprisingly, most of these patients whose symptoms included an altered sense
of self and significant cognitive impairment after an auto accident had a history of
childhood trauma or family dysfunction, since dissociation during childhood
predicts the tendency to dissociate after trauma as an adult. So our sense of self
may be dramatically changed by a traumatic experience and the dissociation
associated with it, especially if we arrive at that traumatic event with a
fragmentary sense of self based on a relatively dysfunctional childhood.

As we've said, the sense of self in significant part is shaped by perception of the
intrinsic body sensations of the moment. Daniel Stern describes the "present
moment" as a brief period of time that lasts from 1-10 seconds and probably
represents what we call the "here and now", or even how we perhaps define
consciousness. During this moment, we process sensory information coming
from both the internal sensations of the body, and from the external environment.
The present moment is composed of Damasio's "background feelings of the
body", which contribute to our evolving sense of self. Perception of the present
moment is tempered by concepts of time (when is this happening?), intentionality
(what, and what are we going to do about it) and vitality affects (shifting emotions
and their bodily feelings). For example, the present moment during a
presentation to your boss might well consist of a focused sense of now, a clear
intention of facilitating a job promotion down the line, and mixed emotions of
anxiety and excitement. It might be associated with bodily feelings of cold,
sweaty palms, tightness in the neck and jaws and "butterflies in the stomach", or
by the alertness and adrenaline rush of excitement. Working memory - short-term
storage for processing the experience- also contributes to our perception of the





present moment. This fleeting period of awareness, constantly moving into the
future, in a sense defines what we perceive as consciousness. The present
moment is essential for our ability to process information from our internal and
external world, and to act appropriately. During the present moment, we continue
to develop our constantly evolving sense of self. Impairment of perception of the
present moment may be caused by intrusion oF old body-based procedural
memories, as well as key memories of past events, especially those linked to old
trauma. For example, emotion-linked memories of financial or marital conflicts
may intrude on our thoughts as we go to the bedroom to get something, and
make us forget why we went there. The tightness in our neck triggered by the
conflict may contribute to our distraction. The present moment has been
corrupted by the concurrent experience of feelings of past traumatic events, and
the intention is lost.

We've noted that the uncorrupted present moment is associated with an
appropriate concept of time (when?) based on input from our prefrontal cortex.
This is the dilemma of posttraumatic symptoms: internal and external cues of old
traumatic memories continue to trigger emotions and body sensations that don't
represent the present moment, but rather past implicit memories when the
trauma was experienced. The present moment may be corrupted by these past
traumatic autobiographical memories, and the actual experience may be an
illusion of time and perception. The somatosensory messages of the present
moment that contribute to our evolving sense of self are subordinated to old
trauma-related body messages. For example, as we drive by the scene of a
recent MVA, our neck stiffens, we feel a little dizzy and for a moment forget
where we're going. For a brief instant, we would experience the emotion-linked
memory of the accident itself. | would suggest that this unique narrowing,
interruption and corruption of perception of the present moment by past memory
in traumatic stress is in fact what we define as dissociation.

Dissociation, almost by definition, is characterized by a unique and rather sharply
defined state of altered perception that is different from reality. As a state, we can
assign it quite specific features, based on its unique alteration in various types of
perception, all of which are memories for past experiences. As a specific state, it
will be defined by the boundaries of its content, and | would therefore like to
present the metaphorical, but quite functional definition of the dissociative
capsule. The content of a specific capsule will consist of procedural memories for
the autonomic, somatosensory and emotional feelings of the trauma. All of these
states of course are associated with body sensations. Autonomic states
(fight/flight/freeze) are associated with cardiac and visceral feelings - pounding
heart, cold hands, tremor, chest pressure, gut tightness and cramps. Emotions
also are associated with feelings such as the tingling rush of joy, the heavy
sinking feeling of depression, the face-burning, constricting feeling of shame. And
somatosensory sensations (from the muscles, skin and skeleton) contribute to all
of these feelings - tightening of neck and back muscles, tingling of the skin,
pressure in the head, even severe pain. Of course, this capsule would also





contain the very specific emotion-linked conscious memories of the event as well.
And finally, since endorphins were released in large amounts at the time of the
threat and the freeze response that initiated the traumatic event, perceptions of
the dissociative capsule will often be distorted and bizarre.

The dissociative capsule would be quite specific to the traumatic event that
defined it, and would consist of the sum total of all of those procedural memories
reflecting the experiences of the event that were stored, in their finest detail in a
diverse grouped cluster of perceptions. These diverse procedural memories,
hard-wired and permanent, would be susceptible to recall in the face of both
internal and external environmental cues that reflect elements of the traumatic
event. (Recall the MVA example noted above.) That recall by definition would
occur in the course of some present moment, and would be perceived as being
present, even though it reflected a past moment. It would interrupt the present
moment for a variable period of time depending on the intensity and specificity of
the cues. It could last a few seconds, or in the case of numerous large capsules,
could occupy one's present moment most or all of the time. Emergence of the
dissociative capsule into the present moment would destroy its function
(intentionality, acquisition of new memory and evolution of the sense of self). The
present moment would consist of old emotionally-based declarative memories
and feelings from the body reflecting the autonomic, emotional and somatic input
from traumatic procedural memory. During this obliteration of the present
moment, the person would exist in the past traumatic experience, would respond
to its messages as if confronted with the old trauma, and would be unable to form
plans of action or store new memories based on current experience. For that
brief or prolonged period of time, consciousness and the mind would be rendered
inert. The victim would be frozen in a past traumatic moment, and their
perception would reflect that moment. Finally, the inevitable release of
endorphins with emergence of the dissociative capsule would cloud cognition
and perception, creating the surreal state of dissociative perception.

The contents of a given capsule would be infinitely variable, as one can imagine.
Let's use the analogy of experiencing an MVA to illustrate the process. For
example, a patient of mine was stopped at a light, when she heard the screech of
brakes behind her. She looked up into her rear view mirror, and saw a large truck
as it slid into and impacted the rear of her car. She instinctively reached back for
her young child in a car seat in the rear, and then was thrown about within the
restraints of her lap and shoulder belt but essentially was uninjured. She
subsequently experienced the typical symptoms of whiplash - neck and back
pain, dizziness with head movement, blurring of vision, ringing in her ears and
problems with concentration and memory. She especially note pain in her right
shoulder and arm. These symptoms came and went, but particularly were
brought on by any activities involving being in a car.





When simply getting into her car, she noted pounding of her heatrt,
tremulousness, neck tightness and pain, right shoulder pain, lightheadedness
and a sense of numbness and mild confusion. When stopped at a stoplight,
driving by the scene of the accident, hearing the screech of tires in the distance
or hearing the crash of trashcans being loaded into a dump truck, all of these
symptoms returned proportionate to the intensity of the stimulus, occasionally
associated with actual images of the truck in her rearview mirror. They were also
experienced with a surreal, detached quality. One would be tempted to attribute
these symptoms to the reexperiencing, arousal and numbing criteria for PTSD in
the form of flashbacks. But the pain that she felt, the physical sensation in her
chest, the ringing in her ears and the dizziness were not imagined - they were
actually felt as a physical experience, and were exactly like the sensations she
had experienced in the accident. During those experiences, she in effect was
living in the past, a time warp of the accident defined by its procedural memories.

The conscious emotionally-based memories of the images, sounds, smells and
emotions associated with the accident also tend to be distorted, exaggerated and
intricately interwoven with their somatosensory components. The image of the
grill of an oncoming truck in posttraumatic memory may be bizarrely distorted,
and huge, the sound of the crash like an exploding bomb, the smell of the twisted
metal choking in its intensity, the movements of the body like an epileptic seizure.
Procedural memories of the body would form a large component of the contents
of the capsule, such as the reflex patterns of unconscious self-protective muscle
contractions throughout the body and the pain and movement-based sensory
messages that accompanied them. The stimulation of the balance centers of the
brain and inner ears, the outward movements of the eyes in the face of threat,
the defensive clenching of the jaw muscles - all of these behaviors and sensory
experiences would form a large component of the cluster. The perceptions
arising from these memories could include muscle bracing and spasm, jaw
clenching, local pain, numbness and tingling, violent movement, dizziness,
deafening noise, disturbing images and blurred vision. Visceral sensations linked
to emotions and autonomic reflexes might include chest sensations of the
pounding heart, and nausea and tightness in the gut.

Autonomic phenomena invariably accompany trauma as part of the
fight/flight/freeze response, and would play a prominent part of the experiences
of the MVA. These autonomic events and the physical sensations associated
with them would actually be stored in procedural memories, and triggered with
related cues. Rapid heart-beat, soaring blood pressure, constriction of blood
vessels of the skin, dilatation of blood vessels of the heart and brain would form
part of the precise procedural memory for traumatic autonomic events. In the
face of an associated freeze response, profound drop in blood pressure and
pulse, with collapse and weakness of muscles might form a separate memory
cluster. One must recognize that in trauma, procedural memory even for the
most primitive of body processes occurs. These autonomic states would be
replicated within the specific cluster when triggered by cues from the traumatic





event, just as in the clinical example above. One wouldn't just experience the
sensations of the heart pounding, the body would actually go through these
autonomic changes when the cluster impinged on the present moment triggered
by a cue from the trauma such as another close call on the highway. One
problem with trauma, of course, is that traumatic cues may generalize (Pavlov
called it irradiation) to less specific cues with the passage of time. Under these
circumstances, the cluster may be triggered by events that don't make much
sense - the cues may become almost subliminal, such as the color red if the
other car was that color, or even nonspecific ambient life stress.

The emotional components of the traumatic event from the limbic brain will also
be stored within the dissociative capsule. Fear, terror, rage and emotional freeze
may all be experienced in the MVA, and will be reflected in the exact form and
specificity as in the accident, such a rage or terror triggered by another close call.
If the victim was also the cause of the MVA, shame may be especially prominent.

At this point, you might object that what I've defined here is simply the
component parts of what we call PTSD. | this model, we define PTSD as a
compilation of the varied procedural memories that define the dissociative
capsule. In PTSD, reexperiencing describes the emotionally linked (and therefore
implicit) declarative memories of the capsule in the form of dreams, intrusive
thoughts, flashbacks and emotional distress. Avoidance describes the
conditioned responses developed as a means of limiting exposure to the
environmental stimuli that might trigger the emergence of the capsule. Cognitive
impairment, emotional constriction, numbing and detachment probably in part
reflect endorphinergic effects of the capsule. The sense of foreshortened future
uncannily reflects corruption of the present moment, a state of conscious
perception necessary for moving into a conscious future. The future is basically
inconceivable in the absence of perception of the present moment. Finally,
arousal in PTSD simply reflects the emotional and autonomic content of the
capsule, and their associated body sensations (feelings). Dissociation therefore
becomes the defining clinical state of trauma, with the symptoms of PTSD
representing simple subsets of the capsule contents.

Layered over these procedural memories is the pervasive effect on
consciousness of endorphins, neurotransmitters that are released in large
amounts throughout the fight/flight/freeze experience and that cause analgesia, a
state of blunted pain perception, or numbing. Endorphins are released in any
threat-based experience to diminish the need for ministration to an injury that
might inhibit successful attempts at flight or self-defense. They also mediate the
freeze response so that analgesia can inhibit movement patterns that might
trigger further injury, since predators often attack only based on movement cues
of the prey. And as we've said, dissociation does have definite links to the freeze.
Endorphins also contribute to the surreal perceptions of the dissociative
experience, such as feelings of detachment, unreality, out-of-body perceptions,
confusion and distortion of body parts. Procedural memory for these distorted





dissociative perceptions is also just as precise as are somatic procedural, and
emotion-linked declarative memories. If perception was distorted as a result of
endorphins at the time of the trauma, memories within the capsule will be
similarly distorted. But what about such limited and diverse traumatic
experiences as the loss of a loved one, financial destitution as a result of
bankruptcy or an experience of profound shame? Such purely emotional events
assume the role of traumatic stress because they are associated with the loss of
systems of social support structure that pose an intrinsic threat to our existence.
They are more than sufficient to trigger both fight/flight behavior, as well as the
freeze. These experiences consist of high levels of limbic and autonomic tone,
and visceral body memories associated with those states - the chest and gut
clenching sensations of grief and hopelessness, the burning face and
lightheaded feeling of shame and the chest tightening and racing heart with the
loss of ones livelihood. Being a captive or hostage would leave a capsule with
similar autonomic and limbic content, but with predominantly fear and terror and
their typical autonomic visceral feelings. In other words, the dissociative capsule
may consist of any combination of its basic ingredients - procedural somatic,
emotional and autonomic memories, emotionally-based declarative memories
and alterations of perception by endorphins. If a common life event such as those
noted above is sufficient to create a threat to one's means of coping, and
helplessness is present based on the absence of options to solve the problem,
that event may assume the mantel of trauma, and its own dissociative capsule
may be formed. The "size" or intensity of the capsule would be dependent on the
relative intensity of the experience itself, as in surviving a plane crash vs. just
seeing the plane fly into the towers vs. childhood incest. It may also be based on
the repetitive nature of similar traumatic experiences, as in child and spousal
abuse. So repetitive sexual or physical child abuse as a child would be
associated with a capsule of great size, and highly intense and generalized cues
based on the similar physical and emotional experiences within each traumatic
event, the number of exposures over time and its meaning within the child's
social structure. The capsule associated with shame, if repeated, could be
sizeable, but might contain only autonomic, emotional and emotion-linked
declarative memories. The capsule related to a traumatic event that involved
physical injury would contain all of the elements but a predominance of
procedural body-based memories, such as chronic pain. The reinforcement of
common autonomic/limbic/somatosensory traumatic events would create a
capsule that occupies a large portion of ones autobiography of key life events,
and would therefore be more likely to interrupt the present moment frequently.
The earlier in life that these traumatic experiences have occurred, the more
intense the effects and the greater the relative size of the capsule will be, with the
same harmful perceptual effects.

The quantitative impact of many life traumas, especially occurring in childhood,
determines the amount of interference with perception of the present moment

that will occur in the trauma victim. When childhood trauma is severe, repetitive
and varied, posttraumatic dissociative perception would dominate most of their





present moment, or consciousness. This condition could well define such
pervasive states of dissociation as Dissociative Identity Disorder (DID). It's
generally recognized that DID is probably based on complex traumatic childhood
experiences, often associated with a mix of physical and sexual abuse. In this
condition, one would expect a variety of large, complex capsules, each with its
own peculiar mix of procedural memory components. Because each capsule
would have its own unique autonomic procedural memory state, the various
"alters" in DID would manifest their own unique autonomic tone and physiology
and even might manifest unique disease states. The autonomic nervous system
has a linear connection with the endocrine and immune systems, which are
influenced by the pituitary gland through the Hypothalamic/Pituitary/Adrenal axis
(the HPA). Hypertension, diabetes, even immune disorders would be based on
the specific nature of the autonomic and endocrine abnormalities created by the
specific autonomic procedural memory content of the particular capsule.

Poorly understood complex medical syndromes, such as whiplash, could be
viewed as dissociative capsules, the myofascial neck and back pain, vertigo,
labile blood pressure, temporomandibular joint syndrome, cognitive impairment
and emotional lability representing procedural memory for the myriad
somatosensory, emotional, autonomic and cognitive experiences of the event. In
fact, many of the poorly understood medical syndromes such as chronic pain
(especially headaches and low back pain), migraine, fiboromyalgia, chronic
fatigue, irritable bowel syndrome and gastroesophageal reflux syndrome
(GERDSs) would represent the procedural memory for somatic and autonomic
states within capsules created by specific or cumulative traumatic events. It is
well known that these are syndromes that fluctuate markedly, especially in the
face of life stress that may contain cues to the capsules. If one accepts this
premise, then many of the most common causes for visits to physician's offices in
fact represent the somatic symptoms generated by the autonomic and somatic
procedural memories within cumulative dissociative capsules.

The concept of trauma as a sharply defined capsule of procedural memories for
the events of the traumatic experience provides a useful structure for building a
comprehensive treatment rationale. Many accepted and validated therapeutic
techniques in trauma therapy are based on concepts of procedural memory,
classical conditioning and extinction in trauma. Cognitive behavioral, exposure
techniques, and many therapies that employ imagery basically involve, at least in
part, principles of extinction or desensitization. There is plenty of evidence that
these techniques are effective in diminishing the reexperiencing and arousal
symptoms of PTSD, but less so in reducing numbing and avoidance, symptoms
that in part reflect the dissociative experiences in trauma. | think this problem
reflects the fact that the body-based procedural memories in trauma, those
sensations that accompany various autonomic, emotional and somatosensory
states, form a large part of the trauma structure. If one accepts that the somatic
symptoms of so-called Somatization Disorder actually represent real and tangible
experiences generated within the dissociation capsule, then standard





psychotherapy based primarily on verbal context addresses only a small part of
the picture. Words do not extinguish the posttraumatic messages of the body that
we tend to ignore as part of the trauma structure. The good news is that the
incorporation of therapeutic techniques that access somatic procedural memories
of trauma, and selectively extinguishing these often neglected experiences and
their symptoms adds a whole new dimension to the therapeutic mix.

The so-called somatically-based therapies for trauma introduce the incorporation
of somatic procedural memory into the therapeutic process. At this point, | think
it's obvious that unless we specifically extinguish somatic cues within the
dissociative capsule, they will continue to emerge, trigger the dissociative state
and interfere with perception of the present moment. The persistence of
somatization, dissociative symptoms, affect regulation and depression as late
symptoms of trauma suggests that the definition of PTSD is only the tip of the
trauma iceberg. Unless one effectively extinguishes these somatic cues from
procedural memory, they will continue to intrude on consciousness and promote
further sensitization, growth of dissociative capsules and vulnerability to ambient
minor trauma.

If one accepts the premise that extinction of somatic forms of traumatic
procedural memory is an absolute prerequisite to healing - (admitting that many
do not) - then we need to address therapy from the standpoint of the
unconscious, a state that defines implicit forms of memory. We know that the
limbic nucleus, the amygdala, evaluates the emotional content of incoming
sensory stimuli and triggers arousal if those stimuli imply threat. Antonio
Damasio, in his book, The Feeling of What Happens, describes a woman with
bilateral injury to the amygdala. Although otherwise functionally normal, she
showed no capacity for fear or rage. Somehow we need to down-regulate or shut
down the amygdala while the patient images, or otherwise accesses the somatic
sensations linked to the traumatic event. Without the amygdala "on-line" the
somatic feelings of arousal will not occur, and implicit procedural memories of the
trauma - body sensations and emotionally linked declarative memories - will no
longer have a meaning of threat in the present moment of their perception. They
will be relegated to past memory, a prerequisite to dissolution of the dissociative
capsule. Effectively down-regulating the amygdala in the face of experiencing the
somatic perceptions of the trauma should extinguish this conditioned association
in relatively few trials. This process may explain the seemingly inexplicable and
sudden healing of traumatic memories seen in a number of the somatically based
therapies, such as EMDR and EFT.

What therapy processes would down-regulate the amygdala?
Rituals, especially those associated with intense social interaction, are often part

of the healing process in non-western and especially indigenous societies,
sometimes as part of the cultural norms, sometimes as practiced by tribal





healers, or shaman. They may involve repetitive behaviors such as drumming,
dancing or singing, and frequently induce trance states that are hypnotic. The
use of hypnosis in treating trauma may have its roots in this process. Ritual may
well play a role in the eye movements of EMDR, the tapping of EFT and TFT and
the repetitive affirmative statements of the latter two techniques. We know that
brain centers that participate in social and maternal-infant bonding - the
orbitofrontal cortex and the limbic cingulate gyrus - also inhibit and down-regulate
the amygdala. It makes sense that social ritual would facilitate this process.

Integration of the cerebral hemispheres brings the left hemisphere online, a
condition that is inhibited in arousal, where the left frontal cortex and Broca's
speech area seem to be selectively inhibited. Integration of the hemispheres
would theoretically interfere with and inhibit the independent function of the right
amygdala. Cerebral hemispheric integration may be achieved through alternating
visual, tactile and auditory stimulation, and might down-regulate the right
amygdala while the patient images the traumatic event, removing the arousal
charge. Bilateral hemispheric integration may be the desired effect in the
alternating touch, auditory and visual stimulation of EMDR. It also may occur with
the eye rolling, counting (left hemisphere) and singing (right hemisphere)
employed in EFT. The reprocessing of traumatic memory attributed to EMDR
might well be relegation of traumatic memories to the past through extinction of
their somatic components.

Empowerment is the ultimate goal of all trauma therapy - it removes the state of
helplessness that is intrinsic to the trauma experience. There are many ways to
accomplish this, including replicating intentionally in a symbolic fashion the
defensive movement patterns that accompanied the traumatic event but were
truncated by the freeze. This is accomplished unconsciously through accessing
the felt sense in Somatic Experiencing, and intentionally in a number of other
somatic techniques, including dance, balance, equestrian and art therapy. The
ritualistic affirmative statements of EFT and TFT also may function as tools of
empowerment. Finally, providing a conscious cognitive structure for the meaning
of the contents of the dissociative capsule after its components have been
extinguished empowers one with the knowledge that occasional recurrence of
somatic symptoms reflecting the capsule is actually an event from the past, and
not once again part of an imminent threat.

These hypotheses are clearly speculative at best. Nevertheless, the field of
trauma has yet to solve the dilemma of the cascade of often-somatic
posttraumatic symptoms that persist long after the criteria based symptoms of
PTSD have subsided. The concept of the dissociative capsule provides a
wholistic model that reflects the content of the late posttraumatic experience, and
begs for a novel approach to its resolution through the use if techniques that
address the feelings of the body. Although EMDR has achieved recognition after
years of exhaustive study, the esoteric nature of most of somatically-based
techniques has relegated them to the dustbin of accepted trauma therapy,





despite their widespread use in many parts of the world, and the many
uncontrolled studies that reflect positive results. We may have at our disposal
therapeutic techniques that ultimately promise the quality of healing trauma that
we have yet to achieve.
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During the last two decades of the 19th century, psychiatrists in Europe began to
explore and define the peculiar behavior manifested by patients of theirs who fell
under the diagnostic category of hysteria. Pierre Janet at the Salpetriere’
described dissociation as phobias of memories, in the form of expressions of
excessive or inappropriate physical responses to thoughts or memories of old
traumas (Janet, 1920). After visiting Janet, Freud adopted many of these
concepts of dissociation as a splitting of consciousness, often associated with
bizarre physical symptoms and manifestations, and ultimately attributed such
symptoms in his hysterical patients to a history of childhood sexual abuse (Freud,
1896). Evolution of the concept of dissociation led to the description of a
constellation of varied clinical manifestations attributed to it, including altered
perceptions of physical sensation, time, memory, and the perceptions of self and
reality. Complex expressions of these states came to include conversion
disorder, fugue states and multiple personalities (dissociative identity disorder)
(Freud & Breur, 1953, Mayer-Gross, W., 1935, Spiegal & Cardena, 1991,
Bremner, et al, 1992). Thus the concept of dissociation evolved to include not
only mental and emotional aberrations, but also stereotyped and unusual somatic
perceptual and motor experiences and expressions.

All of these symptoms and behaviors were felt to be the sequellae of prior life
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trauma. The basic mechanism of dissociation was felt to involve the splitting off
of parts of memory or perception in order to escape intolerable anxiety triggered
by those areas of the mind that retained elements of the traumatic conflict. Relief
from that conflict through hysterical dissociation resulted in relief from anxiety,
resulting at times in the seemingly blasé acceptance of disabling physical
conditions (la belle indifference”).

Freud, however, soon began revising his concepts of hysteria, and by 1925 had
recanted his theories of the relationship of hysteria and dissociation to prior
childhood trauma (Freud, 1959). He ultimately attributed the stories of childhood
sexual abuse in his hysterical patients to fabrication, based on unacceptable
sexual wishes and fantasies that they could not acknowledge. As a result, the
role of childhood trauma in the etiology of dissociation was basically ignored for
decades The introduction of the diagnosis of Post Traumatic Stress Disorder
(PTSD) into the Diagnostic and Statistical Manual of Mental Disorders, 3rd
edition (DSM l11) in 1980 also resulted in the reclassification of many of the
conditions formerly attributed to trauma and dissociation, and in some cases,
ignored their association with prior life trauma (American Psychiatric Association,
1980). Van der Kolk et al (1998) note that in the DSM 1V, dissociative symptoms
are included under the diagnostic categories of not only Post Traumatic Stress
Disorder, but also of Acute Stress Disorder, Somatization Disorder and
Dissociative Disorders themselves (van der Kolk, et al, 1998). In fact, in the DSM
IV, Dissociative Disorders do not include Conversion Disorder, which has now
been placed under the Somatiform Disorders. Since the DSM llI, the diagnosis of
hysteria is nowhere to be found. Van der Kolk et al (1998) make a strong case for
the consideration of dissociation, somatization and affect dysregulation as late
expressions of trauma even in the absence of continuing criteria for the diagnosis
of PTSD. In doing so, they echo the concerns of Nemiah (1995), who notes that
the diagnoses of PTSD, conversion disorder and dissociation are connected by
the common process of dissociation itself, whereas their disparate placement in
different categories of the DSM IV inhibits investigation of the psychodynamics of
trauma.

This attempt to return to the concepts of a relatively broadly-based response of
the organism to traumatic stress is critical to our consideration of the
neurophysiology of trauma and its effects not only on systems of the brain and
endocrine systems, but also on the body itself. When one accepts the tenet that
the clinical expressions of a multitude of psychiatric syndromes derive not only
de novo or through gene expression, but perhaps also through life experience
and its lasting effects on brain physiology, one must return to the concept of a
physiological continuum between many psychiatric diagnoses.

CLINICAL TYPES OF DISSOCIATION





One of the dilemmas of classification of symptoms of dissociation is that these
symptoms assume many and varied forms and expressions. They may be
emotional, perceptual, cognitive or functional. They may involve altered
perception of time, space, sense of self and reality. Emotional expressions may
vary from panic to numbing and catatonia. Altered sensory perceptions may vary
from anesthesia to analgesia to intolerable pain. Motor expressions frequently
involve weakness, paralysis and ataxia, but may also present as tremors,
dysarthria, shaking and convulsions (Please see discussion of conversion
reaction later). Cognitive symptoms may involve confusion, dysphasia,
dyscalculia and severe deficits in attention. Perceptual symptoms include ignoral
and neglect. Memory alteration may appear as hypermnesia in the form of
flashbacks, or as amnesia in the form of fugue states or more selective traumatic
amnesia. The varied symptoms of dissociation therefore mimic the intrinsic
bipolar nature of the defining symptoms of PTSD (arousal, reexperiencing,
avoidance).

Time perception is often greatly altered, most commonly characterized by a
sense of slowing of time (Terr, 1983). Altered perception of self
(depersonalization) may manifest as an out-of body experience, or a sense of
intense familiarity (de ja" vu) (Pynoos, et al, 1987). In its most extreme
expression, depersonalization may encompass perception of several separate
states of self in the form of distinct and separate personalities (dissociative
identity disorder), each with distinct personality characteristics and even physical
attributes (Mayer-Gross, 1935). Strange persons or events may appear familiar,
whereas familiar faces and scenes may appear alien and strange.

Abnormal memories also constitute a significant dissociative phenomenon.
Simple amnesia for the traumatic event is common, and may present as
complete amnesia, or as distorted or inaccurate memory content (Torrie, 1944,
Terr, 1983). Fugue states present an extreme state of amnesia, characterized by
periods of time for which the dissociative patient has no memory, often triggered
by exposure to cues reminiscent of prior trauma. During that time, the person
may appear distracted and may not remember personal facts. More often, they
may appear confused, histrionic, socially inappropriate or bizarre (Fisher, 1945).

Perhaps the most unique symptom of dissociation is that of flashbacks. These
episodes are distinctive in that they involve intense arousal and reexperiencing,
symptoms more related to acute PTSD than to dissociation (Mellman, & Davis,
1985). During these episodes, which may last briefly or for several hours or even
days, the person will also usually experience more typical dissociative
experiences such as depersonalization. Sensory processing and perception may
be greatly distorted. During flashbacks, the person may appear confused and
detached, but later may report vivid sensory and memory experiences, often
associated with intense emotions and states of arousal. The accuracy of the
associated memories may be variably valid or distorted.





Conversion reaction and hysteria no longer are described in the DSM IV under
dissociation (American Psychiatric Association, 1994). In fact the DSM IV goes
so far as to assert that if dissociative and conversion-based symptoms occur in
the same patient, both diagnoses must be made. The neurophysiological and
pathophysiological basis for dissociation proposed in this paper, however,
demands that conversion be reintroduced as a specific form of dissociation, one
that is closely linked to somatic perceptual alterations that are an acceptable and
in fact intrinsic feature of the dissociative process. The model presented
proposes that the atypical neurologic symptoms and signs that characterize
conversion constitute perceptual alterations based on prior trauma, and
represent the same splitting of consciousness that produces disorders of
perception of time, space, reality and self presented above. As such, conversion
may be associated with the same spectrum of positive and negative phenomena
as PTSD as well as other symptoms of dissociation (analgesia/pain,
paralysis/seizures).

MEMORY, TRAUMA AND DISSOCIATION

Disorders of memory constitute one of the diagnostic categories for PTSD in the
form of reexperiencing. As noted above, this may be in the form of hypermnesia,
amnesia or distortion of memory. Trauma-based memory phenomena often
involve declarative (explicit, semantic) memory in the form of variably accurate
verbal and imaginal recall of the traumatic event. Declarative memory, the form
of memory that relates to facts and events, initially involves hippocampal and
prefrontal cortical pathways and plays an important role in conscious recall of
trauma-related events. It also is notoriously inaccurate, and subject to decay.
Procedural memory relates to acquisition of motor skills and habits, to the
development of emotional memories and associations, and to the storage of
conditioned sensorimotor responses. Procedural memory is unconscious, implicit
and extremely resistant to decay, especially if it is linked to information of high
emotional or threat-based content (van der Kolk, 1994). Although declarative
memory may account for much of the arousal-based cognitive symptoms of
PTSD, procedural memory provides the seemingly unbreakable conditioned link
that perpetuates the neural cycle of trauma and dissociation.

Endogenous opiate reward systems very likely contribute to the establishment of
conditioned procedural memory in trauma. Researchers have known for decades
that exposure to overwhelming trauma in combat often results in a sustained
period of analgesia. Soldiers wounded in battle frequently require much lower
doses of morphine than in other types of incidental injury (Beecher, 1946).
Stress-induced analgesia is a well-documented phenomenon in many forms of
traumatic stress (van der Kolk, Greenberg, Orr & Pittman, 1989). Release of
endorphins at the time of acute stress has a distinct survival benefit. An animal
ministering to his wounds due to pain at the time of aggressive, life-threatening





injury would suffer significant compromise of his defensive capabilities.
Endorphins also persist during freeze/immobility, rendering the animal analgesic
in the face of the injury from the attack. This also has potential survival value,
since the persistence of immobility in the face of painful injury might serve to end
the predator’s attack behavior. In the event of lack of completion of the
freeze/immobility response, however, persistent recurrent dissociation with
associated endophinergic reward might well potentiate the kindled trauma reflex.
Endorphinergic influences might also contribute to the phenomenon of
compulsive trauma reenactment (van der Kolk, 1989).

THE ANIMAL MODEL

The behavior and physiology of the freeze response have been studied for
decades. Freezing of course is routinely seen in the wild, initially as a state of
alert immobility, as in the fawn that assumes an immobile state in the presence of
a predator. This state may proceed to sudden flight, or if the fawn is attacked and
captured by the predator, to a deeper state of freeze, one associated with
apparent unresponsiveness, and associated with marked changes in basal
autonomic state. Early immobility has the advantage for the prey animal of
remaining hidden, especially since movement cues often are necessary to elicit
attack by the predator. All animals manifest alert immobility, a state termed
"animal hypnosis" by Krystal (1988).

In the event of attack, when the creature is rendered helpless, a different state of
freezing is elicited, as noted above. Laboratory studies of this phenomenon yield
interesting results. Hofer (1970) exposed rodents to a variety of predator-related
stimuli in an open space with no means of escape. All rodents entered a deep
phase of freeze, persisting for up to 30 minutes. This state was associated with
marked bradycardia associated with cardiac arrythmias, suggesting a
pronounced state of vagal or parasympathetic tone.

Ginsberg (1974) immobilized chicks, and then allowed one group to recover
spontaneously, and one to recover, but with prodding and stimuli to terminate the
freeze. These groups, along with a third group of chicks that had not been
immobilized, were then tested for resiliency to avoid death by drowning. The
group that had not been allowed to complete recovery from immobility died first,
the group not exposed to immobility next, and the group that had spontaneously
recovered from the freeze survived the longest. Clearly the experience of and the
spontaneous recovery from freezing carries survival benefits, whereas not being
allowed to go through this recovery process seemed to reduce resiliency to life
threat.

The key to this process appears to revolve around the state of helplessness, or
lack of control. In drowning experiments, wild rats will swim for up to 60 hours





before dying from exhaustion. If these rats experience immobility in the hands of
the investigator, and then are placed into the water, they will drown in minutes.
Some rats experience sudden death during induced immobility (Richter, 1957).
The freeze response clearly is associated with high risk to the creature if it is not
allowed to dissipate spontaneously.

Studies in animals with inescapable shock (IS) further illustrate this dilemma.
Animals exposed to significant shock stimuli in an escape-proof environment
predictably freeze with subsequent shock exposure. Subsequent introduction of
routes of escape in these animals do not elicit escape behavior- the animals
remain frozen, and continue to exhibit helplessness (Seligman, 1975). They
appear to be unable to learn from new experiences, even from those experiences
that promote escape or survival. Animals exposed to escapable shock (ES),
however, soon learn to use the escape rout and do not freeze (Fanselow &
Lester, 1988). The critical factor in trauma therefore appears to be controllability
of the outcome of the threat vs. a state of helplessness. Van der Kolk, et al, have
noted the remarkable similarities between the human response to trauma, and
the animal response to inescapable shock (IS), and have suggested that IS may
be a biological model for PTSD (van der Kolk, et al,1985). Nijenhuis, et al (1998)
have presented the novel model of dissociation in humans as an analogy to the
alteration in defensive and recuperative behaviors in animals exposed to IS
(Nijenhuis, et al, 1998). Threat-associated conditioned stimuli (CS) in this model
would automatically elicit a dissociative or freeze response, rather than a
conditioned response more specific to the stimulus. Persistent dissociation would
therefore prompt the animal, or human, to be sensitized to continue to freeze, or
dissociate, to a wide range of stimuli that might be associated with threat.

Levine (1997) takes the phylogenetic model a step further, by equating the lack
of recovery from the freeze, or immobility response with retention of the stored
and undissipated energy of the truncated fight/flight response. This sustained
state of sympathetic arousal serves as the drive for the memory and arousal-
based symptoms of trauma and PTSD. He attributes the tendency for
traumatization in the human species to the inhibitory influence of selected
neocortical centers that block the instinctual capability that other wild animal
species possess, to "discharge” this retained energy. Noting that animals
emerging from immobility often manifest repetitive, almost seizure-like motor
activity, he postulates that these stereotyped motor responses are able to allow
completion of the motor sequences of successful escape or defense, and
therefore to effect an energetic discharge.

Dissociation in the animal model, then, appears to have many similarities to
behavior in animals in whom freezing has been elicited in a state of helplessness
with subsequent prevention of spontaneous recovery from immobility.
Furthermore, dissociation also may be associated with predominantly
parasympathetic tone, impaired cognition and learning behavior and a tendency
for conditioned perpetuation.





TRAUMA AND DISSOCIATION: THE WHIPLASH MODEL

We have previously presented an hypothesis that the Whiplash Syndrome
constitutes a model for traumatization rather than physical injury, and that many
of its symptoms and clinical manifestations are in fact a universal response to a
life threat in the face of helplessness (Scaer, 1997, 1999, 2001). This hypothesis
is based on the occurrence of dissociation at the time of the motor vehicle
accident (MVA) in the form of numbing and the altered state of awareness often
attributed to concussion. Subsequent clinical symptoms are based on theories of
limbic kindling in the development of the arousal-memory cycle in PTSD
(Goddard, et al, 1969, Post, Weiss & Smith, 1995, Miller, 1997). Kindling is the
name given to the phenomenon in rats of the progressive development of self-
perpetuating neural circuits produced by repetitive time- and frequency-
contingent regional electrical brain stimulation (Goddard, et al, 1969). The
behavioral expression of kindling may include epileptic seizures, but kindling is
also widely felt to be a model for a number of clinical syndromes, including
PTSD.

The neural pathways involved in the process of acquisition of this kindled
physiologic response to threat probably involve a series of events involving
primarily the locus ceruleus, amygdala, thalamus, hippocampus and right
orbitofrontal cortex (van der Kolk, 1994). Arousal-based input from a variety of
sensory organs, especially those of the head and neck, is transmitted to the
thalamus and locus ceruleus. The locus ceruleus then provides input to the
thalamus and to the amygdala, which evaluates this input for its emotional
content. The amygdala then transmits this information to the hippocampus, the
center for declarative memory, which establishes a cognitive context to the
information. This data is then transmitted to the right orbitofrontal cortex (OFC),
which organizes the appropriate cortical and autonomic response based on the
implications of the sensory information for survival. The OFC therefore functions
as a master regulator for organization of the brain’s response to threat.
Inadequate development of the OFC resulting from a maladaptive childhood
experience, or from prior brain injury may result in faulty modulation of this
arousal response (Schore, 1994).

Further regulatory control is provided by the anterior cingulate cortex, a center
that may provide a gating function inhibiting fear conditioning by inhibitory input
to the amygdala ( Morgan, et al, 1995). The locus ceruleus, through intense
adrenergic input triggered by an acute arousal stimulus, inhibits both the anterior
cingulate and the OFC, thereby inhibiting the gating and modulation functions of
these two centers. This in turn would allow exposure of the amygdala to
overwhelming internal and external arousal cues, thereby promoting the kindled
development of pathways producing the clinical syndrome of PTSD (Hamner,
1999).





Dissociation at the time of trauma is the primary predictor for the later
development of PTSD (van der Kolk & van der Hart, 1989). Individuals who
actively dissociate at the time of a traumatic event are much more likely to
develop subsequent symptoms of PTSD than those who do not (Bremner, et al,
1992, Holen, 1993, Cardena & Spiegel, 1993). Children are especially prone to
dissociate at the time of a traumatic experience, and therefore people with a
history of past trauma, especially child abuse, are more susceptible to arousal,
freezing and retraumatization after exposure to even non-specific arousal or
traumatic stimuli (Kolb, 1987).

In the whiplash hypothesis, spontaneous recovery from dissociation, or
freeze/immobility at the moment of traumatic impact often will not occur, based
on the premise that involvement in an MVA is by its very nature a model of
helplessness. The potential for dissociation to occur will predictably be greatly
enhanced by a prior history of trauma and dissociation. This state of altered
memory, perception and autonomic function may potentiate kindling between
centers for memory and arousal (amygdala, hippocampus, locus ceruleus) that
we have described above. The resulting self generated and maintained kindled
loop will then serve as the substrate for development of clinical PTSD.

From a somatic standpoint, procedural or conditioned memory for sensory input
and motor responses to the physical events associated with the actual accident
will also be incorporated into this kindled trauma response. In an event of great
arousal and threat, only one trial may be necessary for a conditioned response to
be established. Thus vestibular, ocular, and sensorimotor experiences of the
accident will be imprinted on procedural memory through traumatic operant
conditioning. These perceptions will then subsequently be elicited in exact form
by memories, flashbacks, nightmares as well as internal and external cues
reminiscent of the MVA. All of the elements of the post-concussion syndrome -
vertigo, blurring of vision, tinnitus, headache, myofascial pain - now constitute
symptoms precipitated by cue- and memory-based stimuli, and eventually by a
wider and wider range of nonspecific arousal-based events. Myofascial pain
probably represents procedural memory for the specific defensive motor stretch
reflex and its proprioceptive template precipitated by the movement of the body
in the MVA, thereafter elicited by stress or any movement pattern reminiscent of
the accident, in the form of bracing and muscle spasm. Cognitive impairment
may appear and in fact worsen based on well-documented attention and memory
deficits in dissociation and PTSD (Gill, et al, 1990, Alexander, 1992, Miller, 1992,
Bremner, et al, 1993, Grigsby, et al, 1995). None of this diverse array of
symptoms would therefore require tissue injury to produce them.

This hypothesis is dependent on the occurrence of dissociation contributing to an
unresolved freeze response as a result of life threat in the face of helplessness.
Resulting kindling would then incorporate not only the centers for memory and
arousal noted above, but also the centers providing the sensory information of





the MVA (visual, auditory, vestibular, proprioceptive sensory receptors), and the
motor centers that organized the defensive response (cerebellum, brainstem,
basal ganglia, motor cortex). Kindling and dissociation would explain the vexing
tendency for whiplash symptoms to be resistant to most forms of physical
therapy, to persist indefinitely in many cases and to worsen dramatically in
situations of ambient life stress. The proposal also incorporates somatic
symptoms into the basic theories of PTSD and dissociation, leading to a somatic
definition of dissociation that is the core of this paper.

THE AUTONOMIC NERVOUS SYSTEM IN DISSOCIATION

Patients with chronic PTSD cycle in and out of exaggerated levels of arousal and
avoidance, of panic and numbing, of terror and confusion. The panorama of
autonomic symptoms includes pallor and flushing, nausea, abdominal cramps
and diarrhea, tachycardia and light-headedness, diaphoresis and shivering. The
DSM 1V criteria for PTSD (arousal, reexperiencing, avoidance) reflect dramatic
cycling of mood from panic, hypervigilence and irritability, to numbing, withdrawal
and flattened affect. Physiologic markers of PTSD referenced in the DSM IV
include measurements of pulse rate, electromyographic and electrodermal
responses, all primarily measures of sympathetic tone. The role of the cyclical
increase in parasympathetic tone or function in trauma, however, has been
largely neglected. PTSD is in fact a bipolar syndrome, one that reflects
remarkable cyclical autonomic instability, with patterns of heightened sympathetic
arousal alternating at times with clear and dramatic parasympathetic dominance.

Oscillatory phenomena in a variety of biological systems have been studied and
documented in a number of settings. Many physiologic subsystems (endocrine,
autonomic, neurohumoral) operate in a bimodal fashion based on a variety of
rhythmic environmental and internal physiologic influences. Antelman et al (1997)
propose that exposure of such systems to chemical or behavioral stressors of
sufficient intensity can induce cyclical patterns of increase and decrease in
response to each subsequent exposure (Antelman, et al, 1996, Antelman &
Caggiula, 1996). This phenomenon seems to be applicable to such a variety of
physiological systems that the authors conclude that oscillation in response to
chemical or behavioral input may represent a general principle of biological
functioning (Antelman, et al, 1997). This may well be an innate biological reflex
designed to reestablish homeostasis, the rhythmic and balanced fluctuation of all
biological systems, be they endocrinological, neurophysiological, metabolic or
immunological (Antelman et al, 1997).

In PTSD, through unresolved peritraumatic dissociation, internal and external
stimuli impacting the central neural circuits mediating memory and arousal will
contribute to kindling, leading to internally-based stressors of associated neural
subsystems, especially the autonomic nervous system. By this model, cyclical





autonomic dysfunction will result, leading to many of the divergent but dramatic
autonomic symptoms of the traumatized victim. Thus periods of sympathetic
arousal will include symptoms of muscle bracing, bruxism, ocular divergence,
tachycardia, diaphoresis, pallor, tremor, startle, hypervigilence, panic, rage and
constipation. These states will alternate with parasympathetic dominance,
including symptoms of palpitations, nausea, dizziness, indigestion, abdominal
cramps, diarrhea and incontinence. Although many of these symptoms are often
attributed to somatization disorder, they in fact represent the extremes of the
cyclical autonomic dysfunction seen in trauma, are inherently self-perpetuating,
and contribute to continued abnormal autonomic oscillation. The syndrome of
trauma has now literally taken control of the body.

As the kindled cycle of PTSD continues and becomes chronic, avoidance and
withdrawal become increasingly prominent, often with subsidence of symptoms
of arousal, hypervigilence and phobia. At this point, the DSM IV-based criteria of
PTSD no longer specifically justify the diagnosis, and patients are usually given
diagnoses of somatization disorder, dissociative disorder, conversion or
depression. With time, the role of trauma in the patient’s syndrome may be
ignored. Although autonomic oscillation is still apparent, it is clear that the
prevailing symptom complex reflects a state of parasympathetic dominance.
Endocrinological measures now tend to show a state of low serum cortisol
(Mason, et al, 1986, Yehuda et al, 1990), also commensurate with evolving
parasympathetic tone. This trend is associated with behavioral responses
including social isolation and withdrawal, substance abuse, constricted affect,
denial, cognitive impairment and dissociation, all relatively parasympathetic
states.

Another compelling rationale for this process may be drawn from the
phylogenetic role of the parasympathetic nervous system, specifically the vagal
system, as presented in the Polyvagal Theory of Emotion by Porges (1994).
Porges emphasizes the phylogenetic layering of arousal responses in mammals,
based on the varied functions of the vagal nuclei. The dorsal vagal complex
(DVC), composed of the dorsal motor nucleus of the vagus and nucleus tractus
solitarius, is a vestigial and primitive center, primarily useful in reptiles for energy
conservation. In the low oxygen-demand system of the reptile, the DVC shuts
down the energy-use system by inducing marked bradycardia and apnea, as in
the reptilian dive reflex. The ventral vagal complex (VVC), unique to mammals, is
a recent adaptation to the high oxygen need of this class of animals, and finely
tunes energy utilization by subtle and flexible influences on heart rate. The early
alerting response seen in animals consists of raising the head from grazing,
orienting with the head to the source of the new, potentially threatening stimulus,
widening of palpebral fissures, and sniffing for scents. This energy-conserving
reflex is mediated by the VVC, and employs the locus ceruleus, which has rich
connections with sense organs of the head, as well as the muscles of the head
and neck. If sufficient information of threat is attained through this reflex, the VVC
response is inhibited and the animal will progress to the neuromuscular and





cardiovascular mechanisms of the epinephrine-based fight/flight response. If
deterrence of the threat through defense or flight fails, the animal enters a state
of helplessness, associated by a marked increase in DVC tone, initiating the
freeze/immobility response. This state of deep parasympathetic tone is
associated with marked bradycardia, apnea, sphinctor relaxation and
gastrointestinal activation.

A persistent state of DVC activation, however, is common to reptiles, but in fact
dangerous for mammals due to its association with marked bradycardia and life-
threatening arrythmias. The spontaneous death of wild animals during induced
states of immobility in the laboratory setting attests to this danger, as does the
remarkable mortality rate of wild mammals introduced to the zoo environment
(Seligman, 1987). In humans, this state of immobility and "suspended animation”
perhaps has its most extreme expression in the phenomenon of Voodoo death,
as described by Cannon (1942). The study of death in the freeze/immobility
response in animals reveals that death occurs by cardiac arrest during diastole,
or relaxation of the heart, in a state of complete cardiac flaccidity and
engorgement with blood (Richter, 1957, Hofer, 1970). The extremes of vagal
parasympathetic tone as manifested in the state of DVC activation therefore
contribute greatly to the generation of severe emotions, especially those of terror
and helplessness. Although freeze/ immobility states in mammals may be useful
for short-term survival, prolongation or repeated activation of that state clearly
has serious implications for health and long-term survival. The model of disease
presented here suggests that the gradual descent into dissociation and
parasympathetic dominance in chronic unresolved PTSD constitutes just such a
state of peril.

SOMATIC DISSOCIATION

As suggested earlier, dissociation may be accompanied by split or altered
perceptions not only of self and reality, but also of parts or regions of the body.
The clinical impairment experienced by the dissociated individual under those
circumstances will almost always present as physical deficits that defy
physiologic explanation by examination, laboratory tests or imaging studies.
Diagnoses entertained by physicians in these states include hysteria, conversion
and psychosomatic disorders. The cause for these states is uniformly assumed
to be psychological, and the common factor to be stress. Almost all of the deficits
have a neurological nature, and may affect any system, including visual, auditory,
vestibular, speech, balance, sensation and motor function. Seizures and fainting
are common expressions of this state.

Symptoms associated with conversion may appear to be exaggerated, and
findings do not conform to those objectively seen in actual disease or injury of the
nervous system. Thus, sensory loss usually presents in a "stocking/glove"





distribution, rather than the layered dermatomal loss seen is lesions of the spinal
cord. Weakness is diffuse and inconsistent, with a "give-away" quality.
Symptoms are often one-sided, and findings may fluctuate in time, with ambient
stress often enhancing the symptoms. Conversion symptoms occur more
commonly in lower socioeconomic and less developed countries and cultures,
and in women (American Psychiatric Association, 1994). From patient to patient
and culture to culture, however, the seemingly varied syndromes of conversion
have a remarkably constant theme that demands consideration of a common and
as yet undefined neurophysiologic mechanism.

The medical literature does not address this attempted crossover between
psychological and physiological factors in conversion and related disorders.
Concepts presented in this model are based on the evaluations of thousand of
patients who have experienced physical trauma in motor vehicle and other types
of accidents, and who, to a varying degree, have also manifested symptoms of
having been traumatized as well. Many of these patients have presented with
symptoms and signs of conversion, and with minute observation of their physical
states and behavioral symptoms, several conclusions appear to be inescapable.

Patients with conversion in this setting seldom present with la belle indifference,
but rather exhibit early symptoms of arousal and distress consistent with PTSD.
Their symptoms are remarkably common from patient to patient. Difficulties with
speech elocution and mechanics are common, with word blocking, stutter and
unusual dysarthric patterns of speech. One-sided or one upper extremity sensory
loss is almost universal, associated with severe problems with dexterity on the
same side. This sensory loss is invariably "non-physiological”, often stocking and
glove in distribution. Balance is impaired with variable swaying and staggering
patterns not consistent with impairment of intrinsic brainstem balance centers.
With careful observation, many such patients experience a physical sensation of
arousal if the examiner presents a visual stimulus to them from a part of the room
on the same side as their predominant non-physiologic symptoms. This pattern
of arousal is most commonly experienced as nausea or dizziness, and may be
associated with flushing, suggesting the influence of VVC activation as part of the
early response to threat.

The concept of peripheral perceptual boundaries in psychological terms relates
primarily to subtle areas of our sense of self that we perceive in relationship to
others, the regions of appropriate limitations in personal and social interaction. In
the model of somatic dissociation presented here, this concept of boundaries
relates to an actual physical perceptual whole, or continuity of self, that
represents the limits of the unconscious but perceived area defining the safe
extent of our physical expression. The area comprising this space is directly
proportional to the experience of previously unresolved life threats, and the
continuity of the perceptual boundaries surrounding this space is dependant on
the perceptual experience of severe threat within a specific boundary sector.
Findings in testing the boundaries of a traumatized patient reveals that the area





of a person’s perception where they first experienced the warning of the
impending threat (eg — the approaching automobile) will thereafter be an area
where accessing any stimulus is intrinsically threatening. As a result, passing a
hand around the periphery of that person’s visual field at the distance of 3-4 feet
will often produce an arousal response in the region of perception of prior threat.
Such patients have developed a conditioned arousal reflex within areas of their
perceptual surround, or boundary. Predictably, persistent ambient subliminal
sensory perceptual experiences within that region, whether visual, tactile or
proprioceptive in nature, will result in conditioned arousal and will perpetuate the
kindled trauma reflex. Just as the chronic victim of PTSD will freeze or dissociate
in the face of familiar threat, the part or region of the body representing the
proprioceptive and somatic procedural memory for the threat experience will be
selectively dissociated, leading to the nonphysiological signs of conversion. It will
come as no surprise, therefore, that many patients with localized signs of
conversion will experience symptoms of discomfort and arousal with presentation
of visual or other seemingly benign stimuli within those regions of their boundary
perception that now possess the sensory perception of threat.

In addition, with further close observation of such patients, one may detect
unusual but reproducible physical changes in the dissociated portions of their
body. My awareness of these physical phenomena began when one patient with
"hysterical" right sided hemianesthesia, weakness and clumsiness related that
her hairdresser had noted that her hair grew much more slowly on the right side,
and was of a different texture. Close observation revealed that in addition, her
hair was more sparse on the right side of her head. Examination of the patient’s
right hand and arm then revealed that her fingernails were broken and ridged, the
hand was cooler than on the left, and finger hair growth was diminished. Close
observation of other similar patients subsequently documented signs of
dystrophic skin, hair and nail changes in many patients in parts of the body
manifesting signs of conversion. Finally, several of these patients proceeded to
develop clear-cut signs of sympathetically maintained pain, or reflex sympathetic
dystrophy (RSD).

REFLEX SYMPATHETIC DYSTROPHY

Sympathetically maintained pain, complex regional pain syndrome, and RSD
comprise fairly common, well recognized but controversial and poorly understood
pain syndromes, by definition associated with vasomotor autonomic symptoms
and signs in the affected body parts. The extremities, especially their distal
portions, are predominantly affected. Described by S. Wier Mitchell in the Civil
War, the syndrome perhaps is most common in traumatic injuries of the
extremities, but also may follow seemingly trivial injuries such as minor bruises or
overuse injuries (Mitchell, et al, 1864, Schwartzman & McLellan, 1987). The
syndrome is characterized by severe, often burning pain in the affected area,





associated with variable signs of vasomotor dysfunction, both parasympathetic
and sympathetic. These signs may include abnormal hair growth or loss,
erythema and warmth, or pallor and coolness.

With unsuccessful treatment and progression of the syndrome, signs of
vasoconstriction and dystrophy predominate, hence to term sympathetic.
Attribution of the syndrome to abnormal sympathetic autonomic tone is supported
at least in part by the fact that the injection of related ganglia of the sympathetic
nervous system may provide variable relief of pain. Many investigators feel that
the central nervous system may be involved. Dystonic postures of the affected
limbs are common. Electromyographic and nerve conduction studies of RSD
reveal that the character of this dystonia is more typical of voluntary holding of
the posture than of comparable dystonias in patients with brain lesions (Koelman,
et al, 1999). The authors go so far as to say, "In causalgia-dystonia, central
motor control may be altered by a trauma in such a way that the affected limb is
dissociated from normal regulatory mechanisms" (p. 2198).

The model presented here proposes that regional somatic dissociation exposes
the dissociated member or region of the body to selective vulnerability to the
effects of existing cyclical and oscillatory autonomic dysfunction associated with
the neurophysiological changes of unresolved trauma. In this state, that region or
part may then be vulnerable to vasomotor oscillation, with vasoconstriction and
functional reduction in blood flow ultimately creating the ischemic tissue
pathology characteristic of RSD. This syndrome, as often is the case, comprises
a continuum, or spectrum of clinical expression, from the subtle signs seen in
most patients, to the full-blown pain, dystrophic changes and dystonia of RSD.
Dissociation, by this model, is a neurophysiological syndrome of central nervous
system origin. It is initiated by a failed attempt at defensive/escape efforts at the
moment of a life threat, and is perpetuated if spontaneous recovery from the
resulting freeze response is blocked or truncated. Lack of recovery from this
freeze response results in conditioned association of all sensorimotor information
assimilated at the time of the traumatic event into procedural memory, to be
resurrected at times of subsequent perceived threat as a primitive conditioned
survival reflex. This procedural memory acquisition initially is elicited by internal
and external cue-specific stimuli, but because the threat itself has not been
resolved, internal cues persist without inhibition from external messages of
safety, and kindling is triggered in the cortical, limbic and brainstem centers
previously discussed. Recurrent dissociation in response to arousal accompanies
this cycle and facilitates the development of pathologic autonomic oscillation.
Physiologic inhibition of perception of those parts or regions of the body for which
the brain holds procedural memory of their sensory input at the time of the threat
results in the syndrome of conversion and regional somatic dissociation.
Divorced from the normal trophic benefits of cerebral perception, these regions
are subject to the extremes of vasomotor instability of late trauma, and develop
syndromes of pathologic vasoconstriction and ischemia, leading to RSD.





THE DISEASES OF TRAUMA

Selye (1936) has generally been credited with the concept that prolonged or
excessive exposure to stress could contribute to the development of a group of
specific diseases. These diseases predominantly reflected exposure to elevated
levels of adrenal cortical hormones as part of the modulating role of cortisol on
the hypothalamic/pituitary/adrenal (HPA) axis in stress. Thus rats exposed to
prolonged and excessive stress developed erosion of the gastric mucosa,
atherosclerosis and adrenal cortical atrophy. Other specific pathologic effects of
excessive cortisol exposure include immune suppression, elevated serum lipids
and atherosclerosis, diabetes, osteoporosis, hypertension, peptic ulcer disease,
obesity and cognitive/emotional impairment. Many of these effects are now well
described in the medical and lay literature as "diseases of stress".

The relationship of the long-term effects of trauma (as opposed to stress) and
disease are less well documented. Whereas ongoing stress is easily identified,
the past experience of traumatization is masked by the evolution of the resulting
syndrome into experiences, symptoms and behaviors that ultimately are
attributed to characterological and psychological causes — i.e. — that are due to
internal rather than external events. This perception is basically correct in that the
internal events in trauma are self-driven and capable of changing somatic
physiology in the absence of external influences. This concept is also in keeping
with the physiologic effects of somatic dissociation, which are driven by internal
brain-based mechanisms that are self-perpetuating. Therefore, one would not
expect the diseases of trauma to reflect the generally cortisol-based syndromes
of acute and even chronic exogenous stress. Rather, one would predict that
diseases of trauma would reflect autonomic regulatory impairment, both
sympathetic and parasympathetic, with a predominance of vagal and
parasympathetic syndromes in the later stages.

This model of disease in trauma would predict that vasomotor symptoms and
signs would be likely, with both trophic and dystrophic components, the latter
reflecting vasoconstriction and ischemia. Cardiac, pulmonary, bowel and
exocrine gland dysfunction should be predictable. Abnormalities of strength,
muscle tone and endurance should be common. Lowering of serum cortisol in
late stages of trauma might lead to relative lack of immune inhibition, and
therefore to hyperimmune syndromes. One would also expect these syndromes
in some cases to manifest remarkable periods of exacerbation and remission
based on autonomic oscillation, and to be specifically sensitive to exacerbation
by external stress. Fluctuating symptoms of cognitive impairment especially
related to attention and memory would be common in many of these conditions.
One would expect an unusual association of the emotional symptoms of late
trauma, including affect dysregulation, dissociation, somatization, depression,
hypervigilance and denial/avoidance. A psychosocial trauma history in many





cases might reflect a history of substantial life trauma, especially in childhood.

Among other manifestations, these diseases would at least in part show
evidence of abnormal parasympathetic tone, perhaps along with sympathetic
vasoconstrictive dystrophic and ulcerative phenomenona. Diseases and
syndromes of the gastrointestinal system that fall into this general concept of
diseases of trauma include peptic ulcer and gastroesophageal reflux disease,
irritable bowel syndrome, Crohn’s disease (regional ileitis) and ulcerative colitis.
All reflect organ hypermotility, excessive glandular secretion and in some,
ulcerative features. Cardiac syndromes would likely reflect the cardiac
abnormalities associated with DVC dominance, and be associated with a variety
of tachy- and bradyarrythmias, including those seen in mitral valve prolapse.
Bronchial asthma, a syndrome primarily manifested by stress and hyperimmune-
induced abnormal organ-specific parasympathetic events (bronchospasm and
hypersecretion) has many of the criteria predictable in diseases of trauma.
Interstitial cystitis is a condition characterized by pain, spasm and ulceration of
the bladder wall, combining the parasympathetic/dystrophic elements of many of
these syndromes.

One of the most perplexing and controversial chronic syndromes that may fall
into this category is that of fibromyalgia/chronic fatigue. Protean symptoms
include diffuse and severe musculoskeletal pain, impaired and nonrestorative
sleep with chronic fatigue, stiffness, headaches, anxiety, hypervigilance,
cognitive impairment, ocular and vestibular symptoms and paresthesias.
Associated syndromes include irritable bowel syndrome, interstitial cystitis, mitral
valve prolapse, and esophageal dysfunction (Clauw, 1995). Low serum cortisol
and HPA axis dysfunction similar to that in late PTSD have been documented
(Crofford, 1996). Fibromyalgia syndrome primarily affects women, and
controversial but suggestive evidence for an increased incidence of childhood
sexual and physical trauma in fibromyalgia patients has been documented
(Boisset, et al, 1995). Fibromyalgia arising de novo from a traumatic experience
has been well-documented (Waylonis & Perkins, 1994). While recognizing that
overwhelming circumstantial evidence does not constitute medical scientific
proof, fiboromyalgia/chronic fatigue syndrome appears to present a prototypic
syndrome for the model of the diseases of autonomic dysfunction seen in late
trauma.

The rationale for RSD as a dissociative/autonomic posttraumatic disease has
been presented. Chronic pain in instances where documented structural
pathology is not apparent very likely represents another syndrome of late trauma.
Phantom limb pain appears to represent the prototype for this model. This
syndrome occurs much more commonly when the amputation was associated
with a traumatic injury. Persisting representation of pain in an absent organ or
body part suggests procedural memory for that pain as a conditioned response.
The critical element for that memory to be conditioned, of course, is the
unresolved threat associated with the injury producing the pain itself. One must





remember that severe pain itself may be traumatizing, and that the medical
system in which that pain was managed has many potential sources of traumatic
stress (Scaer, 2001, Chapter 9). Conditioned imprinting of pain in procedural
memory of course implies that trauma will have occurred in a state of
helplessness without opportunity for spontaneous resolution of a freeze
response. Under those circumstances, the specific pain will continue to represent
the threat, and be retained for late survival purposes in conditioned procedural
memory.

An underlying state of vulnerability to traumatization would also be a predictable
substrate for the development of chronic pain in the injured individual. Victims of
child abuse or multiple prior traumatic events clearly possess this vulnerability,
and would be predicted to be susceptible to the incorporation of a newly painful
experience into procedural memory in the model described above. The trauma
literature amply documents the high incidence of chronic pain of many types
seen in victims of child abuse relative to the general population. Types of pain
represented in these studies include pelvic, back, abdominal, head, orofacial
pain, and chronic pain in general. Also documented is the extremely high
incidence of childhood abuse in patients referred to centers for chronic pain
treatment (Rapkin, et al, 1990, Wurtele, et al, 1990, Toomey, et al, 1993, Walling,
et al, I, 1994,Walling, et al, 1l, 1994,).

A number of studies and proposed models of disease suggest that trauma may in
part contribute to the autoimmune diseases. As noted, the lower serum cortisol
documented in late PTSD might be related to increased immune activities in vivo
(Yehuda, et al, 1993). Indeed, Watson et al (1993) have documented increased
reactivity of skin to antigens in combat-related PTSD (Watson, et al, 1993). Other
authors have specifically proposed that the low cortisol state of late PTSD might
well present the substrate for a hyperimmune state (Friedman, & Schnurr, 1995,
p. 518). More recently, the ratio of lymphocytic phenotypes documented in
victims of childhood sexual abuse with PTSD showed a pattern indicative of
lymphocytic activation. This finding supports the likelihood of increased immune
activity in these patients, suggesting the potential for a hyperimmune state in late
PTSD (Wilson, et al, 1999). Supported by an exhaustive literature review,
Rothschild and Masi present a strong argument for a vascular hypothesis for
rheumatoid arthritis (RA) incorporating as a cardinal feature vasoconstriction and
tissue hypoxia, both of which have been well-documented in RA. Hypoxia of the
arteriolar wall leads to vascular permeability with release of antigens into
surrounding tissues. The resulting immune response therefore represents a
relatively secondary feature of RA (Rothschild, & Masi, 1982). This theory,
supported by an extensive array of studies, is in keeping with the model of
autonomic and vasomotor dysfunction presented previously as a template for
trauma-related disease processes. Such findings by no means provide a specific
link between prior trauma and the autoimmune diseases, but suggest an avenue
for further investigation of a possible relationship between trauma and
autoimmune processes.





Perhaps a more compelling and immediate avenue for investigation relates to the
studies of morbidity and mortality in trauma. Victims of trauma have long been
known to experience increased morbidity and mortality rates (Friedman &
Schnurr, 1995). Many of these studies focus on the late health problems of
former prisoners of war (POW'’s) (Beebe, 1975, Page, 1992). Cardiovascular and
gastrointestinal diseases predominate in this group of late trauma victims,
although emotional sequellae related to depression and cirrhosis of the liver
associated with alcoholism contributed significantly to mortality. When the
diagnosis of PTSD is added to the equation, however, the health effects of
trauma are noted to increase substantially, with the cardiovascular diseases
predominating (Friedman & Schnurr, 1955, Wolff, et al, 1994,).

From the early morbidity intrinsic to Selye’s model of stress, to the late effects of
autonomic dysregulation, and pathologic vagal dominance, the potential and real
health effects of trauma are clear. Unfortunately, the trauma necessary to place
the individual at risk may be as subtle as adverse childhood experiences. Felitti
et al, (1998) found a strong graded relationship between the breadth of exposure
to abuse or family dysfunction during childhood and multiple risk factors for
several of the leading causes of death in adults (Felitti, et al, 1998). Adult
diseases that were endemic in those who had experienced childhood abuse or
family dysfunction included ischemic heart disease, cancer, chronic lung disease,
skeletal fractures, obesity and liver disease. Additional diseases attributable to
risk exposure and behavior included sexually transmitted disease, alcoholism,
drug abuse, depression and suicide. This study is particularly disturbing in that it
shows that the "trauma" of childhood in these high-morbidity cases was often as
indirect as living with family members who were mentally ill or substance
abusers. The sensitivity and vulnerability of the developing child to a loss of
nurturing and safe boundary structure, and the adverse effects of this loss
throughout life on emotional and physical health appear to be frighteningly clear.

CONCLUSION

We have presented a model of altered brain function precipitated by a traumatic
event whose completion or resolution was truncated or aborted by lack of
spontaneous resolution of a freeze/immobility response, a phenomenon closely
allied to the clinical psychological state of dissociation. In addition to the arbitrary
psychiatric diagnosis of PTSD, this state is associated with a complex set of
somatic pathologic events characterized by cyclical autonomic dysregulation, and
an evolving state of vagal dominance involving primarily the dorsal vagal
nucleus. The sympathetic portion of this cyclical physiologic complex primarily
involves vasoconstriction, with dystrophic and ischemic regional changes,
especially in regions of the body that have been subject to dissociation due to
their residual representation of sensory messages of threat stored in procedural





memory. The experimental model of kindling is intrinsic to the self-perpetuation of
this pathologic process, driven by internal cues derived from unresolved
procedural memory of threat, and enhanced by endorphinergic mechanisms
inherent to both the initial response to threat, and to subsequent
freeze/dissociation.

In this context, a variety of chronic diseases are postulated to represent late
somatic expressions of traumatic stress. These diseases are of remarkably
varied expression, but with a common thread of autonomic cyclical instability,
frequently subtle vasoconstrictive/ischemic features, and usually pain. They are
generally distinct from those diseases frequently attributed to stress, although
these "stress-related" diseases often occur simultaneously and are definitely also
more frequent in the adult population of those persons who have experienced
trauma.

This model rejects the concept that the terms "somatization”, "conversion”,
"hysterical", "psychological”, or "psychosomatic” have any viable meaning in the
definition of a symptom complex or disease state. It places all of these terms in a
pathologic somatic context associated with subtle, but definable and objective
clinical findings and manifestations of disease. It moves beyond the concept of
mind/body medicine to the concept of a mind/brain/body continuum.

By attempting to isolate psychosomatic disease processes into a distinct
category, we are ignoring perhaps the major cause for the group of diseases that
members of the healing professions probably understand the least, and treat the
most ineffectively — chronic diseases of unknown cause. Many of these diseases
are due to impairment of regulation, rather than due to the invasion of microbes,
toxins or other extrinsic agents. As such, they present a unique opportunity for
those practitioners, researchers and teachers in the area of applied
psychophysiology and biofeedback who have dealt with concepts of self-
regulation and healing for the past 40 years. If one accepts the concepts of
myofascial pain, visceral dysfunction, chronic pain and systemic diseases such
as fibromyalgia presented above, it quickly becomes apparent that biofeedback
practitioners have been treating symptoms and conditions primarily driven by
past trauma in most of their patients. Not surprisingly, their techniques have often
been more effective than polypharmacy and many medical/surgical techniques.
Application of advanced techniques such as cerebral regulation through
neurofeedback and autonomic regulation through control of heart rate variability
(HRV) may have profound implications for healing trauma by providing a unique
means of access to the conditioned autonomic responses that drive the trauma
reflex.

Finally, as clinicians, we must look beyond the dysfunctional behavior apparent in
many of these patients, to the neurophysiological and autonomic dysregulation
that is the source of their symptoms and eventually their disease. Medical
science must shed the concept that a symptom not measurable by current





technology is "psychological”, and therefore invalid. And physicians must reject
the pejorative implications of the term somatization, and stop further
traumatization of patients by subtly implied rejection.
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ABSTRACT

Dissociation as a clinical psychiatric condition has been defined primarily in terms
of the fragmentation and splitting of the mind, and perception of the self and the
body. Its clinical manifestations include altered perceptions and behavior,
including derealization, depersonalization, distortions of perception of time, space
and body and conversion hysteria. Using examples of animal models, and the
clinical features of the whiplash syndrome, we have developed a model of
dissociation linked to the phenomenon of freeze/immobility. Also employing
current concepts of the psychobiology of posttraumatic stress disorder (PTSD),
we propose a model of PTSD linked to cyclical autonomic dysfunction, triggered
and maintained by the laboratory model of kindling, and perpetuated by
increasingly profound dorsal vagal tone and endorphinergic reward systems.
These physiologic events in turn contribute to the clinical state of dissociation.
The resulting autonomic dysregulation is presented as the substrate for a diverse
group of chronic diseases of unknown origin.
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Memory mechanisms play a critical role in forming the complex neurophysiologic
fabric if traumatization. The odds of a lasting memory being implanted in those
centers of the brain related to memory storage is directly proportional to the
arousal or emotional content of the experience that accompanied the event to be
remembered (1). One usually tends to remember important life events with little
difficulty. Not only are they associated with specific meanings to us, but they are
also usually associated with strong emotions, both negative and positive. Those
of you in my generation tend to remember with vivid clarity what they were doing
at the exact moment that they learned about the fact that President Kennedy had
been shot. We usually remember with remarkable detail, the events of our
weddings, the funerals of loved ones, the greatest moments of success of our
children, the news that we have a critical illness, or the vivid experience of a
serious physical injury. All of these events are associated with heightened
emotions, alertness or arousal. Animal experiments reveal that they learn certain
tasks more quickly if the task is paired with an arousing stimulus as opposed to a
neutral stimulus. The area of the brain most responsible for processing of
memory associated with emotion is the amygdala, the small bulb-shaped nucleus
at the anterior tip of the limbic system in the mesial temporal lobe. The sensory
nuclei of the thalamus receive afferent input from sensory organs throughout the
body that they then transmit to the amygdala. The amygdala also receives
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information concerning the state of arousal associated with this sensory
information in the form of norepinephrine-mediated messages from arousal
centers of the brainstem, particularly the locus ceruleus. The locus ceruleus has
rich connections with the primary sensory organs of the head and proprioceptive
receptors in the neck. Positioning of the head both in the act of orienting to
sources of food as well as sources of threat is critical to accessing environmental
sensory information via the organs of smell, taste, vision, hearing and vestibular
sensation. This sensory input is transmitted via the thalamus to the locus
ceruleus as well as to the amygdala except for olfaction, which sends messages
directly to the amygdala. With sensory input via these sources, the amygdala
evaluates the emotional meaning of the incoming information, and integrates the
memory image of the event with the emotional experience (2). This information is
then transmitted to the hippocampus, another mesial temporal structure in each
temporal lobe. Here the information is categorized, compared with past stored
information and then passed on to right orbitofrontal lobe structures which begin
the process of organizing behavior in response to the incoming sensory stimuli
(3), and of routing messages to appropriate areas of the cerebral cortex for more
complex memory organization.

DECLARATIVE VS NONDECLARATIVE MEMORY

Two clearly distinguishable and separate memory systems in the brain have
been recognized. Declarative or explicit memory is concerned with verbal and
semantic memory for facts, events and information- i.e. “knowing that” (4). It is
conscious, intentional and is the part that we use in acquiring information and a
formal education. It contains subsystems for episodic memory related to personal
experience, and semantic memory transmitted from another’s experience, as in
education. Damage to the hippocampus, the brain region probably most
important in declarative memory, results in the inability to store conscious new
information, as well as excessive responsiveness to environmental stimuli (5,6).
Post-traumatic amnesia is characterized by the loss of a segment of declarative
memory. It is often one of the earliest functions lost in Alzheimer’s disease and
other organic dementias. Declarative memory is also affected and sometimes
distorted by the emotional content of the associated experience, and may be
notoriously inaccurate. This is clearly illustrated by the varying stories told by
survivors of the same traumatic natural disaster or life event, and by the
occasional change and distortion of old memories through new life experiences.
Declarative memory probably represents only a small fraction of stored memory.

Nondeclarative, or implicit memory, is responsible for storing acquired skills,
conditioned responses and emotional associations- i.e. “knowing how” (4,7). It is
unconscious, and governs much of that part of our daily activity that is automatic
and instinctual, based on past experiences and training. The part of
nondeclarative memory that serves skill and habits as well as conditioned
sensorimotor responses is called procedural memory. All of the motor skills that
we learn and never forget, such as musical, artistic and athletic talents are stored





in procedural memory. Procedural memories are readily acquired without
intention, and retained forever without awareness, especially if they are linked to
a coincident emotional event (2). They are acquired and stored without the
necessary involvement of conscious memory centers serving declarative
memory, such as the hippocampus and prefrontal cortex. Motor skill memories
are probably in part stored in the brainstem and extrapyramidal centers
controlling basic primitive postural reflexes. Another type of nondeclarative
memory is involved in the process of unconscious conditioned behavior.
Conditioned responses or memories may involve the sensorimotor or autonomic
nervous systems and are by definition unconscious. In Pavlov’s classic
experiment, the induction of consistent salivation in a dog by ringing a bell after
pairing the bell with feeding is linked to nondeclarative memory mechanisms.
Conditioned responses of this type require reinforcement by continued pairing of
the external stimuli to maintain the conditioned behavior. If the bell rings enough
times without presentation of the food, the salivation response will undergo
extinction and will disappear. This type of conditioning, unlike most procedural
memory, is not permanent. If, however, the paired stimuli include a component
involving high arousal or emotion, it will take fewer trials of exposure to produce
the conditioned behavior, and more trials of unpaired stimuli to extinguish it. In
fact, if one of the stimuli represents a life-threatening event, the conditioned
response may appear after one trial and never be extinguished. This of course is
an example of the conditioned response to acute trauma, and is specifically
related to the events and symptom complex accompanying the Whiplash
Syndrome. With these concepts of procedural and conditioned memory linked to
arousal we can begin to reexamine the Whiplash Syndrome in an entirely new
light.

SOMATIC RESPONSES TO STRESS

At or even before the moment of impact of two automobiles, the occupants
undergo a predictable series of neurophysiological events. Whether or no the
impact was anticipated based on the presence of preceding sensory input may
have a bearing on these events and the resulting symptoms. Attempts to
determine whether symptoms are worse in the presence or absence of a warning
have had mixed results. The prevailing opinion is that anticipation allowing the
ability of the person to brace for the impact should diminish injuries. At least one
study suggests that the element of surprise resulted in more severe injuries (8).
Symptoms indeed may differ in these two situations, but the outcomes are
probably similar. Sensory input usually involves visual or auditory awareness of
the impending crash and may have an effect on the content of subsequent
memories related to the trauma. In either case, within milliseconds, the thalamus
receives a barrage of messages from visual, auditory, proprioceptive and
vestibular sensory organs, which are then sent to the amygdala for analysis of
emotional content. Based on the potential life-threatening nature of the event,
and with input from locus ceruleus, the systemic release of epinephrine from
adrenal medulla along with brainstem norepinephrine, will trigger the





physiological sequence of the fight/flight response, both within the central
nervous system and somatic end organs.

The systemic manifestations of the fight/flight response are of course predictable,
but worth reviewing in the context of the accident itself. The eyes will widen, the
pupils will dilate and the eyes diverge slightly in order to achieve maximal visual
access to the threat. The pulse, systolic blood pressure and cardiac output will
markedly increase. Skeletal muscles will exhibit increased tone in preparation for
action, but at the same time will be subjected to powerful forces involving stretch
and torque in a variety of directions. As the car is moved in one direction as a
result of the impact, inertia will inhibit the body from immediately moving,
resulting in an apparent movement in the direction of the impact. Stretch
receptors in muscles on the side opposite the source of impact will be activated,
resulting in selective intense contraction of these muscles on a reflex basis
through the gamma motoneuron circuitry. As the rate of acceleration decreases,
the body will then rebound, moving next in the direction of the impact, and
activating stretch receptors on the side of the impact, but to a much less degree.
Based on any rotational positions of the body at the moment of impact, torque
forces will also activate varied muscle groups on both sides of the body, causing
a complex and diffuse pattern of muscle bracing which is predictably
asymmetrical and regional in distribution. The rapid acceleration/deceleration
forces in varied directions will cause marked perturbation of vestibular receptors
in the semicircular canals. Activation of vestibulospinal pathways will further
contribute to postural muscle bracing patterns based on directions of movement
of the head. Proprioceptive input from ligaments, tendons and muscles will result
in further reflex postural holding patterns. Those parts of the body involved in
control of the vehicle, especially the hands on the steering wheel and feet on
brake or accelerator pedals, will react based on procedural memory patterns of
motor driving behavior, and will brace, clench, or turn in reflex reaction to visual,
vestibular and proprioceptive input. At the same time, the marked shift in
sympathetic tone will inhibit the vegetative functions of the viscera and
cardiovascular system. With the MVA victim in an acute state of fight/flight
readiness, and subjected to powerful gravitational forces, the next physiological
demand calls for completion of the high level physical activity required to
dissipate the effect of adrenergic arousal on the body. At this point the meaning
of the event and the relative empowerment of the victim to pursue the physical
activity of the fight/flight response become critical. The basic concept of transport
in a vehicle of conveyance actually becomes a profoundly important issue.

THE MEANING OF SPEED
VEHICULAR TRANSPORT AND SOCIETY
Although human beings have traveled in wheeled vehicles drawn by horses or

other animals for centuries, the speed of travel has been generally slow, and the
distances short. The advent of mechanized, relatively high-speed travel with the





invention of the steam engine in the 19th century has had a remarkable effect on
human society. Distances have shrunk, the pace of life and the amount
“accomplished” in a unit of time have increased, and humans have become
accustomed to the unnerving sensations of traveling at a high rate of speed.
Nevertheless, a person'’s first experience with the sensations of rapid
acceleration and centrifugal force is often arousing and even frightening. Fear of
flying in an airplane for the first time is common, and even repeated exposure
with benign experiences does not always extinguish the fear. Amusement park
rides are often terrifying before they become exhilarating. There is nothing in our
physiologic evolution that prepares us for this particular experience of acute and
violent vestibular stimulation. Although the peculiar syndrome involving pain,
emotional and cognitive symptoms associated with vehicular accidents has
probably been around since the Roman chariots, the first apparent recorded
reference to this condition probably relates to “Railroad Spine”, referred to in
Chapter 3 (9). During that period of the 19th century, this condition was felt to fall
into the nebulous category of the neuroses, and as with present day whiplash,
was predominantly seen in women. As mechanized transport has transformed
the 20th century world, vehicles have assumed roles and meanings far more
varied and complex than simply a means of travel. This is especially true in the
case of the automobile, which in its century of evolution has progressed from a
curiosity to a sign of power and control, a symbol of wealth and accomplishment,
and a source of thrill and exhilaration. In much of the civilized world, the
automobile and its operation is considered a God-given right, and a necessity of
life. On the other hand, those individuals subjected to the forces associated with
rapid mechanized transport that suddenly operate outside of the boundaries of
control seldom consider the experience exhilirating. They tend to report the
experience of panic or arousal in situations where there is loss of control of a
motor vehicle, and an accident is averted. If a crash does occur, however, they
frequently undergo an experience of numbing or shock for a period of time. As
first reported in cases of “Railroad Spine”, the effects of sudden high speed and
unexpected changes in velocity or direction may produce distressing and
longstanding symptoms in certain individuals, especially if this loss of control
culminates in a crash. The increasing frequency of soft tissue injuries in MVA’s,
the relative resistance to treatment of victims of whiplash, and the incredible
costs of their medical care suggests that some unique process is taking place
when the human body is subjected to these forces in the context of mechanized
transport. Yet the paradox exists in cases of loss of control of a motor vehicle,
even associated with a crash, when the operation of the vehicle is connected
with an environment of aggression, competition or intentional risk- taking, or
when the driver is inebriated at the time of the crash. Although meaningful
statistics are not available, there seems to be no significant incidence of true
Whiplash Syndrome in racecar or stunt drivers involved in impact crashes,
despite the occurrence of significant physical injuries, cerebral concussions and
life-threatening situations. In well over 5000 cases of whiplash that | have
treated, | have never seen manifestations of the Whiplash Syndrome in a person
substantially under the influence of alcohol at the time of the accident. The





common denominator in cases of MVA’s where Whiplash Syndrome develops,
therefore, appears to be the occurrence of the accident in a state of
helplessness.

THE AUTOMOBILE AS A THREAT

Most automobile drivers fortunately respect the risks associated with the
operation of their car, and realize that bodily injury and death occur with
distressing frequency with their use. Admittedly this appropriate sense of
vulnerability seems to be uniquely lacking during the teen years, but it seems to
develop in most people with the acquisition of what we define as maturity.
Although automobile manufacturers have made admirable progress in improving
the handling of cars, there is always a fine line in their control which, if crossed,
results in the immediate condition of complete helplessness. Most drivers have
experienced this sensation of loss of control at some point in their driving
careers, and having done so, will never again feel the complete sense of driver
confidence that they did before that experience. Even a small collision will usually
be enough to change forever the driver’s sense of safety in a car. Obviously
gender, personality and past life experiences have a major effect on the evolution
of this sense of awareness of vulnerability in a car. Nevertheless, for most
drivers, operation of a car takes place with a variable sense of risk and
helplessness. In the context of the fight/flight/freeze response, a state of
helplessness by definition eliminates the option of fighting or fleeing, and
obviously neither of these two options exists when one automobile is impacted by
another. The event itself, however, is intrinsically life threatening, and will
inevitably trigger the appropriate physiological responses of the fight/flight
response. In a state of helplessness, the initiation of the fight/flight physiological
events will just as inevitably trigger the freeze response, which | feel occurs in a
substantial number of MVA victims.

Detailed histories of the initial subjective experiences of MVA victims often reflect
the frequency of symptoms of freezing. The immediate experiences of the
whiplash victim during the period around the impact of the automobiles are often
remembered in vague and even surreal terms. During the moments after the
impact, many patients will describe a sense of shock, confusion and detachment,
often with no describable emotional tone. “Numbness” is the word most often
used to describe the quality of this experience. On rare occasions, the patient will
describe the sensation of being “full of adrenaline”, or “shaking all over”, but an
immediate feeling of arousal is uncommon. Often the memory for specific events
is vague and unclear, and details of the impact are often remembered piecemeal
or out of sequence. Occasionally a sense of detached calm is present, and the
victim may appear remarkably rational and in control of themselves. More often,
however, the victim will describe a feeling of helplessness and of being
overwhelmed. Others will have a sense of unreality, saying to themselves, “How





could this happen to me?”. On occasion, a number of my patients have described
frank “out-of-body” experiences. Withesses may describe them as dazed.
Attempts by the accident victim to describe the events of the MVA at a later time
will frequently reflect the fragmented nature of their recall. Many of these
experiences fall into the category of derealization or depersonalization,
symptoms typical of dissociation (See Chapter 6).

THE PHYSIOLOGY OF TRAUMATIZATION

How then does traumatization occurring in the context of a MVA explain the
varied and multisystemic symptom complex of the Whiplash Syndrome? The
experience of trauma primarily involves arousal and memory mechanisms as
outlined earlier. Aberrations of memory in trauma involve both declarative and
nondeclarative memory, and are characterized by both exaggerated and
impaired memory functions (2). In many instances, victims of trauma are
amnestic for various events associated with the traumatic event (2). Memory of
the event itself is frequently distorted and inaccurate. Many adults abused as
children have no specific memory of the trauma itself, and only a vague sense of
having been traumatized. When memories themselves are “recovered”, they
often are remarkably inaccurate. Distortion or suppression of traumatic memories
may be proportional to the severity of the freeze response, or dissociation at the
time of the trauma. Enhancement of memories of the event may also be
prominent, leading to involuntary resurfacing of these memories in a variety of
settings. Arousal linked to the conscious memories of sensory experiences of the
trauma leads to the laying down of a powerful feedback circuit within associated
brain centers, in part probably involving locus ceruleus, amygdala and
hypothalamus (1). This may result in the triggering of recurrent and intrusive
memories of the trauma with even nonspecific arousal, and the triggering of
arousal by even nonspecific events or perceptions reminiscent of the trauma.

This arousal/memory link in trauma may also be enhanced by nondeclarative and
declarative memories of past trauma with links to the immediate event, such as
prior experience with MVA’s. Specific procedural memories of sensorimotor
experiences from both current and past related trauma may also be incorporated
into this newly activated circuitry. Subsequent arousal may then trigger
recurrence of these experiential memories, such as pain, dizziness and the
protective neuromuscular bracing response associated with the MVA. These
experiences and sensations may then be incorporated in the arousal/memory
circuitry.





KINDLING AND TRAUMA

The mechanism by which this self-sustaining feedback circuit is established may
well be related to the physiological phenomenon of kindling. The term kindling
was developed from the description of spontaneous combustion of materials
reaching a certain critical temperature. The physiologic model was developed in
rats by applying a repetitive electrical stimulus to an area of the brain with
specific frequency and intensity (10). Although each stimulus was insufficient to
trigger a convulsion, if the stimuli were applied with a critical frequency, they
would summate and trigger a seizure. In addition, if kindled seizures were
induced in newborn rats with many repetitions, the rats would exhibit the
tendency for spontaneous seizures that thereafter would be self-perpetuating,
and would occur without any stimulus. In other words, these rats developed a
relatively permanent change in the excitability of neuronal networks within the
kindled part of their brain. The brain region most susceptible to kindling is the
amygdala. In the case of PTSD, the repetitive neural input to the feedback loop
associated with recurrent memory events may well derive from the sustained
high-level adrenergic arousal persisting as a result of the undischarged freeze
response. This recurrent arousal would routinely activate the amygdala which in
turn would interpret the resulting emotion-based memories as threatening,
resulting in the triggering of arousal once again. The result would be the
spectrum of memory events seen in PTSD: flashbacks, intrusive memories,
arousal-triggered memories and nightmares. Another result would be the arousal
symptoms of PTSD: anxiety, panic attacks, phobias of events and places
reminiscent of the trauma, memory and situation-induced arousal, mood
changes, irritability, stimulus sensitivity, exaggerated startle, and insomnia. The
frequent delay in onset of symptoms of PTSD after a traumatic event is quite
consistent with the concept of kindling as an evolving neurophysiologic process.
Similarly, the tendency for PTSD to change in both the nature of the predominant
symptoms and the occasional worsening of the condition is consistent with
kindling, a process which by definition changes neural excitability and eventually
becomes self-sustaining without further input. Delay in onset, change in basic
characteristics and spontaneous worsening of memory and arousal-related
symptoms are all typical of the progress of PTSD symptoms in the Whiplash
Syndrome. The same characteristics are also typical of the cognitive and somatic
symptoms of whiplash, which often do not appear for a variable period after the
MVA, and may evolve and change character over many months. Other authors
have also addressed the concept of kindling in relationship to the physiologic
basis for the development of PTSD (11-13).





COGNITIVE DEFICITS IN TRAUMA

The DSM-IV criteria for the diagnosis of PTSD do not adequately take into
account the complex interaction of emotional and somatic experiences in an
MVA. Some investigators have advocated use of the designation of a
subsyndromal form of PTSD in MVA victims (14). Their criteria for this form
specify inclusion of criteria for Section B (reexperiencing), and either C
(avoidance) or D (hyperarousal) to establish the diagnosis. Even
acknowledgement of a subsyndromal form of PTSD may also not fully take into
the account the fact that a remarkably prolonged freeze response, or period of
posttraumatic dissociation, may mask many of the symptoms of arousal and
reexperiencing for an indeterminate period of time, thereby discouraging the
diagnosis of PTSD. Under these circumstances, the predominant symptoms may
be those of numbing, distraction and cognitive symptoms usually attributed to a
concussion, or minor traumatic brain injury (See Chapter 3). Even in the absence
of any conceivable head trauma, PTSD has been associated with substantial
cognitive deficits of a severity and similarity sufficient to make the diagnosis of a
head injury on neuropsychological test batteries (15,16). Cognitive deficits
attributable only to PTSD in the face of documented traumatic events have been
demonstrated in such events as terrorist attacks, imprisonment, vehicular
accidents and combat-related ship sinkings (17,18,19). These cognitive deficits
have a solid theoretical base in the neurohormonal changes triggered by trauma.
Trauma has been shown to interfere with declarative memory, but not
nondeclarative or procedural memory (1). This phenomenon appears to be
related to the input of norepinephrine to the amygdala, allowing the brain to
differentiate the emotional meaning of the incoming information. High activity
within the amygdala inhibits storage and synthesis of declarative memory within
the hippocampus while facilitating storage of memory linked to the
norepinephrine-induced arousal (3). In addition, release of high levels of
endorphins as part of the response to this arousal further interferes with memory
consolidation (20). The result is a state of impaired declarative memory storage
in the face of enhanced storage of trauma-related memory, most of it
nondeclarative. In addition, high level of cortisol have a direct inhibitory, and in
fact, neurotoxic effect on hippocampal structures, enhancing the inhibitory effect
on declarative memory (21,22,23). The result is the exaggeration of trauma-
related memories that in fact become intrusive at the expense of conscious
declarative memory processes, and contribute to the documented memory
deficits in PTSD (15).

As noted, endogenous opioids may also be involved in memory dysfunction in
PTSD. Stress-induced analgesia is a well-known accompaniment of severe
trauma. Soldiers with severe wounds have been noted to deny the need for
morphine for some time after their injuries (24). This is consistent with previously
mentioned studies that show that both norepinephrine and endorphins are





released after exposure to severe stress. Animal studies reveal that animals
unable to escape a threatening situation and who exhibit withdrawal/despair- i.e.
the freeze response- suffer from significant impairment of memory (20). In these
animals, both the freeze response and panic interfered with memory processing,
suggesting that both epinephrine and endorphins contribute to this deficit. van
der Kolk and colleagues have postulated that the freeze/numbing response in
animals exposed to prolonged severe and inescapable stress may be analogous
to dissociation in humans exposed to trauma, and that dissociation may also be
mediated by endogenous opiates (2). Excessive endorphin release may
therefore play a role in the well-documented deficits in memory noted in patients
with PTSD. Traumatic memory intrusion may also contribute to the documented
deficits in attention, concentration, and multitask thinking in PTSD. In addition,
arousal triggered by recurrent and kindled traumatic memories induces release of
norepinephrine that once again activates the memory/arousal feedback circuit as
well as the Hypothalamic/Pituitary/Adrenal axis, and sustains the cognitive
deficits of PTSD. These concepts challenge the assumption in the Whiplash
Syndrome that specific and documented cognitive dysfunction is by definition
indicative of traumatic brain injury, especially in low velocity accidents.

TRAUMA AND THE POST CONCUSSION SYNDROME

Another matter of concern in the concept of concussion is the varied symptom
complex commonly referred to as the post-concussion syndrome. This is a vague
group of complaints which typically includes atypical headache, visual complaints
usually involving blurring of vision, balance disturbance, tinnitus, dizziness and
vertigo, orthostatic lightheadedness, and mood disturbances. These mood
changes have been recognized to contain many of the symptoms of PTSD, and
include irritability, stimulus sensitivity to noise and lights, sleep disturbance,
fatigue and depression. Researchers have begun to recognize this association
between PTSD and the elements of the postconcussion syndrome (18,25). In
MVA-related concussion, all of the symptoms associated with post-concussion
syndrome can be explained by the concept of traumatization. Autonomic
activation perpetuated by a truncated freeze discharge facilitates the linking of
procedural memory associated with various stimulated end organs to the kindled
feedback circuit incorporating arousal and traumatic memory. The end organs
involved include the extraocular muscles of the eyes, the vestibular apparatus of
the inner ear and brainstem, the hearing apparatus of the inner ear, the
autonomic nervous system and its control of peripheral blood vessels, and the
muscles of the head, neck and shoulder girdle.





BINOCULAR DYSFUNCTION

As we have noted, under the influence of peripheral epinephrine and brainstem
norepinephrine, the eyes will diverge at the moment of trauma or immediate
threat, and the pupils of the eyes will dilate. This takes place by reflex activation
of the extraocular muscles and the circular muscles that make up the iris of the
eye. This response is as automatic as the stretch reflex, and serves to maximize
the field of vision in the situation of threat or danger. This ocular reflex inevitably
accompanies any arousal threat, including that of a MVA. As with other events
associated with arousal, it is frozen in the event of the freeze response, and
dissipated by its physiological discharge in the event of survival after freezing.
Applying the concept that retention of traumatic arousal occurs because of
impaired freeze discharge, the ocular and pupillary changes triggered by
traumatic arousal will continue to be linked in the evolving feedback circuit
between centers of arousal and those for procedural memory, the storehouse for
motor skills and habits. Under these conditions, any arousal, whether linked to
the other memories of the accident or even occurring in the stresses of everyday
life will nonspecifically trigger ocular divergence and pupillary dilitation. In fact,
these are basically the clinical findings that have been documented in
examinations of patients with post-concussion vision abnormalities (See Chapter
3). Such patients almost inevitably are found to have impaired binocular
movements and convergence insufficiency representing the persistence of
variable tonic ocular divergence. In this model, however, these changes are not
the result of brain injury per se, but rather the incorporation of the eye muscles in
the PTSD neuromuscular/arousal/memory conditioned and kindled circuit.

VESTIBULAR AND AUTONOMIC DYSFUNCTION

The same theory applies to all of the remaining manifestations of the Whiplash
Syndrome. Because of the intense forces of acceleration and deceleration in a
MVA, the vestibular and proprioceptive sensory apparatus of the inner ears and
musculotendenous system are subjected to massive sensory input. Once again,
linking of arousal and memory to the conditioned activation of the vestibular
system results in the appearance of vertigo, dizziness and balance disturbance
under conditions of arousal. In addition, any quick movement of the head results
in vestibular input. Since the particular and unique vestibular input at the time of
the MVA is stored in procedural memory linked to arousal, movements of the
head which coincidentally access the MVA-related movement pattern will trigger
arousal and evoke the sensation of vertigo and loss of balance. So-called
“cervical vertigo” may therefore arise from muscles of the neck involved originally
in bracing patterns of the accident. Activation of bracing and movement patterns
involving these muscles may arouse procedural memories of the accident which
are also linked to coincident vestibular activation, thereby repeatedly inducing





vertigo with head movement. This may explain the absence of objective findings
in many cases of positional vertigo in MVA'’s.

A labile and unstable autonomic nervous system is known to accompany PTSD.
The primary measures in chronic cases involve documentation of unstable pulse
and blood pressure responses to nonspecific arousal stimuli, sounds, pictures or
even smells reminiscent of the trauma, or even guided imagery of the trauma.
Electrodermal Skin Response has also been used with some success in
identifying PTSD autonomic overresponders (26). Victims of PTSD are known to
cycle in and out of arousal and dissociation, the former associated with
adrenergic dominence, the latter with endorphinergic and possibly cholinergic
tone. In the early stages after an MVA, an exaggerated sympathetic response
may be at its most dramatic. | have documented many patients with systolic
blood pressures over 170 mmHg with no history of hypertension, and with pulses
of 120-140 at rest. Most of these patients have been in acute arousal and
anxiety, with many symptoms of the arousal part of PTSD. On the other hand,
those patients presenting with characteristic of sustained freeze and dissociation
will generally present with low systolic blood pressure, occasional bradycardia,
and frequent orthostatic hypotension and dizziness. Actual syncope is not
uncommon in these individuals. Many of these dissociated patients will suffer
from dramatic alternating constipation and diarrhea, and occasionally from
symptoms of peptic acid disease. Autonomic lability, | believe, is a secondary,
conditioned phenomenon linked to the arousal/memory feedback circuit of
traumatization, with numbing and the dissociation of the freeze response often
associated with cholinergic symptoms.

NEUROMUSCULAR DYSFUNCTION AND MYOFASCIAL PAIN

The other end organ system involved in traumatization in the Whiplash
Syndrome, one that is totally ignored in consideration of MVA-related PTSD, is
the neuromuscular system. Post-traumatic headache, cervical and lumbosacral
spinal pain constitute the primary symptoms related to whiplash. This pain has
been attributed to injuries to muscles, tendons, ligaments, intervertebral discs,
joints and nerve roots (27). In the final analysis, however, the prolonged and
intractable pain of whiplash is eventually attributable primarily to the condition of
myofascial pain. The relationship of myofascial pain in the Whiplash Syndrome to
the arousal/memory link in trauma is quite analogous to the involvement of other
end organ systems with procedural memory for the traumatic event. At the
instant of impact, selected muscles are stretched in a coordinated and
synchronous pattern depending specifically on the direction of the initial
acceleration of the body. Input from the stretched muscle spindle initiates
contraction of alpha muscle fibers through the initiation of the gamma
motoneuron system at the level of the spinal cord. At the instant of this selective
grouped alpha muscle activation, proprioceptive input from the associated





musculotendinous units travels to the cerebellum via group | and/or group Il
afferent fibers. Input is then provided from cerebellar nuclei to the thalamus,
brainstem vestibular nuclei and basal ganglia where reflex regulation of complex
postural changes in response to the changes in velocity takes place through
descending pathways affecting the anterior horn cell alpha and gamma
motoneurons.

In addition, input from the thalamus to the amygdala facilitates assessment of the
emotional content of the experience. Since the sudden velocity changes
accompanying the MVA carry the implication of imminent life threat, arousal via
brainstem norepinephrine pathways will accompany thalamic input to the
amygdala, setting up the scenario of the full-blown fight/flight response. If
physiologic freezing accompanies the completion of the MVA, as it often does,
the experience of the complex neuromuscular response to the velocity forces of
the accident will be incorporated into procedural memory in its exact form, just as
will any learned motor skill. In addition, it will be reinforced by its association with
high arousal, and therefore will be relatively permanent (28). Finally, it will be
incorporated into the kindled arousal/memory circuitry of traumatization.
Thereafter, memories of the accident, familiar stimuli reminiscent of the accident,
dreams of the accident, arousal related to those memories, and eventually
nonspecific arousal will tend to facilitate procedural neuromuscular memory of
protective muscular bracing patterns from the MVA. Reflex activation of muscle
groups will then be produced in a pattern mimicking that associated with the
movements of the accident. The MVA victim will experience involuntary
tightening of a selective group of regional muscles in a repetitive pattern,
triggered by arousal, dreams, driving activities or memories of the accident.
Repetitive use of those muscles in any other activities may trigger arousal and
reflex muscle spasm. Since muscles are designed to contract briefly on a
reciprocal basis with their opponents, involuntary sustained contraction of muscle
groups on the basis of arousal-generated reflex input from postural centers of the
brain sets up a condition of energy failure. This leads to an accumulation of
metabolic waste products in muscle fibers, release of kinens and other chemical
pain generators, and a condition of relative ischemia in the involved fibers. The
end result is regional myofascial pain perpetuated by the same kindled feedback
circuitry producing the symptoms of PTSD.

CEPHALIC MYOFASCIAL PAIN

In any MVA, the muscles of the head, neck and jaw are invariably the most
involved in residual long-term regional myofascial pain. Whether the mechanism
of the accident involves a rear-end, head-on or rollover impact, neck pain,
headache and jaw pain usually are inevitable. In the velocity-change model of
physical injury to these structures, the cause is felt to lie in the pendular effect of
the skull on the neck, rendering these structures more vulnerable to damaging





forces. This does not, however, explain the same phenomenon in low velocity
accidents, or when the head and neck were not subjected to unusual forces
based on the particular dynamics of the accident. Another explanation lies in the
intimate neural association of the locus ceruleus with sensory end organs and
especially joint proprioceptors of the head and cervical spine which provide this
critical center of arousal with information about environmental threat through
positional orientation of the head and its sensory apparatus. The orienting reflex,
a gradual sided to side rotation of the head allowing scanning of the environment
for information utilizing all of the sense organs of the head, is a basic and
universal instinct in all species. Muscles of the head and neck are therefore
intimately involved in sensory information access in all situations, both with
regard to feeding and to fight/flight survival. Activation of cephalic and cervical
muscles with associated bracing in response to threat renders them uniquely
vulnerable to the conditioned inclusion of this bracing in the arousal feedback
circuit, with subsequent persistent cervical myofascial pain. Jaw clenching is a
primitive arousal reflex, with its roots lying deeply in the instinctual pattern
involving use of the teeth as both offensive and defensive weapons in animals.
Unconscious bruxing after an MVA therefore is incorporated into the nonspecific
protective muscular bracing patterns linked to unresolved arousal, leading to the
well- known but perplexing condition of TMJ syndrome.

CONCLUSIONS

Clinical experience suggests that many victims involved in MVA'’s experience
dissociation, or freezing, at the moment of the accident. Dissociation is known to
be a major predictor of eventual development of PTSD, and is felt to be the
equivalent of the freeze response seen in animals. For reasons as yet unclear,
the human species, unlike creatures in the wild, tends not to go through the
stereotyped and instinctual neuromuscular discharge of the autonomic arousal of
the freeze response in the face of trauma.

The physiologic model of kindling presents a compelling rationale for the
symptom complex of PTSD. Stored autonomic energy from a truncated freeze
response might well provide the impetus and fuel for development of kindling in
trauma. The experimental model of kindling, of course, entails the application of
an external stimulus to trigger development of the resulting self-perpetuating
circuitry. In this case, the external stimulus is experiential related to sensory input
rather than to external application of an electrical impulse. Involvement of arousal
and procedural memory circuitry is clearly implicit in the model of traumatic
kindling. Linking of these centers with those of the sensory end organs involved
in the traumatic experience would predictably result in a cyclical and kindled
repetition of somatic symptoms representative of the intense sensory input
experienced at the moment of trauma. This process provides a unitary
hypothesis for the myriad symptoms of whiplash. It also provides a model for the
concept of somatization, oneof the more prominent comorbid conditions seen in
PTSD.





In this model, myofascial pain derives from arousal-activated descending motor
input to the anterior horn cell from reflex motor centers of the brain, linked to
sustained arousal associated with unresolved discharge of the freeze response.
The specific distribution of the involved muscles is linked to anatomical and
physiological procedural memory patterns of the neuromuscular defensive
bracing response to the MVA. Those muscle groups activated by the stretch
reflex to contract in response to the velocity changes in the accident would
continue to brace in the face of arousal or memory input related to the trauma. As
a phenomenon of central rather than peripheral origin, this hypothesis would
explain the remarkable lack of consistency or specificity of findings with
investigation of the peripheral portion of the motor unit in myofascial pain using
electrophysiological, chemical, and biopsy studies. It would also explain the
frequent regional persistence of myofascial pain, and its variable lack of
response to peripheral forms of treatment.

Similarly, vestibular, auditory, visual and autonomic symptoms of the post-
concussion syndrome may represent somatic experiences of the MVA linked to
procedural memory and arousal circuitry, and perpetuated by any head
movement reminiscent of the trauma, by nonspecific arousal or by declarative
memory of the accident. Although focal brain or end organ injury certainly may
contribute to some of these symptoms, their frequently delayed onset and
occurrence in low velocity accidents supports their etiology in traumatization.

Although minor traumatic brain injury may be a cause of specific and sometimes
persisting cognitive deficits in MVA'’s, cognitive impairment in the Whiplash
Syndrome is also explainable by the mechanisms of dissociation, attention deficit
and thought intrusion seen in PTSD. In very low velocity accidents, these
physiologic events associated with trauma are more than likely the primary
etiology for significant cognitive symptoms and impairment.
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INTRODUCTION

Recognized for over 100 years, criticized, analyzed, debated, defended,
debunked and generally misunderstood, the complex group of symptoms that
follow velocity-related injuries in vehicles of conveyance continues to defy
medical scientific explanation. With the advent of the railroad in the 19th century,
a group of symptoms of chronic neck and back pain associated with severe
emotional disturbance was described in train accidents. The syndrome was
generally called "Railroad Spine", and was placed in the category of
psychoneuroses (Trimble, 1981). With the invention of the automobile, reports of
persisting cervical pain after motor vehicle accidents [MVA’s] began to appear as
early as 1919 (Marshall, 1919). Davis popularized the term "whiplash” in an
article on cervical injuries in 1945 (Davis, 1945). In 1953, Gay and Abbott
described the condition of "whiplash" in detail. They clearly stated the dilemma
that has continued to plague physicians, patients and insurance companies:
"Characteristically, these patients were more disabled and remained
handicapped for longer periods than was anticipated, considering the mild
character of the accident” (Gay & Abbott, 1953). Severy further amplified this
dilemma in his 1955 study, observing: "...unlike most injury-producing accidents,
there is generally no visible sign of injury for the rear-end collision victim."
(Severy, Mathewson & Bechtol, 1955). The apparent discrepancy between the
severity of symptoms and the trauma causing them has remained the core of the
controversy. Testing the forces of "perturbations of daily living", such as plopping
into a chair, slapping on the back and jumping off a step, has demonstrated
forces comparable to a low velocity MVA (Allen, Weir-Jones, Eng, Motiuk,
Flewin, Goring, Kobetitch & Broadhurst, 1994). Compensation neurosis or other
emotional causes have been blamed for whiplash related symptoms based on
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their remarkable diversity (Bosworth, 1959). Indeed, patients suffering from even
a minor to moderate velocity rear end MVA may suffer from a confusing variety of
symptoms. Not only do they have the typical complaints of head pain and neck
stiffness, they also often complain of anxiety, phobias, sleep disturbance and
depression. Neurological complaints are common, ranging from dizziness and
vertigo, blurred vision, fainting spells and balance difficulties, to remarkable
problems with cognition, especially with concentration and memory. Rather than
making a steady recovery as with a comparable sports-related accident, a select
group of whiplash patients tend to pursue a slow, unpredictable course, often
taking several years to improve, with episodic periods of worsening. Long term
studies in whiplash patients in general show that a majority (70-80%) had
returned to normal activities in 6 months (Radanov, DiStefano, Schindrig &
Ballinari, 1991, Balla, 1988, Pearce, 1989). On the other hand, in other studies,
persistent chronic pain has been noted in18% at 3 years (Friedmann, Marin &
Padula, 1992), and up to 40% at 8-10 years (Packard & Ham, 1994). It therefore
is not surprising that certain segments of the insurance, legal and medical
communities express skepticism concerning the validity of many whiplash
symptoms.

THE BIODYNAMICS OF WHIPLASH

Numerous biomechanical laboratory studies of whiplash suggest that the
backward/forward movement of the head on the neck is probably less than has
been thought, and that horizontal translation of the skull on the neck is a
prominent movement. The initial movement actually is chin flexion due to relative
early backward movement of the torso (Severy er al, 1955, McNab, 1971, Luo, &
Goldsmith, 1991, McConnell, Howard, Guzman, Bornar, Raddin, Benedict, Smith
& Hatsell, 1993). These studies have also shown that the forces on the head
itself are 3-4 times greater than on the body with a sudden change in velocity,
due to the pendular effect produced by the weight of the head supported by the
stalk-like neck. The diagnosis most commonly given to the neck pain after
whiplash is "cervical strain". Stretching and tearing of the ligaments of the jaw
joints and the facet joints of the cervical spine, damage and rupture of the
intervertebral discs and compression of cervical nerve roots have all been
attributed to these forces (Davis, Teresi, Bradlsy, Ziemba, & Bloze, 1991,
Weinberg & LaPointe, 1987). Thoracic outlet syndrome has been attributed to
myofascial postural dysfunction (Sucher, 1990). Acute cervical disc syndrome
with radiculopathy, however, is a rare occurrence after whiplash (Wickstrom,
Martinez, & Rodriquez, 1967). The cognitive disturbance seen in many whiplash
cases has been attributed to axonal shearing by some authors. (Ommaya, Faas
& Yarnell, 1968). Vestibular symptoms have been attributed to disruption of
middle ear conduction mechanisms or otolith displacement (Ward, 1969). Visual
blurring associated with binocular dysfunction and convergence insufficiency has
been attributed to brain injury in some cases involving whiplash. (Roy, 1961).





The entire spectrum of injuries attributed to whiplash has been based on theories
dependent on at least a minimum force applied to the body. At exposure to
change of velocity as low as 5 MPH, however, a small cluster of patients present
with the full-blown syndrome described above, making a justification for physical
injury as a basis for the symptoms extremely challenging. On the other hand, the
remarkably similar cluster of symptoms among these patients qualifies whiplash
as a syndrome, and begs for the definition of a coherent and specific etiology.

POSTTRAUMATIC STRESS DISORDER

The incidence and implications of posttraumatic stress disorder [PTSD] in MVA'’s
has been relatively unappreciated until the past decade. An epidemiological
study by Norris in 1992, however, suggested that MVA's were perhaps the single
most significant event as a source of traumatic stress in our society (Norris,
1992). More recent studies of incidence of PTSD in populations suffering minor
traumatic brain injury (MTBI) in MVA’s estimate the frequency of PTSD to be
between 17% and 35% (Layton & Wardi-Zonna, 1995, Middleboe, Anderson,
Birket-Smith & Fiis, 1991, Ohry, Solomon & Rattock, 1996, Rattock & Ross,
1993). A large study by Blanchard and Hickling in 1996 has contributed greatly to
the identification of the substantial role that PTSD plays in post-MVA morbidity
(Blanchard & Hickling, 1996). Comparison of the epidemiological literature, they
found, has been difficult, in part due to the changes in criteria for PTSD between
the Diagnostic and Statistical Manual of Mental Disorders, editions 3, 3 revised
and 4. Combining these criteria and defining a subsyndromal form of PTSD for
MVA'’s, they estimated an incidence of PTSD of 44.3% in their 158 survivors. Of
these, 64% remitted by 18 months, but 36% remained very symptomatic after
that time, and were predicted to be potentially permanent. They conclude that
PTSD in MVA'’s is far more pervasive and disabling than previously thought, that
prolonged PTSD correlated with prolonged soft tissue pain, that prior life trauma,
depression and PTSD sensitized MVA victims to the development of PTSD, and
that the process of litigation itself may be traumatizing. These findings emphasize
the importance of traumatic stress in the morbidity of whiplash, and form part of
the foundation for the exploration of this phenomenon as the core event that may
lead to the entire spectrum of symptoms in whiplash syndrome. Blanchard and
Hickling have partially addressed the dilemma that the DSM-1V definition of
PTSD presents (Blanchard & Hickling, 1996). Traumatic stress is a continuum,
not a threshold event, and the pervasive effects of such an event on selected
brain structures and neurohormonal and neurotransmitter systems also does not
follow an all-or-none principle. The resulting symptom complex produced by
trauma therefore may vary in the pattern and degree of its expression, and may
include somatic symptoms not addressed in the DSM-IV. Strict criteria for a
diagnosis are critical to studies of its epidemiology, and in fact to consistent
interpretation and treatment of the condition. Standards for criteria based on
human behavior, however, are clearly difficult to establish. The relatively





dramatic changes in sequential DSM'’s reflect this dilemma, especially in the
evolving concept of PTSD and the criteria for its diagnosis. Cognitive, somatic
and emotional symptoms related to traumatic stress may persist long after the
traumatic event although DSM-IV criteria may no longer be sufficient to make the
diagnosis of PTSD. These persistent complaints represent continued stress-
induced alteration of neurophysiologic function that may be significant in
contributing to persistent emotional and somatic dysfunction. The late somatic
symptoms of trauma, which may be musculoskeletal, gastrointestinal, cardiac or
hormonal, are especially important to the consideration that whiplash may be
primarily a consequence of traumatic stress. Many of these symptoms are not
associated with documented pathology, and are frequently attributed to
psychosomatic causes or somatization. Van der Kolk, et al (van der Kolk,
Pelcovitz, Roth, Mandel, McFarlane & Herman, 1996) consider somatization, as
well as dissociation and affect dysregulation, to be specific late symptoms of
trauma which may exist in the absence of residual traumatic symptoms
addressed under the DSM-IV. They refer to these late syndromes as associated
disorders of PTSD. They further state: "...people whose presenting problem
consists of somatization are likely to be treated with medical interventions, which
can be expected to be ineffective in alleviating their distress.” (van der Kolk et al,
1996, p.14). Acknowledgement of the somatic manifestations of traumatization is
very important to the hypothesis of the late symptoms of whiplash as
representing a somatic expression of trauma.

DISSOCIATION AND THE FREEZE RESPONSE

Individuals who dissociate at the time of a traumatic event are much more likely
to develop symptoms of PTSD in the future (Bremner, Southwick, Brett, Fontana,
Rosenheck & Charney, 1992, Holen, 1993, Cardena & Speigel, 1993,).
Dissociation is defined as "An unconscious process by which a group of mental
processes is separated from the rest of the thinking process, resulting in an
independent functioning of these processes and a loss of the usual relationships”
(Stedman, 1982). Clinical symptoms of dissociation include depersonalization,
derealization, conversion hysteria, fugue states and flashback memories.
Symptoms of dissociation at the time of a MVA include out-of-body experiences,
shock, numbing, detachment and confusion. Although these symptoms are
included in criteria for minor traumatic brain injury (Minor Traumatic Brain Injury
Committee of the Head Injury Interdisciplinary Special Interest Group of the
American Congress of Rehabilitation, 1993), their occurrence in low velocity
accidents insufficient to cause axonal injury suggests that they indeed are
probably dissociative phenomena. Dissociation has been recognized as an
equivalent of the freeze/immobility response as part of the fight/flight/freeze reflex
seen in almost all species. Dissociation and freeze/immobility probably have
neurochemical correlates in marked autonomic instability (Gellhorn, 1960), and
possibly endorphinergic input (Sherman, Lewis, Terman & Liebeskind, 1983).





The effect of endorphins in dissociation may account for the sense of numbing
and shock seen in the acutely traumatized individual (van der Kolk, 1989). Levine
presents an intriguing theory of traumatization using the ethologic model of
freeze/ immobility resolution in animals in the wild (Levine, 1997).

When a prey animal can no longer escape a predator, it will enter a state of
freezeing, or immobility, during which it is unresponsive, atonic and analgesic,
but also is undergoing cyclical high levels of sympathetic, parasympathetic and
probably endorphinergic activity. If the animal survives, it will arouse, and go
through a stereotyped sequence of behaviors manifested by variably intense,
repetitive motor activity (trembling, twitching, convulsing) followed by deep
respiration and apparent recovery. Levine hypothesizes that humans who freeze
or dissociate when confronted with a life-threatening trauma in the face of
helplessness, tend not to "discharge" the associated autonomic arousal through
neuromuscular activity. Rather, they tend retain it in a state of the sustained
potential for cue-related arousal, as in the Vietnam veteran who experiences
adrenergic arousal at the sound of a helicopter. According to Levine, absence of
the freeze discharge may facilitate imprinting of the traumatic event in memory
linked to arousal, and lead to retention of the "energy"” of the fight/flight response
in brain circuitry. This state of memory imprinting and sustained arousal-based
energy, Levine believes, is the substrate for the development of the symptoms of
PTSD, as well as for the development of an additional potential spectrum of
psychological and somatic symptoms. He also emphasizes the concepts of
resiliency and reserve capacity as limited resources, with each subsequent
trauma diminishing the individual’s capacity to tolerate further trauma.

PTSD, MEMORY AND KINDLING

Alterations of memory constitute one of the three subsections of the DSM-IV
criteria for the diagnosis of PTSD, including reexperiencing in the form of
intrusive recollections, dreams, flashbacks and cue-related arousal. They also
participate in the subsection involving avoidance phenomena, including inability
to recall important aspects of the trauma, and avoidance of places and events
that stimulate recall of the traumatic event. These traumatic epiphenomena
involve both declarative (explicit, semantic) and nondeclarative (implicit,
procedural) forms of memory. Declarative memory, the form that relates to facts
and events and initially involves primarily hippocampal and prefrontal cortical
pathways, plays an important role in the conscious recollection of trauma-related
events. Procedural memory relates to acquisition of skills and habits, to the
development of emotional associations, and to the storing of conditioned
sensorimotor responses (van der Kolk, 1994). This form of unconscious memory
plays a critical role in the development of many of the linked arousal,
sensorimotor and declarative memory symptoms in PTSD. Combining basic
concepts of the linking of memory in trauma with retained cue-related arousal





leads to a logical hypothesis that attributes the origin of the complex symptoms of
whiplash to an actual alteration of brain circuitry. This hypothesis involves the
concept of retained neural patterns of activation in the form of kindling, involving
centers of arousal (hypothalamus, locus ceruleus, amygdala), declarative
memory circuitry (hippocampus), and that portion of brain centers and pathways
linked to neuromuscular procedural skill and conditioning memory (basal ganglia,
cerebellospinal, vestibulospinal pathways).

The pathophysiological model of kindling was developed in rats by applying a
repetitive electrical stimulus to a part of the brain with specific frequency and
intensity (Goddard, Mcintyre & Leetch, 1969). Application of subthreshold stimuli
at a critical frequency could eventually summate and lead to a seizure that
ultimately could be self-perpetuating and result in a seizure disorder. The
amygdala proved to be the most sensitive area for the development of kindling
(Post, Weiss & Smith, 1995). Kindling has been postulated to play a significant
role in a variety of psychophysiologic syndromes, including affective disorders,
PTSD, chronic pain, post concussion syndrome and multiple chemical
sensitivities (Miller, 1997). The phenomenon of kindling has special appeal when
considering the genesis of PTSD, a syndrome characterized by variable latency
of onset, self-perpetuation, exquisite stimulus sensitivity, the potential to progress
and worsen, and in some cases, permanence. These very features characterize
many whiplash patients who demonstrate delayed recovery.

The concept that external behavioral stimuli might be the source of theoretically
permanent changes in brain physiology and neurochemistry might seem
speculative at best. PET scan imaging of regional brain metabolism, including
glucose utilization and blood flow, however, shows consistent regional patterns of
alteration associated with specific conditions and cognitive activities (Bremner,
1998). These findings lend credence to concepts of brain plasticity required to
support such theories as experience-induced neuronal pathway alteration as is
felt to occur in the process of kindling.

This hypothesis of a truncated somatically-based discharge of arousal-based
activation of strategic brain centers is closely linked to the hypothesis of kindling
as the generator for PTSD-related symptoms. In this hypothesis, procedural
sensorimotor memory is likely to be established for protective muscular bracing
patterns generated by the basic flexor reflexes precipitated by stretch receptor
activation at the moment of trauma/impact. Acute arousal would simultaneously
be elicited by visual and sensorimotor input signifying threat, accessed by the
thalamus and evaluated for emotional content by the amygdala. Declarative
memory of this sensory input would establish an explicit memory base for the
traumatic event. Lack of dissipation of arousal-based neuronal input associated
with the truncated freeze discharge would establish a stimulus generator for
continued message transfer through involved linked neuronal circuitry. The
amygdala would be exposed to repetitive neuronal input based on persistent cue-
related arousal stimuli as part of this circuit, rapidly setting up a kindled response





between centers of arousal, declarative memory and neuromuscular centers for
procedural memory. Soon sensorimotor or memory input into any limb of this
circuit would activate that center and lead to potentiation of kindling, and
progression of the symptom complex. As a result, any incidental declarative
memory of the trauma would elicit arousal and patterned regional muscular
bracing. Excessive movement of the regional muscle group involved in the
original trauma-associated reflex bracing response would elicit arousal linked to
procedural memory for that movement pattern, possible conscious memory of the
trauma, and further enhancement of reflex muscular bracing. Eventually any
nonspecific source of arousal might elicit the same stereotyped regional
muscular bracing, as well as on occasion explicit memory for the trauma. Sleep
patterns associated with dreams or nightmares of the trauma would cause
cyclical nocturnal muscular bracing, bruxing or autonomic manifestations of
arousal, including tachycardia and nocturnal diaphoresis. With time, stimuli
specific to the trauma might generalize, leading to a broader range of kindled
circuitry, and apparent worsening and spread of trauma-related symptoms in the
face of nonspecific ambient life stress.

MYOFASCIAL PAIN

Myofascial pain is well recognized as a significant cause for persistent skeletal
pain in whiplash (Evans, 1992, Miller, 1998). Earlier called fibrositis or
myofibrositis, myofascial pain was described initially by clinicians in the 19th
century and early 1900’s (Helleday, 1876, Gowers, 1904, Steindler, 1920). It has
often been attributed to sudden violent strains of muscles, ligaments or tendons,
or to extended overuse of a musculotendinous unit. Clinical features involve the
concepts of trigger points, which are tender areas found in taut fibrous bands in
affected muscle groups. Compression of these trigger points often produces a
flinching withdrawal termed the "jump sign”, and may lead to referred pain and/or
paresthesias to predictable distant referral patterns of the body (Travell &
Simons, 1983). Dry needling, or injection of saline or local anesthetic into trigger
points may relieve related muscular pain for variable periods of time. Biopsies of
trigger points reveal subtle changes in mitochondria and ATP, with
mucopolysaccharide deposition and sarcolemmal disruption (Travell & Simons,
1983). Although these findings might be suggestive of a dystrophic process
related to increased metabolic demand in the face of reduced circulation, their
implications are at best speculative. Theories of causation include a sarcolemmal
energy crisis (Simons, 1996), a dysfunctional muscle spindle (Hubbard, 1996), a
dysfunctional extrafusal motor endplate (Hong & Simons, 1998), dysfunction in
the gamma motoneuron circuitry (Donaldson, Nelson & Schulz, 1998), and a
sustained positive feedback loop from muscle spindle and joint capsule
proprioceptors to cerebellum, basal ganglia and spinal cord (Elson, 1990). These
theories all assume that myofascial pain is derived from peripheral
neuromuscular dysfunction.





Conversely, the hypothesis that myofascial pain may be a peripheral
neuromuscular expression of kindled and arousal-triggered reflex central
neuronal input to the gamma motor system has many compelling features.
Regional predominance is typical of myofascial pain, and in whiplash one can
often map the logical patterns of that pain based on analyzing which muscle
groups were exposed to the predominant stretch reflex as a result of the
directions of force. Thus, the muscle groups opposite the point of impact are the
ones subjected to the most stretch. They often eventually become the major
source of pain. Recurrence of local spasm is more dependent on trauma-related
emotional stressors than on any other factor, although flare-ups of spasm related
to nonspecific stress is also very common. Nocturnal exacerbation of myofascial
pain, frequently linked to trauma-related dream content is a well-known event,
especially in the example of nocturnal bruxing. All of these clinical characteristics
of myofascial pain seen in whiplash are consistent with a central neuronal origin.
They are also consistent with the concept of myofascial pain as a condition of
trauma-linked patterns of muscular bracing, stored in procedural motor memory,
and linked to declarative memory and arousal in circuitry perpetuated by kindling.

MINOR TRAUMATIC BRAIN INJURY

The concept of concussion, or minor traumatic brain injury [MTBI] in whiplash
has also been extensively investigated. Cognitive impairment as a measure of
brain injury usually involves impairment in speed of information processing,
divided attention, and short-term memory (Gronwall & Wrightson, 1981). Specific
alteration of consciousness without loss of consciousness or amnesia is felt to
constitute sufficient criteria for the diagnosis of concussion, or MTBI (Mild
Traumatic Brain Injury Committee of the Head Injury Interdisciplinary Group of
the American Congress of Rehabilitation, 1993). The mechanism of MTBI is felt
to be the tearing or stretching of axons (axonal shearing) as a result of forces
related to excessive relative changes in velocity of the head associated with the
acceleration/deceleration of the head during the movement of whiplash
(Wickstrom, et al, 1967, Varney & Varney, 1995).

Studies have shown that actual head impact is not necessary to cause axonal
shearing (Povlishock, Becker, Cheng & Vaughn, 1983). Attempts to correlate
brain injury with velocity in the absence of head impact, however, have been
fraught with uncertainty and controversy. At forces of 6G, a fighter pilot may
begin to lose consciousness, and at 8G be unable to lift his extremities (U.S.
Naval Flight Surgeon’s Manual, 1978). A 15 miles-per-hour accident generates
approximately 10G of force on the head (Severy, et al, 1955). These data
suggest that low impacts may have substantial potential for soft tissue, and
presumably brain injury. Other authors have emphasized the importance of
stopping distance, or rate of change of velocity, in determining relative force





exposure to the head (Varney & Varney, 1995). As previously noted, however,
analyses of acceleration perturbations of daily living reveal that such activities as
a back slap and hopping off of a step generate significant forces without injury.
Plopping backward into a chair, for instance, generates a force vector of 10.1G
(Allen, et al, 1994). Cognitive and emotional deficits after MTBI may even be
more likely in less severe injuries than those with more prolonged loss of
consciousness (Alexander, 1992). In addition, PTSD (Bremner, Scott, Delaney,
Southwick, Mason, Johnson, Innis, McCarthy & Charney, 1993, Alexander,
1992), depression (Goodwin, 1997), and chronic pain (Grigsby, Rosenberg &
Busenbark, 1995) have been shown to be associated with cognitive deficits of a
severity and similarity sufficient to make the diagnosis of a head injury on
neuropsychological test batteries. Cognitive deficits attributable only to PTSD in
the face of documented traumatic events have been demonstrated in such
events as terrorist attacks, imprisonment, vehicular accidents and combat-related
ship sinkings (Gill, Calev, Greenberg, Kugelmas & Lerer, 1990, Miller, 1993).
Differentiating the cognitive deficits due to chronic pain and PTSD from those
attributable to MTBI in MVA's is therefore clearly a major dilemma.

POST CONCUSSION SYNDROME

The varied symptom complex of the post concussion syndrome also continues to
present a major challenge to the clinician treating MTBI. In addition to cognitive
impairment, patients experiencing a concussion commonly complain of
headaches, dizziness and vertigo, nausea, tinnitus, blurring of vision and
emotional symptoms. The symptoms involving mood and emotional control
include irritability, emotional lability, anxiety, stimulus sensitivity, depression and
sleep disturbance. Most are consistent with the diagnosis of PTSD. The
frequency of post concussion symptoms following minor traumatic brain injury
approaches 50%, and minor head injuries constitute the vast majority of all head
injuries presenting to emergency room (Alves, Colohan, O’Leary, Rimel & Jane,
1986). The natural history of post concussion syndrome is that of the
presentation of relatively few symptoms at the time of hospital or emergency
room discharge, but increase in frequency of symptoms at three months,
especially dizziness, cognitive problems, fatigue, visual and auditory problems.
Thereafter, many symptoms tend to improve, but headaches, dizziness, and
cognitive problems tend to persist at one year in 20-25% (Alves, et al, 1986).
Mood changes and fatigue may be uncommon early in the course of post
concussion syndrome, but often appear in cases of delayed recovery (Binder,
1986). Alexander (Alexander, 1992) compared clinical features of post
concussion syndrome in MTBI (loss of consciousness [LOC] < 15 minutes,
posttraumatic amnesia [PTA] < 24 hours), and moderate-to-severe brain injury
(LOC > 25 minutes, PTA < 24 hours). Although symptoms were similar between
the groups, at six months post accident patients in the mild group were
significantly more disabled than in the moderate-to-severe group, raising





substantial doubt about the contribution of structural brain injury to the severity
and prolongation of post concussion symptoms. Other authors have questioned
the evidence in available literature for a specific single cause for post concussion
syndrome (Rutherford, Merrett & McDonald, 1977, Lidvall, Linderoth & Norlin,
1974).

Attempts to provide a rationale for post concussion syndrome have related
symptoms to cranial, cranial adnexal and musculoskeletal trauma to soft tissues
of the head and neck (Zasler, 1992). A variety of neurodiagnostic tests have
been developed in an attempt to prove an organic etiology for such varied
complaints as cognitive impairment, positional vertigo, visual dysfunction,
disorders of taste and smell, and sleep dysfunction. Such tests include
quantitative EEG (Thatcher, Walker, Gerson & Geisler, 1989), posturography
(Shumway-Cook & Horak, 1990), electronystagmography (Zasler, 1992),
somatosensory and brainstem auditory evoked potentials (Green, Leon-Barth,
Dieter, Bengante & Walker, 1992), cognitive (P300) evoked potentials (Onoffrij,
Curatola, Malatesta, Bazzano, Colamartino & Fulgente, 1991), chemosensory
evaluation (Doty, 1992) and polysomnography (Zasler, 1992). Although these
tests provide a number of intriguing possibilities for organ-specific causes for
several post concussion symptoms, results are in general too inconsistent to lead
to predictable etiologic conclusions or treatments. In some cases, of course,
demonstrable structural damage may occur to cranial adnexa. Vertigo and
balance dysfunction may be due to otolith displacement, perilymphatic fistula or
endolymphatic hydrops (Zasler, 1993). Visual disturbance may be associated
with corneal or lens injuries or retinal detachment. Structural injury to the
intraarticular disc of the temporomandibular joint may indeed occur and create
specific symptoms (Talley, Murphy, Smith, Baylin & Haden, 1990). On the other
hand, most whiplash and MTBI patients presenting with typical post concussion
symptoms demonstrate no objective findings on examination or testing that
provides objective evidence for a structural etiology for their symptoms.

Miller (Miller, 1997) has postulated that "diffuse axonal injury and excitatory
neurotransmitter release" associated with MTBI may lead to "neurosensitization”,
a process that he relates to kindling, which may then lead to the varied
symptoms of the post concussion syndrome. He also applies the theory of
neurosensitization to other traumatic disability syndromes, including PTSD,
affective disorder, toxic trauma and chronic pain. A comparison of post
concussion syndrome and PTSD reveals that these two conditions share many
symptoms, including stimulus sensitivity, sleep disturbance, headache, emotional
symptoms and cognitive impairment. It has been noted that 17-35% of patients
diagnosed as having MVA-related MTBI also demonstrate the presence of PTSD
(Layton, et al, 1995, Middelboe, et al, 1991, Ohry, et al, 1996, Rattock, et al,
1993). A more recent study of 79 MVA related MTBI patients revealed an
incidence of acute stress disorder in 14%, and a six-month follow-up incidence of
24% (Bryant & Harvey, 1998). Dissociative symptoms suggestive of acute stress
disorder are also seen in MTBI. Depersonalization, derealization and amnesia





are commonly seen during posttraumatic amnesia in MTBI victims (Grigsby,
1986, Grigsby & Kaye, 1993). These associations illustrate the similarity and
commonality of symptoms between acute MTBI, acute stress disorder, post
concussion syndrome and PTSD.

Analysis of the specific symptoms of post concussion syndrome in this light
reveals a clear association between them and the phenomena of dissociation,
kindled neuromuscular bracing, cyclical autonomic instability and procedural
memory. Dizziness may be a symptom of autonomic dysregulation of pulse,
blood pressure and cranial vasomotor stability. When experienced as positional
vertigo, it may also be a symptom of procedural memory for the vestibular
sensory input experienced in association with directional velocity changes of the
head at the time of the MVA, linked to arousal from the trauma. Posttraumatic
headache has both myofascial and vascular features, and may be due to
autonomic dysregulation, and its effects on cranial vasculature. Binocular visual
dysfunction may well be due to reflexive ocular divergence and pupillary
dilatation, a known oculomotor reflex triggered by arousal. Linked to subsequent
experiences associated with arousal, this ocular bracing response is analogous
to the hypotheses of arousal-induced regional muscular bracing, thereby leading
to convergence insufficiency and lack of binocular congruency.

Late somatic symptoms seen frequently in patients with chronic PTSD are also
stereotyped and predictable, but are frequently misunderstood by physicians
since they do not conform to criteria-based symptoms of PTSD as outlined in the
DSM-IV. They are frequently attributed to "psychological causes”, or to
"somatization", and are often blamed on premorbid characterological traits.
These late symptoms include continuing stimulus hypersensitivity to bright lights
and sound, often requiring the use of dark glasses and earplugs. Stress
intolerance may present with cyclical exacerbation of most symptoms, especially
cognitive dysfunction and fatigue, usually associated with nonspecific stress
exposure. The syndrome may be associated with a pervasive feeling of having
the victim’s having lost their sense of self. Shyness, constriction and social
withdrawal may develop. Somatic and visceral symptoms are also remarkably
common long after exposure to traumatic stress. These symptoms may include
irritable bowel syndrome, urinary frequency and urgency, premenstrual syndrome
in women, myofascial pain, post-traumatic fiboromyalgia and pervasive chronic
fatigue. This late syndrome of emotional and somatic symptoms tends to assume
a cyclical pattern directly associated with what otherwise would be considered
normal life stresses. The symptoms described, when analyzed in the light of the
freeze response and dissociation, are consistent with a pattern of alternating
arousal and freezing (dissociation), with associated sympathetic and
parasympathetic cyclical dominance and instability. With incidental life stress,
these patients tend to dissociate, leading to the numbing of cognition, perception
and emotions, as well as the visceral symptoms described above. In some
patients, each cycle of arousal and dissociation potentates the process itself, and
leads to a progressive decline in function.





The concept of vulnerability based on prior exposure to traumatic stress is also
very important to the consideration of the meaning of the event in an MVA.
Several studies have demonstrated that the outcome of a traumatic experience is
better predicted by life experiences and factors occurring before the trauma than
the severity of the trauma itself (Clayton & Darvish, 1979, Weisath, 1984).
MacFarlane, in a study of PTSD in the wake of a natural disaster, found that
premorbid vulnerability in the form of prior life traumatic events or psychiatric
history accounted for a greater percentage of the variance of disorder than the
impact of the disaster (MacFarlane, 1989). Prior life trauma must be considered
when evaluating patients with delayed recovery from whiplash, especially those
who have experienced relatively trivial accidents.

CONCLUSIONS

We have developed a hypothesis of the whiplash syndrome as an essentially
brain-based reflex phenomenon, involving linked and kindled circuitry between
centers of arousal, declarative and procedural memory, and subcortical motor
centers of the basal ganglia and brainstem. Implicit in this theory is the concept
of fueling of the development of this circuit by a truncated autonomic and
somatically-based freeze/immobility response discharge at the time of the
traumatic event, in this case an MVA (Levine, 1997). Once activated, this circuitry
is self-perpetuating and relatively permanent as a result of kindling. Although it
may be generalized and relatively suppressed by the passage of time and
nonspecific therapy, it remains a substrate for increased susceptibility to
emotional and somatic symptoms of trauma elicited by increasingly trivial life
stresses. Thus a nonspecific life stress in such an individual may precipitate a
recurrence of cognitive, emotional and myofascial symptoms from which they
had supposedly recovered. Acceptance of the thesis that a relatively trivial stress
or emotional trauma may trigger a marked dysfunctional somatic response
requires suspension of the concept of Cartesian mind/body dualism, and
embracing the burgeoning scientific data supporting the neurophysiologic basis
for emotional symptoms and mental iliness, as well as their associated somatic
conditions. This hypothesis has its base in existing theories of PTSD, and is
closely linked to these concepts. The PTSD literature, however, still does not
adequately address the somatic elements of traumatization, which | believe to be
critical to understanding the entire spectrum of whiplash symptoms, and for that
matter, all late symptoms of post-traumatic somatization. This concept of
whiplash resolves the dilemmas of delay of onset, persistence and occasional
permanence of symptoms, the discrepancy in force exposure and apparent
injury, and the occasionally pervasive cognitive and emotional complaints seen in
some patients involved in low velocity accidents. It also emphasizes the role of
prior life trauma in sensitizing the MVA victim to a disproportionate adrenergic
response to MVA-induced trauma, and the development of delayed whiplash





recovery. This concept of reduced reserve capacity for stress tolerance, and
therefore reduced resiliency and increased vulnerability to sequential episodes of
traumatic stress, is a basic feature of patients with a history of trauma.

Treatment implications for whiplash are clear. Early therapy for exposure to
traumatic stress is essential, and should include both counseling, education and
preferably addition of somatically based trauma therapy designed to desensitize
the autonomic nervous system (Levine, 1997, Wilson, Becker & Tinker, 1995).
Some of the most effective medications for the arousal symptoms of PTSD fall
into the category of anticonvulsants, including carbamazepine, valproic acid,
gabapentin and clonazepine. These medications might predictably be expected
to inhibit the process of kindling. Physical measures for pain treatment can be
expected to provide only short-term relief, but inclusion of relaxation techniques
and stretching exercises that emphasize inhibition of the stretch reflex should be
useful. Acceptance of a unified and logical physiologic basis for the seemingly
disparate and disconnected symptoms of whiplash is important to the effective
management of the care of these patients. Use of the terms "psychosomatic”,
"psychophysiologic" and "supratentorial” in a perjorative fashion should be
avoided. Many whiplash patients feel dismissed and invalidated by their
physicians and auto insurance company representatives. Understanding and
validation by the physician, therapist, insurance payor and legal system is less
likely to retraumatize the patient and perpetuate the syndrome.
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