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Bmin Injury Medicine: Principles and Practice is
designed as a comprehensive text for all clinicians deal-
ing with the assessment, management, and rehabilitation
of patients with traumatic brain injury (TBI) from “coma
to community.” This book examines numerous aspects
of brain injury with perspectives from an internationally
respected group of authors, who include both “in the
trenches” practitioners as well as researchers. We hope
that this text will serve as a “go-to reference” for clini-
cal practitioners to use in day-to-day practice, students
and trainees learning about TBI, and other professionals
who need to learn more about TBI and its management.

The text opens with a description of the clinical
continuum of care and the natural history of TBI, fol-
lowed by perspectives on rehabilitative care in the United
States and other countries, with discussions on training
and research. Public health issues are discussed with
chapters on epidemiology and prevention. The effects of
trauma and recovery on the brain are described in
chapters on pathophysiology, brain plasticity, and treat-
ments that may influence neural recovery. Readers will
learn up-to-date information on technologies to assess
TBI, including structural and functional neuroimaging

Xiii

and electrophysiologic techniques. A series of chapters
covers prognosis and outcome, including life-expectancy.
The bulk of the text deals with clinical care of patients
with TBI—across the continuum of care, at different levels
of severity, and among different age groups. There are dis-
cussions of the full gamut of medical assessment and man-
agement of neurologic, medical, physical, cognitive, and
behavioral problems resulting from TBI. Given the biopsy-
chosocial nature of TBI and its consequences, there are also
chapters on the psychological, neuropsychological, psy-
chosocial, ethical, and medicolegal aspects of this condition.
Ultimately, the 66 chapters in this comprehensive
text will provide readers with a full complement of med-
ical and interdisciplinary rehabilitation perspectives on
the assessment and management of persons with mild to
severe TBI. It is hoped that this text brings together
knowledge, experience, and evidence-based medicine in
a manner that will promote further cross-disciplinary
practice and research in the field of TBL. Most of all, we
hope that this book will result in individuals with TBI
receiving timely and accurate assessments and appropri-
ate management to optimize their outcomes as well as the
quality of their lives and those who care for them.

Nathan D. Zasler, MD
Douglas 1. Katz, MD
Ross D. Zafonte, DO
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oreword

\/ \/ e are what our brains allow us to be. A traumatic
brain injury (TBI) changes a person as an individual and
has an impact on the ability to interact with his or her
environment. The neurorehabilitation of persons who
have had a traumatic brain injury requires an extraordi-
narily diverse knowledge base and expertise in order to
optimize both neurological and functional outcome and
minimize medical, as well as psychosocial, morbidity. In
an ideal scenario, the neurorehabilitationist facilitates
maximal community independence, patient self-reliance,
and community re-integration relative to work, leisure,
and social interactions while maintaining psychoemo-
tional health.

TBI may cause changes that affect cognition, behav-
ior, language, somatic function, and neuromedical status.
Such an injury can have a negative impact on the complex
biopsychosocial relationships that we all have in our
environment. Brain injury, in and of itself, can create addi-
tional and unexpected problems depending upon the age
of the individual at the time of injury. Sometimes, these
problems may not be readily apparent early after an
injury, but may instead develop later, as the child “grows
into” brain injury problems. The neurorehabilitation
process should ideally start in the intensive care unit and
continue through optimal community reintegration and
medical stablization. For some patients, this stage never
comes, and chronic care is therefore necessary.

The neuromedical and rehabilitative management of
TBI demands a vast knowledge of a multiplicity of fields
including neurophysiology, neuroanatomy, neuropathol-
ogy, neurology, neuropharmacology, neuropsychiatry,

XV

physiatry, psychology, neuropsychology, orthopedics,
nursing, therapy specialties including occupational ther-
apy, physical therapy, speech language pathology, and
therapeutic recreation, among others. Based on exten-
sive experience over the years, an interdisciplinary team
approach clearly facilitates optimal neurorehabilitation.
In order to optimize this process, all clinicians on the team
must have a good understanding of how to optimize the
efficacy of this treatment model and coordinate care in a
manner that is most cost-efficient relative to achieving
optimal functional outcomes.

Persons with TBI need to have a continuum of pro-
grams available in order to facilitate continuity of care
and optimize their outcomes. The specific approaches
may differ across the continuum of care, as might the
medically indicated clinicians. Each of these stages poten-
tially requires a different and evolving knowledge. Ade-
quate appreciation of clinical nuances is paramount in
being able to judge, document, and predict recovery and
future neurorehabilitative needs. Functional gains can
continue for years, even well after neurologic plateaus are
reached. Even in scenarios where one finds that patients
have functionally plateaued, there may still be opportu-
nities to manipulate the environment and/or provide new
treatment methodologies to further optimize quality-of-
life and functional status.

Given the complexities in the medical management
of this patient population and the need for a functional,
holistic approach that utilizes a biopsychosocial model
of care, clinicians need a source of information that brings
together the myriad medical and allied health specialties
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involved in understanding TBI care and rehabilitation.
This is the importance of Brain Injury Medicine: Princi-
ples and Practice. This book will provide readers with the
most recent information and methodologies to facilitate
clinical practice and optimize patient functional outcomes.
The text provides the knowledge necessary to understand
what is happening at various stages of recovery follow-
ing TBI and, more importantly, what needs to be done
during each stage. It is an excellent resource for both
clinicians and non-clinicians alike. Medical physicians
involved in neurorehabilitation, such as physiatrists or
neurologists, as well as other rehabilitation team mem-
bers, will find this book an invaluable resource. Physicians
who deal with TBI in a non-neurorehabilitation context

will certainly benefit from understanding brain injury
from the perspective provided by this text, which will
further facilitate use of rehabilitation resources in their
own community. It is an outstanding and comprehensive
book that can serve as the “bible” for each member of a
team working with a TBI patient, allowing each of them
to understand the reasons behind the decisions of their
fellow team members.

We are what our brains allow us to be. The neu-
rorehabilitation professional needs to have a standard by
which to understand and advise patients, family mem-
bers, fellow professionals, and payors regarding TBI-
related issues. This book will significantly enable each
professional to have access to this vast fund of knowledge.

Henry H. Stonnington, MBBS, MSc,
FRCPE, FAFRM (RACP), FAAPM&R
Medical Director, Rehabilitation Services,
Memorial Hospital

Clinical Professor, Section of PM&R,
Department of Internal Medicine
Louisiana State University Medical School
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SCOPE OF THE PROBLEM AND THE
CHARACTERISTICS OF TRAUMATIC
BRAIN INJURY

Systems of care for patients with traumatic brain injury
(TBI) must account for the particular characteristics of
this disorder. First, TBI is among the most common of
serious, disabling neurological disorders. It is a significant
problem in all societies. In the United States at least
1.4 million TBIs occur every year, and there are 5.3 million
people living with disability from TBI (1-3). (See Thur-
man et al., Chapter 6, for a full discussion of the epi-
demiology of TBI). Systems of care must allocate resources
for the large number of people who are affected by the
disorder.

Second, TBI is largely a younger and older person’s
disorder (2). Individuals younger than 30, mostly males,
make up the largest proportion of those affected. TBI usu-
ally impacts people who are in the later stages of adoles-
cent development or in early adulthood. Therefore, TBI
typically disrupts important periods of life involving edu-
cational and social development, emerging vocational
productivity and adult independence, and beginning
spousal relationships and family development. Older per-
sons present particular problems related to aging includ-
ing co-morbidities, slower and less complete recovery, and
vulnerability to complications of injury and treatment (4)
(see Englander et al., Chapter 21 on “The Older Adult”).

Clinical Continuum of Care
and Natural History

Systems of care must address needs that include special
educational requirements, independent living, vocational
training and supports, and supports for family members.
Third, TBI commonly affects people with preexist-
ing problems such as substance abuse, learning disabili-
ties, behavioral disorders, psychiatric disorders and other
risk factors that may make people more prone to injuries.
In addition, persons with brain injury are more prone to
psychiatric co-morbidities and psychosocial difficulties
following injury. Systems of care must consider these pre-
injury and post-injury issues with respect to injury pre-
vention, their interactions with the clinical effects of
injury and potential detrimental influence on recovery
from TBI.
Fourth, the most important and consistent effects of
TBI involve cognitive, emotional, and behavioral func-
tioning. Motor and sensory perceptual problems also
occur in varying amounts, more likely in those with more
severe injuries. Cognitive and behavioral problems pre-
sent more challenges to the health care system because
they are often more difficult to recognize, characterize,
and treat than traditional medical and physical problems.
Persons with TBI, particularly less severe injuries, may
not have any obvious physical markers of the injury,
though there may be profound effects on the individual’s
ability to function, largely resulting from cognitive or
behavioral dysfunction. Criteria for medical rehabilitation
reimbursement, length of stay, and utilization decisions are
3
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often more focused on motor issues affecting function
and less focused on cognitive and behavioral treatment
issues. Some insurance payers even exclude coverage
for cognitive rehabilitation, although there is evidence
to support its efficacy (5, 6) (see Cicerone, Chapter 41 on
cognitive rehabilitation). Systems of care must focus
on proper assessment and treatment of cognitive and
behavioral problems, even though they may not fit the
characteristics of medical rehabilitative systems that were
originally developed for medical and physical disabili-
ties (see Chapters 41-45).

Fifth, TBI, especially more severe injuries, can have a
relatively extended natural history and lifelong effects.
Recovery from TBI may be more protracted, over a rela-
tive longer portion of the lifespan, than most other acquired
injuries or neurological disorders that evolve more quickly
or typically affect persons at later stages of life. Thus, sys-
tems of care for TBI need to recognize the potentially pro-
longed recovery timetable. Further, recovery after TBI has
a somewhat predictable and characteristic course, with a
variety of recognizable cognitive, behavioral, and sensori-
motor syndromes at different stages. An appreciation of the
natural history of TBI is essential to assessing the individ-
ual and to effectively applying treatment and services at dif-
ferent stages of recovery, as well to avoiding treatment that
may be unnecessary or ineffective (see discussion on nat-
ural history below).

Finally, TBI is a disorder with a wide variety of
pathophysiological effects, a range of severities, and a
multitude of problems that may occur as the result of
injury. Persons with apparently similar injuries may
have significant variation in their presentation, course of
recovery, response to interventions and ability to return
to functioning. Systems of care should have a breadth of
treatments and services to address the variety of problems
that can occur after TBI, and the flexibility to move per-
sons through the system in different ways depending on
their individual needs at different times post-injury.

THE DEVELOPMENT OF SYSTEMS OF CARE

The provision of a comprehensive continuum of care for
persons with TBI is an enormous challenge given the char-
acteristics of TBI outlined above and the wide range of
services that should be provided to large numbers of peo-
ple, over relatively longer periods than most other disor-
ders. The challenge confronts many groups: persons with
TBI and their families; clinicians managing the care of the
patient with TBI; service providers attempting to provide
efficient and effective care; health insurance providers;
public and other payers balancing coverage needs with
financial pressures; and society at large, making choices
about resource allocation and costs. Resources for
patients with TBI include: acute and post-acute medical

care; rehabilitative services in the hospital, at home, in the
community, and in residential settings; psychosocial ser-
vices; educational and vocational services; and a variety
of other support services.

The development of systems of care for persons with
TBI evolved in the 1970s and 1980s. In part, the systems
that developed for care of patients with TBI were influ-
enced by systems of care that were developed for those
with spinal cord injury (SCI). Prior to development of spe-
cific programs for persons with TBI, patients were fre-
quently treated in psychiatric facilities, nursing homes, or
more general rehabilitation facilities. The Rehabilitation
Services Administration and NIDHR (which was to
become NIDRR), which had funded SCI model systems
in the early 1970s, also funded two model system projects
for TBI in 1978 at Stanford University and New York
University (7). The recommendations from these projects
helped to promote the development of interdisciplinary,
dedicated TBI programs with services across the contin-
uum of recovery. As programs began to develop, the lack
of organized planning led to an initiative by the NIDRR
under the Department of Education in 1987 to fund five
TBI model systems demonstration projects (8). This has
expanded to sixteen TBI Model Systems Projects through-
out the country in part aimed at gathering information
to improve comprehensive systems of care for patients
with TBI. The components of these model systems of care
includes emergency medical services, acute neurosurgi-
cal care, comprehensive rehabilitation services, long-term
interdisciplinary follow-up and rehabilitation services, as
well as what were termed optional services, including
behavior modification programs, home rehabilitation ser-
vices, case management and community living options (8).
A key portion of this program has been longitudinal and
project specific based research.

Beginning in the mid-1980s, the Commission on
Accreditation of Rehabilitation Facilities (CARF) devel-
oped standards for TBI rehabilitative care by establishing
specialized accreditation for TBI programs. It now accred-
its TBI programs in six categories: inpatient, outpatient,
home- and community-based, residential, long-term res-
idential, and vocational.

An important development in TBI care was the TBI
Act of 1996 passed by Congress to “provide for the con-
duct of expanded studies and the establishment of inno-
vative programs with respect to traumatic brain injury.”
Four provisions of the Act included surveillance and pre-
vention under the CDC; basic and applied research to
improve diagnosis, therapeutics and the continuum of
clinical care conducted by the NIH; a planning and imple-
mentation grant program to the states under the Health
Resources and Services Administration (HRSA); and a
Consensus Conference conducted by the Center for Med-
ical Rehabilitation and Research at NIH (9). The NIH
consensus conference panel addressed the continuum of
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care for TBI in their conclusions. The recommendations
included that “persons with TBI should have access to
rehabilitation services through the entire course of recov-
ery, which may last for many years after the injury” and
that “community-based, non-medical services should be
components of the extended care and rehabilitation avail-
able to persons with TBI” (10).

REALITIES OF THE MARKETPLACE

Although demonstration projects such as the TBI Model
Systems have presented apparently effective systems of
care for persons with TBIL the realities of the marketplace
in the United States have presented challenges to provid-
ing such care and services to all those in need. Corrigan
outlined 20 important challenges to meeting the needs of
persons with TBI, within the categories of access, avail-
ability, appropriateness, and acceptability (9). With regard
to access, the problems involve identifying and utilizing
services, even if they are available. There may be difficul-
ties accessing information about available resources.
Sometimes it is difficult to determine what resources are
covered by health insurance, and sometimes coverage is
denied even after services are delivered. Families and care
providers usually lack roadmaps to guide access to appro-
priate resources, and points of entry into publicly funded
systems may be unclear. Service systems may have artifi-
cial barriers created by narrow eligibility criteria. Services
are often fragmented and not well coordinated.
Corrigan pointed out a number of availability issues
for which the main limiting factor is funding. Health
insurance may not cover needed services that are avail-
able, or may direct individuals to centers that are less
familiar with the care of persons with TBI. Further, lack
of payer support may preclude the availability of some
services to begin with. Many persons with TBI have no
health care funding at all at the time of injury, and pre-
sent state budget constraints are further threatening the
Medicaid program. When available, health insurance typ-
ically fully covers acute care, but coverage for rehabilita-
tive care becomes incrementally more difficult across the
continuum of care, from inpatient to outpatient to resi-
dential and community services. Health insurance cover-
age also tends to be more restrictive for cognitive and
behavioral services as opposed to more traditional phys-
ical rehabilitative and medical treatment. In many cases,
coverage for services has to shift from private to public
sources such as Medicaid and Medicare over the course
of recovery because of limits in coverage for longer term
care in many policies. Public funding has further restraints
on long-term coverage. Several states have developed a
system of Medicaid waivers to provide long-term home
and community-based services that would otherwise be
covered only for institutional settings, such as nursing

homes. The fragmentation and limitations in financing of
care and services can create a nightmare of coordination
for persons with brain injury, their families, and service
providers. Clinicians who coordinate care for persons
with brain injury must become aware of the complexi-
ties of reimbursement and the array of alternative sources
of funding for TBI care and support in their community.

Other issues affecting the availability of services
include geographic limitations; lack of transportation; a
paucity of appropriate, affordable housing; limitations in
resources for behavioral problems in children with special
needs; and the long-term needs of persons with TBI (9).
Patients with TBI in rural communities have special chal-
lenges in finding services within a reasonable distance.
Even when available in a nearby area, transport to and
from these services can be a major problem, and home
services may not be available or sufficiently expert for this
population. The ability to provide a full array of services
to all age groups within a reasonable proximity, with full
funding support, is an enormous challenge that may never
be fully satisfied.

The appropriateness of available resources is also a
common problem. Sometimes the reason for inappropriate
services is dictated by payer constraints. For instance,
because the main payer for long-term care services is Med-
icaid, if waivers to support home and community services
are not available, patients with TBI who cannot return home
may be placed in nursing homes, even though community-
based services may be more appropriate. Even if services
are available, programs and professional providers may
lack the knowledge and expertise to serve this population.
Generalists in a particular discipline or specialty may not
have the skills for proper assessment or treatment of the
patient with TBIL. Accreditation programs such as CARF
and the American Academy of Certified Brain Injury Spe-
cialists (AACBIS) have attempted to set standards and cre-
dentialing to assure appropriateness of programming and
expertise. (See also Chapter 4 on training and certification.)
Nevertheless, such expertise may simply not be available in
some geographic areas or at certain levels of care. Some-
times erroneous services are applied because of this lack
of expertise, but at times services may be improperly or
needlessly applied even by those with expertise. Inaccurate
diagnosis, inappropriate application of treatment at a par-
ticular stage of recovery, use of unproven or ineffective
treatments, or application of effective treatment to those
for whom it would not be of benefit are examples. Use of
accurate diagnosis and prognosis is necessary to avoid some
of these problems of inappropriate treatment (see below on
natural history). Sometimes services are not fully relevant
to a person’s and family’s needs at a particular time or in a
particular environment. The acceptability of these services
to the goals of the person with TBI and how services pro-
mote the persons self-actualization is another challenge to
the TBI service marketplace (9).
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ESSENTIAL COMPONENTS OF THE
CLINICAL CONTINUUM

The continuum of care for patients with TBI occurs in a
variety of settings. Figure 1-1 illustrates the different types
of care and how patients may move through these compo-
nents. The flow through these services may not be linear.
Patients may enter or leave the system of care at different
points, or reverse directions, based on individual needs or
the dictates of the marketplace.

Prevention

The earliest aspect of the care continuum involves public
health issues prior to injury occurrence. Injury prevention
is an essential part of trauma care systems. The TBI Act
of 1996 charged the CDC with the responsibility for pre-
vention, in addition to surveillance, to assess factors that
increase the risk of TBI and those that are protective. Injury
prevention programs generally include three components:
programs designed to alter behavior and improve decision-
making to increase self-protection; product improvement
to minimize the chance of injury or protect the individual

in an accident; and legislation and public policies that
require individuals to follow safety guidelines. Prevention
of TBI includes a number of efforts such as reducing alco-
hol-related injuries, preventing falls, preventing violence,
promoting safe practices in sports, promoting helmet and
seatbelt use, enhancing safe driving practices, and improv-
ing vehicle safety. (See Napolitano et al., Chapter 7, for a
discussion of primary prevention.)

Emergency Medical Services

Since the 1980s, emergency trauma systems have devel-
oped throughout the United States and have led to
improved survival and recovery (11-13). Mortality for
those that reach the hospital has been reduced from nearly
50% to about 25% (13). Regional trauma systems have
developed to promote quick evacuation using ground or
air transport to level I and level II trauma centers from
the field, or from level IIl and IV trauma centers when
necessary for more serious injuries. The level T and II
trauma centers have full-time intensive care, imaging,
neurosurgical, and other trauma subspecialists. The Brain
Trauma Foundation’s (BTF) Guidelines for Prehospital

Injury
Emergency Acute Acute Vocational
medical » hospital » inpatient Outpatient services
services care rehabilitation rehabilitation:
& Individual therapy
Day program Special
Subacute and / Home program education
skilled nursing
facility care
Community-
based services:
Supported living
Residential Support networks
rehabilitation Support groups
Recreation groups

FIGURE 1-1

Usual flow of patients through the clinical continuum of care. Choices of services and direction of flow will be based on sever-
ity, stage of recovery, patient’s needs, availability of resources, availability of home and community supports, and constraints

of the marketplace
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Management of Traumatic Brain Injury have played a role
in improving emergency prehospital care (12). Although
improved, proper diagnosis, patient education, and refer-
ral for appropriate follow-up is still lacking for many
patients (14).

Acute Hospital Care

Patients with TBI who are admitted for acute hospital
care range from those who need a period of observation
to recognize secondary neurological deterioration and
neurosurgical complications that may ensue after a delay,
to those with co-morbidities that require hospital care, to
those with more severe brain injury that requires inten-
sive care management. Acute neurosurgical and inten-
sive care for patients with TBI have improved over the
last two decades with better survival and outcomes (15).
Evidence-based guidelines for acute TBI care, including
the use of intracranial pressure monitoring, have con-
tributed to better outcomes (16-18). (See also Chapters 18
and 19 on acute care.)

Rehabilitation assessment and early rehabilitative
interventions should take place a short time after admis-
sion, in the acute hospital setting. Subsequent decisions
for rehabilitative care are made as the patient progresses
toward medical and surgical stability, when the severity
of the injury and the clinical rehabilitation needs become
more apparent. The pathway toward acute inpatient
rehabilitation versus outpatient or subacute care is largely
based on injury severity and pace of recovery. Generally,
patients with severe injuries (e.g., unconsciousness for a
day or more, or post-traumatic amnesia and confusional
states of at least days to weeks, or patients with large focal
lesions) move to acute inpatient rehabilitation facilities.
Constraints related to marketplace issues may affect this
decision. For instance, some health care plans will not
support admission to inpatient rehabilitation facilities if
a patient has few traditional physical rehabilitation needs
(e.g., needs little or no help ambulating) even if the patient
has profound cognitive and behavioral disturbances
related to the injury. Patients with mild injuries generally
return home and may need outpatient rehabilitation ser-
vices. A proportion of patients with moderate injury may
benefit from at least a brief inpatient rehabilitation stay,
depending on their circumstances. Patients who are
slower to recover may require extended care in the acute
hospital, or be transferred to subacute or skilled nursing
facility (SNF) care instead of inpatient rehabilitation. In
many systems such persons may be lost to the follow-up
of those with a primary interest in caring for patients with
TBI. Strong consideration should be given to transfer-
ring such patients to facilities with special expertise in the
assessment and care of patients who are unconscious or
minimally conscious (usually in acute inpatient rehabili-
tation or specialized subacute facilities), because these

patients are vulnerable to secondary complications and
may have significant potential for further recovery, albeit
at a slower pace.

Acute Inpatient Rehabilitation

Acute inpatient rehabilitation may occur on general reha-
bilitation units or in dedicated brain injury units that are
within acute care facilities or part of freestanding reha-
bilitation hospitals (inpatient rehabilitation facilities or
long-term care hospitals). Admission criteria to hospital-
based acute inpatient rehabilitation involve the following:

1. an intensity of medical and nursing care needs that
requires full-time physician monitoring and special-
ized rehabilitative nursing expertise;

2. functional deficits that would benefit from a higher
level of rehabilitation treatment intensity (usually
designated at a minimum duration of 3 hours a day).

Patients are best served in programs dedicated to
brain injury care or those with a significant proportion of
staff with expertise in managing brain injury. Rehabilita-
tion teams usually include: case managers; physical, occu-
pational, and speech therapy staff; rehabilitation nurses;
nursing assistants; psychologists; neuropsychologists; reha-
bilitation physicians (usually a physiatrist, rehabilitation
neurologist, or neuropsychiatrist); primary care physicians;
and a variety of other consultant medical specialists. Other
disciplines such as social workers, rehabilitation techni-
cians, therapy assistants, behavior specialists, recreation
therapists, other subspecialty therapists, chaplains, and
attorneys may also contribute to care.

Expertise in managing behavioral problems and
assuring patient, family and staff safety is important
because patients in agitated confusional states are usually
managed at this level of care (see below). Family educa-
tion to familiarize them with the problems and needs of
persons with brain injury is essential at this level of care,
especially for those that will transition home from acute
inpatient rehabilitation. The decision regarding the next
level of care depends on the patient’s medical stability,
level of dependency, safety, and whether the person’s
needs can be adequately met at home or requires further
institutional care. Patients with severe TBI typically still
require some supervision and, perhaps, physical assis-
tance for self-care and mobility when they are ready to be
discharged from acute inpatient rehabilitation.

Subacute and Skilled Nursing
Facility Rehabilitation

Patients with TBI are usually admitted to this level of care
from acute hospital care or acute inpatient rehabilitation.
Therapies are provided at a lower level of intensity than in
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acute inpatient rehabilitation and the level of medical mon-
itoring is less frequent than acute inpatient rehabilitation.
There are many programs at this level that specialize in neu-
rorehabilitation and it is certainly preferable if this level of
care occurs in programs with special expertise in brain
injury management. Specialized neurobehavioral treatment
units in SNFs are available in some areas for patients with
more persistent behavioral regulation problems.

As noted above, some SNFs may offer specialized
care for patients with TBI with prolonged impairments of
consciousness. The availability of specialized subacute and
SNF facilities may be limited in some areas because of mar-
ket constraints. Care for the needs of TBI patients in these
settings may be costly, exceeding the usual reimbursement
standards for this level of care. Alternative funding sources
or variance in reimbursement standards may be necessary
to maintain more specialized subacute or SNF care.

Often, SNF level rehabilitation care takes place in
more general facilities, and frequently younger patients
with TBI are in the minority among an older group of
patients with other disorders, such as dementia. Lengths
of stay at this level of care varies but usually lasts one or
more months; a minority of patients transition to unskilled
residential levels of care at the same facilities. A large pro-
portion of patients transition home and may go on to out-
patient rehabilitation or other outpatient services.

Outpatient Rehabilitation

Outpatient rehabilitation can take on a number of dif-
ferent forms. Sometimes it consists of individual therapies
involving physical, occupational and speech therapists.
There may be other available services including psychol-
ogy, neuropsychology and therapeutic recreation. The
team may be led by a case manager, and they may provide
other coordinated activities such as group treatments.
Usually rehabilitation at this level is less coordinated than
inpatient treatment and therapists provide care more
autonomously. This type of care may occur in the setting
of the home through visiting nurse or other agencies, or
on the premises of an acute hospital, a rehabilitation hos-
pital, or an outpatient rehabilitation facility.

A more coordinated form of outpatient rehabilita-
tion may take place in a day program, with a full array
of therapies, group treatments and group activities, case
management, and regular team meetings to set goals and
review progress. More holistic programs may include a
psychotherapeutic milieu associated with the therapy pro-
gramming. These programs are often in naturalistic, com-
munity settings and take advantage of this location to set
up activities to foster community reentry treatment goals.

The length and intensity of treatment is determined
by the patient’s needs but is largely constrained by health
insurance payer contracts and public funding policies
limiting duration of care and range of covered services.

Following outpatient rehabilitation, additional community-
based services may be provided.

Residential Rehabilitation

Group residence programs may provide services at vari-
ous stages after injury. These programs may offer indi-
vidual therapies and group therapies, as well as resources
to foster independent living skills. Residential programs
may be aimed at patients recently discharged from acute
hospital settings or acute inpatient rehabilitation, or those
later in the process of recovery who cannot be in their
own home setting, and who require a structured, super-
vised setting and specialized programming cannot be in
their own home setting. There are usually only part-time
nursing services and programs may or may not provide
physician services. Those states with more generous auto
insurance benefits tend to have more extensive residen-
tial programs. Staffing includes a mix of professional
therapists, other professional disciplines, and lay staff.
Patients may progress in levels of independence in these
setting and go back home or to other long-term living
arrangements, such as supported living (see “Other Com-
munity-Based Services” below), after this level of care.

Vocational Services

For most persons with TBL, the return to work is the most
important long-term rehabilitation goal and measure of
treatment success. Returning to some sort of productive
activity is an essential part of societal reintegration and
life satisfaction after brain injury and an important part
of the continuum of care. In the United States, the states
receive federal money to operate vocational rehabilitation
programs to provide vocational rehabilitation services to
individuals with disabilities. Services support reeducation,
training and worksite support services. Even those with
severe injuries, who may not qualify for regular market-
place jobs, are eligible for services under this mandate.
Supported employment has become one of the important
vocational rehabilitation strategies for getting persons
with disabilities back to employment in regular work
sites. These services are most successful when coordinated
with outpatient rehabilitative care and assessments. Many
of these programs have been underfunded and it has been
a problem to provide the intensive ongoing supports that
are necessary to keep some persons with TBI employed.
Many states have adopted innovative programs to extend
funding using resources such as Medicaid waivers to
improve services and employment retention (19).

Special Education

Education services are a necessary component of the
continuum of care for children and adolescents with TBIL
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TBI became a part of the federal Individuals with Dis-
ability Education Act in 1990. This federal law mandates
that the education needs of school age children with TBI,
among other disabilities, will be provided in the public
schools and must include any necessary rehabilitation ser-
vices. Services should be planned and monitored using an
individualized educational program (IEP). Students often
transition from inpatient or outpatient rehabilitation to
school-based services, sometimes beginning with home
tutoring. Ylvisaker and colleagues have made a number
of recommendations for assessment, intervention, student
support, educator training, family support and system
flexibility to better serve the particular educational and
rehabilitative needs of students after TBI (20).

Other Community-Based Services

Persons with TBI may require other ongoing care and sup-
port after formal rehabilitative care has ended. These home
and community-based services are more fragmented and
less readily available. Patients who are unable to live inde-
pendently, and who are not relying on home supervision
by family or friends, require supported living environ-
ments. Previously, because Medicaid has been the primary
funder of long-term care, this meant placement in nursing
homes, usually a poor alternative for younger persons with
TBI. A growing number of states with Medicaid waiver
programs have been able to provide supported living ser-
vices in the community using such models as supervised
group homes, foster homes, and personal care attendants.
A number of other models have been developed.

Community support networks and support groups
for persons with TBI and their families are important
resources. One such support network, the Clubhouse
Model, adapted for persons with TBI in the 1980s from
the psychiatric community, provides a setting for mem-
bers and volunteers to participate in social, recreational,
and work-related activities. It has been a cost-effective
method to promote practical, functional living skills. Sup-
port groups for persons with TBI and their families are
often sponsored by state chapters of the Brain Injury
Association of America (BIAA).

Other necessary community services include provi-
sions for transportation for those who are unable to drive
or ride public transportation. Respite care to provide time-
off for full-time caretakers of persons with severe disabil-
ity after TBI is another important need. Legal services,
financial and estate planning, mental health services, and
treatment of substance abuse must also be considered part
of community-based system of care for people with TBL

Case Management

Fragmentation and lack of coordination of care is one
of the major problems in finding and applying proper

services for the individual with TBI. Case managers
within institutions and in the community play an essen-
tial role in coordinating services. Case managers collab-
orate with others, including patients, families, providers,
and payers to assess, plan, implement, coordinate and
monitor services to meet an individual’s needs and pro-
mote favorable outcomes in a cost-effective manner. In
addition to coordinating care within the TBI system, case
managers must coordinate treatment in other areas such
as chronic pain, mental health and other medical specialty
areas. Case managers and life care planners may develop
proposals outlining the anticipated lifelong care needs of
persons with TBI (see Weed and Berens, Chapter 66, on
life care planning).

SERVICE DELIVERY IN RELATION TO
NATURAL HISTORY OF TBI

Accurate diagnosis and an appreciation of the natural his-
tory of TBI are useful in formulating treatment plans and
assuring appropriateness of services along the continuum
of care. This effort involves assessing a person’s brain
injury in the context of pathophysiologic damage, associ-
ated clinical neurobehavioral syndromes, stage of recov-
ery and anticipated course of recovery, based on knowledge
of brain-behavior relationships and natural history (21).
The formulation must also consider interaction with non-
injury factors such as age and psychosocial issues, asso-
ciated injuries, premorbid problems, co-morbidities, and
later complications.

This understanding helps in determining where the
patient is along the path of recovery and in projecting
expectations for subsequent recovery to inform treatment
planning with respect to treatment setting, treatment
strategies, treatment goals, and length of stay. It may also
help avoid unnecessary treatment of problems that may
be expected to resolve as part of the natural course of
recovery (e.g., post-traumatic amnesia or confusional agi-
tation) or impairments with a poor prognosis that may
not recover with direct treatment (e.g., amnesia after
extensive, bilateral hippocampal injury or behavior dys-
regulation after massive bilateral orbital prefrontal and
temporal polar damage).

Such an understanding of natural history also helps
determine when clinical syndromes do not fit the expected
path of recovery, suggesting possible secondary neuro-
logical complications (e.g. hydrocephalus, chronic sub-
dural hematomas), the influence of noninjury factors
(medical, iatrogenic or psychogenic), or misdiagnosis of
injury type and severity. The clinical natural history of
TBI can be defined in the context of focal or diffuse neu-
ropathologic events. (See Kochenak et al., Chapter 8, for
an extended discussion of TBI neuropathology.) The crit-
ical pathophysiologic factors are the type, distribution,
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severity, and location of these combined neuropatholog-
ical events after brain injury.

Although focal and diffuse pathological processes
are often intermingled and have common secondary and
metabolic consequences, it is useful to consider them sep-
arately for the purposes of clinical diagnosis. The preci-
sion of diagnosis varies and may be challenging, especially
with respect to diffuse and secondary injuries, for which
there are as yet no readily available, direct clinical, diag-
nostic probes.

Diffuse Injury

Diffuse axonal injury represents the main diffuse patho-
logical process, but it is associated with a host of associ-
ated pathophysiological phenomena (see Chapter 8). The
natural history of diffuse injury is characterized by a rec-
ognizable pattern of stages that occur across the wide
spectrum of severity. Injury severity determines the dura-
tion of recovery stages and levels of impairment at each
stage of recovery. These stages can be combined into three
principal phases of recovery from the acute to chronic
stages:

1. loss of consciousness (LOC);
2. post-traumatic confusion and amnesia (PTA);
3. post-confusional restoration of cognitive function.

These form the basis for the main indices of clinical
severity for TBI. These indices can help project a rough
approximations for the time course of recovery and the
probabilities for a particular outcome (22-26). The three
phases of recovery appear to be proportionally related
in patients with diffuse injury; each subsequent phase is
typically several-fold longer than the previous one (22).
Their proportionality in patients with diffuse injury,
although variable, can contribute to predicting the time
course of recovery. For instance, there was a predictable
relationship between the duration of unconsciousness
(LOC) and duration of confusion/PTA in a series of
patients with diffuse injury defined by a linear regres-
sion model that predicted nearly 60% of the variance —
PTA (wks) = 0.4 X LOC (days) + 3.6 (22). This model
was confirmed in a separate cohort of 228 patients (27).
Longer PTA was observed in older patients, especially
over age 40, or if a focal frontal lesion was present. Pre-
dicting PTA may aid rehabilitative treatment planning
with respect to length of stay decisions, treatment choices
for confusional agitation, and other treatment issues at
this stage of recovery.

Patients with the least severe diffuse injuries (mild
concussion) evolve through LOC (if complete loss of con-
sciousness occurs at all) in seconds to minutes and
through PTA usually in minutes to hours, followed by a
post-confusional phase typically lasting days to weeks. In

mild TBI the transition through the earliest stages may be
brief, unwitnessed, and difficult to document. Patients
with severe TBI may require days to weeks to evolve
through LOC, weeks to months to resolve confusion and
PTA, and months to years to evolve through the post-
confusional residual recovery phase. The course of recov-
ery after severe TBI is among the longest observed after
neurological damage. Dynamic changes in neuropsycho-
logical functioning have been observed as long as 5 years
post-injury (28-31). Some patients with very severe
injuries may stall in recovery at some stage in this process
(e.g., permanent vegetative state (32) or minimally con-
scious state (33).

This pattern of recovery has been delineated in stages
according to various schemas. The most widely used is the
Rancho Los Amigos levels of cognitive functioning (34).
(See Table 1-1.) Another schema, first proposed by
Alexander (35) and further modified (referred to as the
Braintree scale) (21, 36), follows more traditional neuro-
logical nomenclature. (See Table 1-2.) As patients progress
through these stages the principal defining cognitive lim-
itations evolve from deficits in arousal and consciousness,
to basic attention and anterograde amnesia, to higher-level
attention, memory, executive functioning, processing
speed, insight, and social awareness (37).

The first stage of recovery is coma, a state of uncon-
sciousness without spontaneous eye opening. This corre-
sponds to Rancho level I. Patients with diffuse axonal injury
are unconscious at the outset, without lucid interval. The
depth of coma in the time period shortly after injury, as
measured by the Glasgow Coma Scale (GCS), is one of the
common markers of injury severity and prognosis.

Almost all persons with severe TBI who survive
resume spontaneous eye opening and sleep/wake cycles
while still unconscious, a condition termed a vegetative
state or Rancho level II. Except for the small percentage
of very severely injured patients who remain permanently
vegetative, evidence of awareness and purposeful behavior
resume, often heralded by visual fixation and tracking.
The ability to follow commands is the usual convincing

TABLE 1-1

Rancho Los Amigo Levels of Cognitive
Functioning After TBI (34)

L No response

II. Generalized responses
III. Localized responses

IV. Confused - agitated

V. Confused - inappropriate
VI Confused — appropriate
VII. Automatic — appropriate

VIII. Purposeful and appropriate
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TABLE 1-2

Braintree Neurologic Stages of Recovery from Diffuse TBI (and corresponding Rancho Los Amigos
Scale Levels) [settings of care]

. Coma: unresponsive, eyes closed, no sign of wakefulness (Rancho 1) [emergency medical services; acute inpatient
hospital]

. Vegetative state/waReful unconsciousness: no cog-nitive awareness; gross wakefulness, sleep-wake cycles begin

(Rancho 2) [acute hospital; acute inpatient rehabilitation; subacute rehabilitation]

. Minimally conscious state: inconsistent, sim-ple purposeful behavior, inconsistent response to commands begin; often
mute (Rancho 3) [acute hospital; acute inpatient rehabilitation; subacute rehabilitation]

. Confusional state: interactive communication and appropriate object use begin; amnesic (PTA), severe basic attentional
deficits, hypokinetic or agitated, labile behavior; later, more appropriate goal-directed behavior with continuing antero-
grade amnesia (Rancho 4, 5, partly 6) [acute hospital; acute inpatient rehabilitation]

. Post-confusional/emerging independence: marked by resolution of PTA; cognitive impairments in higher-level attention,
memory retrieval and executive functioning; deficits in self-awareness, social awareness, behavioral and emotional
regulation; achieving functional independence in daily self care, improving social interaction; developing independence
at home (Rancho 6 & partly 7) [acute inpatient rehabilitation; subacute inpatient rehabilitation; outpatient rehabilitation;
residential treatment; outpatient day hospital and community reentry]

. Social competence/community reentry: marked by resumption of basic household independence; developing indepen-
dence in community, household management skills and later returning to academic or vocational pursuits; recovering
higher level cognitive abilities (divided attention, cognitive speed, executive functioning), self-awareness, social

skills; developing effective adaptation and compensation for residual problems (Rancho 7& 8) [outpatient community
reentry programs; community-based services — vocational; special education; supported living services; mental health

services]

marker of restored consciousness. Almost all patients
with some loss of consciousness will be evaluated and
treated by emergency medical services. Those with brief
alterations of consciousness (e.g., seconds or minutes)
may be discharged home. Patients with more prolonged
LOC or more complicated injuries (e.g., focal lesions,
other injuries) will likely be admitted for acute inpatient
care, often beginning in surgical intensive care units,
usually supervised by neurosurgical or surgical trauma
specialists.

For patients recovering slowly, cognitive respon-
siveness may begin erratically and inconsistently, without
any reliable interactive communication. This stage may
be called a minimally conscious state and corresponds to
Rancho level IIT (33). Many patients at this stage will con-
tinue in acute medical care settings and some who are
slower to recover will transition to rehabilitation facili-
ties, including acute inpatient rehabilitation, subacute
rehabilitation, long-term care hospitals or skilled nurs-
ing facilities. (See also Chapter 25 on disorders of con-
sciousness.)

When purposeful cognition is unequivocally estab-
lished, basic attention and new learning remain severely
impaired. This clinical condition may be labeled a con-
fusional state and corresponds to Rancho levels IV, V, and
part of VI. At this stage, patients are often highly dis-
tractible, with poorly regulated behavior. They may
rapidly escalate to agitated behavior (Rancho IV). Less
often, patients may remain in a state of underactivated,
hypokinetic, withdrawn behavior. Dense anterograde

amnesia also defines this stage; patients are disoriented,
have little or no moment-to-moment episodic recall and
display little or no ability to learn new information after
even a brief delay (posttraumatic amnesia). As this stage
evolves, patients are better able to focus attention and
regulate behavior (Rancho V). The end of this stage is
characterized by a significant improvement in focused and
sustained attention, reliable orientation, and resumption
of continuous, day-to-day memory, albeit still somewhat
defective (Rancho VI). Patients at this period of recovery
are appropriate for care in dedicated TBI units in acute
inpatient rehabilitation. Towards the end of this period
of recovery, transition to home and outpatient rehabili-
tation programs should be contemplated. Patients who
are transitioning slowly, or who still require significant
amounts of supervision and assistance that may not be
feasible at home, may require continued institutional
treatment, perhaps at a skilled nursing facility or a resi-
dential treatment facility. Some may transition to an
outpatient day program.

The post-confusional stages of recovery are charac-
terized by a gradual improvement in cognitive and behav-
ioral functioning in those with more severe injuries. This
phase of recovery may be further broken into stages of
emerging independence, as patients’ cognitive abilities, self-
awareness, and insight allow independence in self-care and
safe unsupervised activity at home (Rancho level VII),
and a stage of social competence and community reentry,
with restoration of the capacity for independent func-
tion in the community or at the higher-level demands

11
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of school or the workplace (Rancho level VIII). Services
at these stages of care include outpatient therapies, day
programs, community-reentry programs, residential
treatment, and a variety of community-based services.

Focal Injury

Focal cortical contusions, deep cerebral hemorrhages, and
extraaxial (subdural and epidural) hemorrhages make up
the majority of focal lesions after TBI. The time course of
natural history of focal injury resembles that of vascular
lesions of other causes, particularly hemorrhagic stroke,
but the clinical consequences of focal injury after TBI are
characteristic, owing to the predilection of lesions in the
anterior and inferior portions of the frontal and temporal
lobes. The acute phase involves edema and other early sec-
ondary pathophysiological phenomena which are maxi-
mal over the first few days post-injury. The resulting effects
may include confusion and, perhaps, decreased arousal,
especially if a mass effect compromises diencephalic and
mesencephalic structures. Otherwise primary focal pathol-
ogy is not directly associated with loss of consciousness.

As edema and other secondary effects wane over the
first three weeks, more specific localizing effects of focal
damage become more apparent. Recovery during this
subacute phase is maximal over the first 3 months, but
improvement may continue at a slower rate over many
months. The size and depth of focal lesions, their later-
ality and the potential for reorganization within the
neural networks affected by the damage, all in large part
determine the time course and outcome.

Damage to limbic neocortical and heteromodal areas
of the frontal and temporal lobes determines the usual
effects of focal TBI on cognitive and behavioral function-
ing. The residual syndromes of prefrontal lesions include
alterations in affect and behavior (e.g., disinhibition or apa-
thy) impairment in attention, working memory and mem-
ory retrieval, and dysfunctional higher-level cognition
(e.g., executive functions, insight, social awareness). Lesions
in anterior and inferior temporal areas may also contribute
to affective and behavioral disturbances. Larger lesions
extending to medial temporal areas may produce specific
impairments in memory encoding and retrieval (amnesia).
Other localizing temporal syndromes involve extension of
lesions into auditory association areas (e.g., aphasia, with
left hemisphere lesions) and visual association areas (e.g.,
visual agnosias, especially with bilateral lesions).

The clinical syndromes associated with focal lesions
are often embedded in the evolving effects of diffuse
injury, if both types of injury are combined. Particularly
with more severe and diffuse injuries, the overall outcome
is driven largely by the effects of diffuse rather than focal
injury (38). In patients with mild to moderate diffuse
injury, large focal lesions may have more influence on
recovery (39-41). Characterization of the localizing

syndromes associated with focal lesions may be difficult
until unmasked after resolution of post-traumatic confu-
sion. Another difficulty in isolating the effects of focal
lesions is that neurobehavioral syndromes may be iden-
tical to those related to diffuse injury (e.g., dysexecutive
syndrome, behavioral dysregulation) because these same
areas, especially their axonal projections, are affected by
diffuse pathology (42).

Although the problems may be similar, recovery and
prognosis may be different. For instance, features of the
frontal lobe syndrome, may be more persistent in patients
with frontal contusion (43, 44). Levin et al. (45) observed
that although other aspects of recovery were similar, uni-
lateral frontal lesions adversely affect psychosocial out-
come in children with TBI compared to those without
focal frontal lesions. These aspects of diagnosis and prog-
nosis related to focal lesions should also help inform reha-
bilitation planning. For example, behavioral regulation
problems related to bilateral frontal and temporal focal
lesions may be more persistent and thus demand more
active early intervention and treatment planning over a
longer horizon than similar problems that might occur
after diffuse injury, which may be expected to resolve
more successfully as the stages of recovery evolve.

SUMMARY AND CONCLUSIONS

The provision of a continuum of care for persons with
TBI is an enormous challenge given the numbers of peo-
ple affected by the disorder (patients, family members,
and others), the potential long-term course of recovery,
the possible life-long effects (often beginning at an ear-
lier stage of life), and the wide variety of types of brain
damage, clinical effects, and associated problems. Systems
of care for TBI involve coordination of numerous services
utilizing many disciplines across the range of severities
and course of recovery. These services include prevention;
emergency, acute, early, and later rehabilitation; voca-
tional, educational, and community support; and long-
term care. A number of marketplace factors constrain the
full development and availability of components of these
systems for persons in need, most notably cost, payer sup-
port, and availability of resources. These constraints
become progressively restrictive for services and supports
beyond the acute treatment period.

An understanding of brain injury, its clinical conse-
quences, associated problems and complications, and nat-
ural history of recovery helps in applying proper services
for patients along the continuum of care, and helps assure
more effective use of resources. Ongoing efforts at fruit-
ful research to determine which interventions are most
effective, for whom, and at what periods of time, will be
essential to refine the best clinical practices possible along
the continuum of care.
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George A. Zitnay

he ways that persons with disabilities

have been viewed by society have

changed significantly over the years,

due mainly to economic, cultural,

religious, and scientific influences. In most cultures, both
in ancient and in earlier modern times, persons with a dis-
ability were negatively valued. Wolf Wolfensburger (1972)
noted that historically persons with disability have been
viewed as deviant. In ancient Greece and Rome, among
Eskimos, and in Nazi Germany infanticide, abandonment,
and extermination have been practiced on those perceived
as deviant. Even in the United States, the U.S. Supreme
Court upheld the states’ right to sterilize persons with
mental disability. Chief Justice Holmes declared “It is bet-
ter for all the world, if instead of waiting to execute degen-
erate offspring for crime, or to let them starve for their
imbecility, society can prevent those who are manifestly
unfit from continuing their kind. [Three] generations of
imbeciles are enough.” Buck v. Bell, 274 U.S. 200 (1927).
Since earliest colonial times in America, persons with
disabilities have been treated as offensive and frightening.
Removal from society has been the way these individuals
have been dealt with. During the Industrial Revolution,
however, a degree of humanitarianism began to creep into
the mainstream views of society as the incidence of occu-
pational injuries increased. This was fueled by increasing
public awareness about the issues of child labor, poor
working conditions, and the large and growing number

Brain Injury Rehabilitation:
Past, Present, and Future?

of persons sustaining occupational injuries that left them
with permanent disability. During World War I, the pub-
lic concern over the large number of injured soldiers with-
out means of support spurred on the creation of federal
rehabilitation policies for military personnel.

Early pioneers in the emerging field of rehabilitation
included Thomas Hopkins Galludet, who brought man-
ual communication to Americans with speech and hear-
ing impairments; Louis Braille, who developed a touch
system for reading; Dorothea Dix, who championed the
creation of asylums (mental hospitals) so that mentally ill
persons would not be held in prisons; Edgar James Elms,
who founded Goodwill Industries; Fred Albee, who pro-
vided rehabilitation services at his Reconstruction Hos-
pital to return veterans with disabilities to useful civilian
life; and many others such as Harvey Wilbur, Samuel Gri-
dley Howe, and Jeremiah Milbank (1).

At the close of the nineteenth century, government
responsibility to those with disabilities began to emerge.
In 1910, the first workers compensation laws were passed
because of industrial injuries; the National Defense Act
of 1916 created the authority to assist soldiers in reen-
tering civilian life by providing training in agriculture or
mechanical arts (2). The Smith—-Hughes Act of 1917 pro-
vided states with federal funds, to create vocational
education programs, and the Soldiers Rehabilitation Act
of 1918 authorized the development of vocational reha-
bilitation to veterans with disabilities. Two years later,
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the Act was extended to civilians (2). It was during these
times that John Coulter, MD, established the first pro-
gram in physical medicine at Northwestern University
Medical School (1).

The next most significant public policy change
occurred as a result of the Depression. With millions of
Americans out of work, the Roosevelt Administration
enacted the Social Security Actin 1935. The Act addressed
the problems of unemployment, old age, poverty, and
blindness. It also made vocational rehabilitation a perma-
nent federal program (3).

World War II made a huge difference in the ways in
which Americans perceived persons with disability, but
also led to the formalization of physical medicine and
rehabilitation as a medical specialty. Dr. Howard Kessler
was a strong advocate of rehabilitation of veterans. He
introduced the concept of a comprehensive medical-
social-psychological-vocational approach to disability. It
was during this time that Howard Rush, MD, a colonel
in the U.S. Air Force, demonstrated the effectiveness of
physical medicine with injured pilots. After World War II,
when rehabilitation began to falter, Howard Kessler and
Howard Rush persisted. The result was that the Ameri-
can Medical Association created a specialty board on
physical medicine in 1944 (1).

The post-war expansion saw the growth of the fed-
eral government’s role in rehabilitation. The Vocational
Rehabilitation Amendments of 1954 forged a partnership
between public and private organizations, including a
federally assisted research program, and the training of
professionals to staff public and private rehabilitation
programs. The amendments authorized the construction
of rehabilitation facilities. During this time, Mary Switzer
served as the Federal Director of the Vocational Rehabil-
itation Department. She led the department until her
retirement in 1970 (4).

During the 1960s and 1970s, there was a shift in focus
from rehabilitation and disability program expansion to
disability rights. Independent living, the concept of nor-
malization, community-based rehabilitation, class action
suits, and personal advocacy grew into a movement (5).

Looking back on the history of rehabilitation, we see
the emergence of neurorehabilitation of persons with head
injury. Howard Rush began providing neurorehabilitation
to pilots injured in World War II, and he and Howard
Kessler included psychosocial and psychological services as
part of a comprehensive rehabilitation program. The early
treatment of head injuries was also influenced by the dis-
covery of new drugs. These psychopharmacological dis-
coveries included lithium in 1949, chlorpromazine in 1952,
the discovery of the antidepressant properties of iproniazid
and impramine in 1957 and the introduction of chlor-
diazeporide in 1960. Neuropsychiatry began to show inter-
est in patients with neurobehavioral problems following
head injury. It wasn’t until the 1970s, however, that what

is looked upon as the era of “head injury rehabilitation”
began.

Many efforts emerged to address the needs of per-
sons with disability. The Rehabilitation Act of 1973 (29
U.S.C. 780, et. seq.), which focused primarily on voca-
tional rehabilitation, also established the National Coun-
cil on Disability (NCD), an independent federal agency
with 15 members appointed by the president and con-
firmed by the Senate. The NCD later to recommend to
Congress that a civil rights law be enacted that was
specific to persons with disability.

The Vietnam War made its mark on the history of
disability rehabilitation as better medicine and the use of
medevac helicopters resulted in soldiers surviving injuries
they had not in earlier times.

One of the markers of the new era in brain injury
rehabilitation was the development of the Glasgow
Coma Scale and the Glasgow Outcome Scale by Graham
Teasdale and Bryan Jennett (Lancet, 1974, 1975). This
standardized method for assessing the severity of injury
and predicting long-term outcomes following traumatic
brain injury helped to make improvements in acute care
and pushed brain injury rehabilitation to the forefront.
Sheldon Berrol, Leonard Diller, and Yehuda Ben Yishay
were pioneers in innovative rehabilitation, treatment,
and organized research programs. This marked the
beginning of patients being referred to specialized brain
injury rehabilitation centers rather than being sent to
nursing homes (6). According to Mitchell Rosenthal, this
paradigm shift in care of persons with TBI occurred
between 1975 and 1997. Soon, for-profit rehabilitation
programs sprang up, and within five years (1980-1984)
the number of TBI rehabilitation programs grew from
approximately 10 to 500 (6). During this same time
period the continuum of care expanded substantially to
include day treatment, home programs, transitional liv-
ing, residential care, behavior management, life care
planning, vocational rehabilitation, independent living,
coma stimulation programs, and support groups. Neu-
ropsychological assessment, cognitive rehabilitation,
computers, and other electronic devices for memory,
attention, and organization were used in the treatment
of many of the sequelae of TBI.

In April 1980, Marilyn and Martin Spivak hosted
the first meeting of what was to become the National
Head Injury Foundation (NHIF) at their home in Mass-
achusetts. The purpose of the meeting was to discuss
forming an organization to serve people who had sur-
vived TBI. During that year, a Board of Directors was
selected and NHIF was incorporated as a not-for-profit
organization. The founding goals have relevance even to
this day. The goals of the NHIF were as follows:

* To stimulate public and professional awareness of
the problem of head injury—the silent epidemic.
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* To make the public aware of the nature and causes
of head injury and the necessary steps that need to
be taken to prevent them.

* To provide a central clearinghouse for information
and resources for individuals with head injury and
their families.

* To provide these individuals and their families with
necessary information and support during and after
crisis.

* To develop a support group network for both indi-
viduals with head injury and their families.

® To establish and promote specialized head injury
rehabilitation programs.

* To help educate healthcare professionals about the
unique needs of individuals with head injury.

* To advocate for increased research funding and
more appropriate care for individuals with brain
injury.

Later, in 1983 the goal of prevention was added.

It was during this time that the consumer movement
in TBI really took hold. The establishment of NHIF chap-
ters across the country helped to fuel this movement. The
NHIF moved from Massachusetts to Washington, DC, to
begin a new era of expansion. Soon the name was
changed to the Brain Injury Association (BIA). While BIA
was expanding into research and public policy, George A.
Zitnay and Martin B. Foil, Jr., founded a new interna-
tional organization in 1991. The International Brain
Injury Association (IBIA) rapidly grew with the support
of the World Health Organization (WHO). IBIA became
a leader in multidisciplinary and interdisciplinary train-
ing and treatment with the establishment of the World
Congress on Brain Injury, which has since been held in
Denmark, Spain, Canada, Italy, and Sweden.

During the 1980s, with the increasing interest by pro-
fessionals in brain injury rehabilitation, the American Con-
gress of Rehabilitation Medicine created the Head Injury
Interdisciplinary Special Interest Group (HI-ISIG). In the
late 1980s two journals, Brain Injury and the Journal of
Head Trauma Rebabilitation, began publishing, greatly
expanding the scientific literature in TBI (6).

The 1980s were a tumultuous time for brain injury
rehabilitation. In the early part of the decade, there was
a huge increase in the development of for-profit rehabil-
itation programs aimed at attracting the families of per-
sons with brain injury that had insurance, court settle-
ments, or the ability to pay. Glossy brochures were
published. Recruitment techniques included flying in
whole families by private jet to visit programs. Facilities
looked terrific. And executives were well paid. Some call
this the “golden age.” But others, particularly persons
with brain injury, called it a time of shame.

In 19835, standards of care for brain injury rehabili-
tation were adopted by the Commission on Accreditation

of Rehabilitation Facilities (CARF). These standards
resulted from the work of the HI-ISIG. A milestone in
brain injury rehabilitation was reached in 1987 when the
U.S. Department of Education’s National Institute on Dis-
ability and Rehabilitation Research funded five traumatic
brain injury model systems of care (Thomas, 1988).

The 1980s can now be classified as a period of
ups and downs, growth, investigation of fraud, decline,
and then re-emergence as the decade closed with a period
of downsizing, buyouts, closures, and finally settling into
a period during which insurance companies questioned
the value of rehabilitation and limited the amount and
time for rehabilitation services. Emphasis was placed on
home treatment, community-based rehabilitation, day
services, independent living, and advocacy. By 2003, addi-
tional federal funding had expanded the program to
include 16 participating sites throughout the United
States.

In 1990, the Americans with Disabilities Act (ADA)
was passed and signed into law by President George H.
Bush. The Act proclaims that participation in the main-
stream of daily life is the right of all Americans and calls
for accommodation in housing and public spaces. The
ADA was intended to foster independence and integra-
tion, affording persons with disability protection from
antidiscrimination.

As important as the ADA was for antidiscrimination
protection, however, it did not address many of the most
pressing needs of persons with brain injury, such as assis-
tance with access to appropriate care and rehabilitation.
The ADA acknowledges that it is not so much the dis-
ability per se that makes life difficult for a person with a
disability, but rather the way society responds to that dis-
ability. According to Justin Dart, the ADA seeks to change
the status of people with disabilities by expecting a more
enlightened attitude toward them. It rejects the long-
standing and outmoded view of people with disabilities
as being helpless and pitiful, and the primary role of the
government as a charitable one—to take care of them
through the provision of special programs and services.
The ADA asserts that people with disabilities are full cit-
izens who rightfully claim equal access and full partici-
pation, and that the role of government is to facilitate and
support such claims (9).

The primary requirement of the ADA is the prohi-
bition of discrimination. Antidiscrimination requirements
for people with disabilities may be considered to have two
central aspects: The first is that of not being treated in a
prejudicial manner because of an individual, and often
immutable, characteristic that has no bearing on the indi-
vidual’s skills or capabilities. The second requires paying
particular attention to the individual’s characteristics
(e.g., race, sex, age or religion) to use the interaction
between the individual and society to ameliorate or end
the limitation or exclusion to equal access (10).
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To focus greater attention on the wide spectrum of
needs specific to persons with brain injury, BIA, under the
direction of George A. Zitnay and with the help and sup-
port of Senator Edward Kennedy (D-MA), Senator Orrin
Hatch (R-UT) and Congressman Jim Greenwood (R-PA),
began work on writing the Traumatic Brain Injury (TBI)
Act. Persons with brain injury provided leadership and
input in the creation and passage of the TBI Act, includ-
ing Sherrie Watson, Jean Ann McLaughlin, Maureen
Campbell-Korves, Patsy Cannon, Gary Busey, and Mar-
vel Vena. The TBI Act was signed into law by President
Bill Clinton in 1996 (P.L. 104-166).

The TBI Act was the first federal law specifically for
persons with brain injury. The law specifically established
a federal grant program for states to create TBI Advisory
Boards, conduct planning and assess the needs assess-
ments of persons with TBI in order to improve access to
services. The law directed the Centers of Disease Con-
trol and Prevention (CDC) to perform incidence and
prevalence studies and establish educational and public
awareness programs. The Act also required the National
Institute of Child Health and Human Development of the
federal National Institutes of Health to hold a consensus
conference on the rehabilitation of persons with TBI. In
1998, an international panel of experts convened a con-
ference, reaching a consensus that more research was
needed on TBI rehabilitation.

The reauthorization of the TBI Act in 2000 (P.L.
106-310), included an expansion of the CDC’s work with
state registries to collect information that would help
improve service delivery, expand incidence and preva-
lence studies to include persons of all ages as well as those
in institutional settings and efforts to capture data on
mild TBI. The new law also directed states to enhance
“community-based service delivery systems that include
timely access to comprehensive appropriate services and
supports” as well as additional funding for the national
Protection and Advocacy Systems to provide legal
resources specifically for persons with TBIL,

In 1999, the U.S. Supreme Court decision in Olm-
stead v. L.C. (527 U.S. 581), made a significant contribu-
tion to the movement toward community-based services.
The court found that states are obligated under the ADA
to provide appropriate settings for persons with disabili-
ties in the “least restrictive environment.” The court also
found it to be discriminatory on the basis of disability for
the state of Georgia to disallow the plaintiffs (persons with
disabilities) to live in state-funded assisted living rather
than the mental institution.

By the early part of the twenty-first century, various
federal agencies were involved in brain injury research.
The breadth of the federal government’s commitment to
furthering the science of TBI incidence and to improving
rehabilitation increased. Federal efforts spanned from

prevention through education under the CDC, to bio-
mechanics research funded by the U.S. Department of
Transportation, to battlefield studies and helmet studies
by the U.S. Department of Defense, to 6 bench science
research centers funded by the National Institute on Neu-
rological Disorders and Stroke at NIH, to a Cooperative
Multi Clinical Trials network of 8 sites funded by the
National Center on Medical Rehabilitation Research at
NIH, and 16 TBI Model Systems of Care funded by the
U.S. Department of Education’s National Institute on
Disability Rehabilitation Research.

Finally, the late 1990s and early 2000s have come to
be seen as a period of cost reduction, accountability, man-
aged care, and the closing or merging of many programs
in TBI rehabilitation. Length of stay, payment, and reim-
bursement have become real problems. While states have
sought reimbursement solutions through waivers in the
federal-state Medicaid program, the Medicare pro-
gram—as the largest health insurer in the nation—has not
kept up with medical advances and civil rights and expec-
tations for recovery in its reimbursements to hospitals,
nursing homes, and particularly specialized brain injury
facilities.

The move toward empowering persons with dis-
abilities has led to greater expectations for quality of life
and consequently, greater efforts at finding innovative
rehabilitation techniques and programs. This, combined
with a better understanding of how the brain can heal,
has helped shape the evolution of TBI rehabilitation.

Outcomes, evidence-based practice guidelines
for management of acute care, penetrating head injury,
and neurobehavioral sequelae of TBI have been devel-
oped by the Neurotrauma Foundation (NTF) and the
National Brain Injury Research, Treatment, and Train-
ing Foundation (NBIRTT). This is in response to the
need for accountability and improvement in quality of
life. Currently an international group of rehabilitation
specialists under the leadership of NBIRTT is working
to create a new assessment tool to measure quality of
life for persons with TBI. The QOLIBRI is currently
being field-tested and will soon be available for wide-
spread distribution.

To close this historical chapter, it is important to
mention that research into new pharmacological agents,
stem cells, and proteomics offer new hope for improving
outcomes in rehabilitation.

What is the future of rehabilitation? Traditionally,
rehabilitation has been a reactive rather than proactive
profession. Rehabilitation education and similar activi-
ties have been based on past experience, often with little
thought given to future needs. There is agreement in reha-
bilitation that several issues will profoundly affect the
future. Those issues include changes in the nature of work
in the United States; growing diversity in the workforce;



BRAIN INJURY REHABILITATION: PAST, PRESENT, AND FUTURE?

changes in the nature of disability; advances in rehabili-
tation and medical technology; and alterations in the

nature of strategies of service delivery.

Constant changes in rehabilitation can be predicted
with certainty. History suggests that rehabilitation
practitioners, especially those working in brain injury,
will continue to face budget cutbacks, resulting in
staffing shortages, growing caseloads and changes in
the structure and function of the rehabilitation system.
To respond, the field must become proactive. This will
involve networking with other rehabilitation profes-
sionals, facilities, agencies and consumers. There is and
will continue to be a need to deliver efficient and effec-
tive rehabilitation services that can be measured and
evaluated. Finally, we must continue to provide for
continuous learning and education of professionals,
consumers and policy makers.” (14)
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INTRODUCTION

Craniocerebral trauma has been linked historically with
assault and war. Treatment of craniocerebral injuries by
trephination was first described in the Edwin Smith surgi-
cal papyrus and by Hippocratic physicians. Some patients
actually survived the trauma of the trephination, but most
died. Over the years, the concept of cerebral compression
by hemorrhage, originally described by Arabian physicians,
gained recognition and eventually led to recognition of the
need for decompression. Cushing (1) used meticulous
debridement of penetrating brain injuries, which reduced
mortality by 50 percent and resulted in a normal life
expectancy for survivors. The introduction of antimicro-
bial and antibiotic agents, and the recognition that rapid
intervention by trained neurosurgeons immensely decreased
mortality from penetrating craniocerebral trauma, have
both resulted in higher survival rates for patients.

Changes in lifestyle during the last century, espe-
cially the introduction of automobiles, became a major
source for craniocerebral trauma. In motor vehicle acci-
dents (MVA), brain injury is the cause of death in over
70 percent of fatal cases (2).

THE MODERN ERA OF TBI REHABILITATION

Interest in traumatic brain injury (TBI) has risen greatly
since World War II. The number of publications devoted

International Perspectives
on TBI Rehabilitation

to what was then called “craniocerebral trauma” saw a
threefold increase in the years 1956-1966 (3) and the topic
has attracted increasing attention in national and interna-
tional neurology and neurological surgery conferences. In
the United States, the National Institute of Neurological
Diseases and Blindness first designated craniocerebral
trauma as a major topic of interest in October 1964. This
paved the way for one of the first comprehensive confer-
ences for the study of craniocerebral trauma that took
place at the University of Chicago in 1966. The planning
committee of that conference, chaired by Dr. Caveness,
included neurosurgeons, neurologists, physiologists, and
engineers, but no psychologists or physicians working in
rehabilitation.

The translation from Russian into English of the
works of A.K. Luria, Human Brain and Psychological
Processes published in 1966 (4) and The Working Brain,
first published in 1973, (5) led to rapid development of the
field of neuropsychology, which plays a key role in the
assessment and treatment of TBI patients today. In the last
20 years, TBI has become the accepted term for traumatic
brain damage, and terms such as “craniocerebral trauma,”
used above, have disappeared altogether from the recent
literature.

In the last 150 years, the structure/function rela-
tionship has provided one of the most intriguing research
topics in the neurosciences. The localistic theories that
emerged from the early studies of Broca and Wernicke in
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the nineteenth century were replaced in the 1930s by the
holistic theory. Brain function and organization remained
at center of interest, and in recent years current theories
stress the dynamic aspects of brain function at the expense
of the localistic or holistic approaches. The crucial role of
the prefrontal cortex in human behavior has since gained
increased recognition in modern neuropsychology. His-
torical illustrative case reports such as the case of Phineas
Gage (first described in 1842) have became common
knowledge (6).

Digital diagnostic brain imaging techniques intro-
duced in the early 1970s in the form of computed tomog-
raphy (CT), followed by magnetic resonance imaging
(MRI), and in recent years by fMRI, PET, and SPECT have
further promoted interest and research in the structure/
function relationship following brain damage.

Tools developed in the field of neuropsychology have
enabled a better assessment of cognitive deficits follow-
ing TBI, which in turn has promoted various intervention
processes designed to remedy the patients’ cognitive
deficits. It has become clear that the recovery processes
may take longer than initially thought.

The drive to rehabilitate war veterans, probably dri-
ven by the feelings of guilt held by societies, exerted a pro-
found effect on the rehabilitation of TBI patients. The basics
of TBI rehabilitation were laid down in post=World War I
Germany by K. Goldstein, who designed a center that
included—in addition to the hospital—a psychology
laboratory, a school, and later a vocational rehabilitation
center, all for the purpose of providing comprehensive treat-
ment (7). Goldstein evidently regarded the assessment of
residual work potential and the prediction of vocational
outcome as parts of the rehabilitation process (7). This type
of rehabilitation approach was abolished altogether in
1933 after the Nazi takeover, especially because most of the
leading physicians in these centers were Jewish. Goldstein
himself left for the United States but did not pursue this line
of work, described in his book After-Effects of Brain
Injuries in War, which was published in 1942 (7). On the
one hand, the state of rehabilitation in the United States at
that time, and on the other hand the fact that Goldstein’s
main interest was aphasia and related disorders, created an
atmosphere that hindered further progress along the orig-
inal lines traced by Goldstein. It is noteworthy that the role
of memory and attentional deficits as key sequelae influ-
encing outcome following TBI became evident in the years
after World War II.

It took almost 40 years for similar ideas regarding
TBI rehabilitation to emerge, again because of war. The
“Six-Day War” in 1967 and more so the “Yom Kippur
War” in 1973 created the need and played the decisive
role in the establishment, in December 1973, of the spe-
cial medical unit devoted to TBI rehabilitation at the
Loewenstein Rehabilitation Hospital (LRH) in Israel (8).
TBI patients had been treated at LRH since the early

1960s. But it is worth noting that many of these patients
were at that time still referred to mental hospitals because
of severe behavioral deficits that may have dominated
their condition.

The comprehensive model of treatment developed
at LRH can be described as “Coma to Community”
(Figure 3-1). It is a model of treatment that can be adopted
easily by other countries. As a small country, Israel enjoys
certain advantages in this respect because one center,
located at the geographical center of the country, can serve
the entire population. Patients with TBI had been admit-
ted to LRH since the early 1960s, so it was a natural choice
as the national center for TBI rehabilitation after the Yom
Kippur War. After the war, patients with severe TBI from
the civilian population, as well as victims of motor vehicle
accidents (MVA) and work accidents, were referred almost
exclusively to LRH. TBI patients in Israel have almost uni-
versal access to in-patient rehabilitation services. Victims
of road accidents are almost always insured, while work
accidents and other minor causes of TBI are covered by
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the “sick funds.” The establishment of a large rehabilita-
tion center that serves almost all severe TBI patients in Israel
has enabled the creation of a critical mass of knowledge
regarding treatment and outcome, which was of utmost
importance in the early years of modern TBI rehabilitation,
before the existence of specialty conferences and journals
devoted to this subject.

The LRH “Coma to Community” system provides
inpatient rehabilitation facilities for about 220 severe TBI
patients a year. The fact that patients are treated in a
rehabilitation setting from an early stage has a beneficial
effect on outcome (9-11). The out-patient program at
LRH ensures continuity of care and prevents misunder-
standings that often happen when patients change their
place of treatment. The LRH experience suggests that
large regional rehabilitation centers for TBI rehabilitation
can provide a continuum of care that meets the changing
needs of patients and is effective for both patients and
healthcare providers. This model helps contain cost while
building and maintaining trust with patients and health-
care providers alike.

Conferences

In the early 1970s, increasing interest in TBI rehabilita-
tion encouraged an international exchange of ideas on
this topic, especially because few books or journals were
devoted to the subject at that time. The Glasgow Coma
Scale (GCS), first published in 1974 by Teasdale and Jen-
nett, exerted a strong influence on research of the effects
following TBI by providing a reliable score that could be
used to judge the initial severity of injury (12). This made
it possible to recruit large numbers of patients for out-
come studies, sometimes from several centers, and to
compare various methods of treatment (13-135).

Several meetings on TBI research had been organized
in the 1960s in the United States, but the first meeting in
Europe regarding TBI rehabilitation was organized by Prof.
O.Ho6k in Oslo in 1974. Some conferences became annual
meetings such as the Williamsburg Annual Meeting and the
Braintree Annual Traumatic Head injury Conference. The
IX World Congress of Rehabilitation International took
place in Israel in 1976. As a result of the involvement of the
Loewenstein Rehabilitation Hospital staff, the local scien-
tific committee included in the program a workshop on
patients with brain injury. Since then, TBI rehabilitation has
become a regular part of most, if not all, international con-
ferences in rehabilitation medicine.

The foundation by Henry H. Stonnington of the
International Association for the Study of Traumatic
Brain Injury (IASTBI) spearheaded both research and
collegial interchange among the international brain injury
community. Subsequently, George Zitnay founded the
International Brain Injury Association (IBIA). Due to
the efforts of Nathan Zasler, Henry Stonnington, and

George Zitnay, these two organizations eventually
merged, initially with IBIA becoming the scientific arm of
IBIA. Over time, the IASTBI was simply folded into the
IBIA organization, and its members were fully integrated
within the latter organization. The IBIA continues to spon-
sor and plan a biannual international conference devoted
to TBI. At these international meetings, experts as well as
newcomers to the field meet each other, exchange formal
and informal information, and help in the dissemination
of information for the benefit of patients with TBI. In
countries like the United States, it is not uncommon to
have state TBI conferences performing similar functions,
but on a smaller, local scale.

Journals

Research regarding TBI developed along two main lines.
The first and more established line dealt with the acute
phase. This was pursued primarily by neurosurgeons car-
ing for patients in the early phase. These researchers
already had established journals where they could pub-
lish their findings. Long-term care, which developed
rapidly after the 1970s, posed different questions and
research problems. Some peer reviewers described these
problems as being of “limited interest,” as described in
editorial letters rejecting research findings and manu-
scripts regarding late sequelae of TBI. This situation led
to the creation of special-interest groups such as TASTBI
and IBIA, and also to the foundation of journals devoted
entirely to TBI studies, such as Brain Injury and The
Journal of Head Trauma Rebabilitation.

Recognition that the number of TBI patients in the
community was growing and that rehabilitation tech-
niques could improve a patient’s condition beyond the
course of natural recovery, helped to get data regarding
TBI published in more general journals in medicine and
neurology. In the Editorial of the first issue of Brain Injury,
in 1987, McKinlay and Pentland wrote: “It is a com-
monplace that 15 or 20 years ago there was little interest
in head injury, and only a small literature addressing the
acute and long-term problems it presents. Nowadays there
is an extensive literature ranging through epidemiology,
pathophysiology, acute management, and rehabilitation,
and Brain Injury is an expression of that greatly increased
interest” (16). Other journals that take an interest in TBI,
to mention but a few, are the Journal of Neurotrauma,
NeuroRehabilitation, Neurorehabilitation & Neural
Repair, and Neuropsychological Rebabilitation. The num-
ber of citations relevant to traumatic brain injury between
the years 1988 and 1998 was 2563 (17).

Organizations

The increased interest in TBI, the growing number of peo-
ple working in the field, and the belief that patients with
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TBI present problems that are not well understood or
treated by the general medical community, have created
a genuine need for a “meeting place” for those involved
in clinical care of these individuals. Professionals from
various countries were involved in the foundation of
TASTBI in the mid-1980s. As previously noted, an impor-
tant role was played by the staff of the Department of
Physical Medicine and Rehabilitation, Medical College
of Virginia Hospital, Virginia Commonwealth University,
from Richmond VA, headed by Henry H. Stonnington,
who acted as the first chairperson of IASTBI and was also
the first Editor-in-Chief of Brain Injury from 1987 to
2000. Subsequently, Jeffrey Kreutzer and Nathan Zasler
were named co-editors of this journal.

TBI Support Groups

The Rationale for Support Groups for Post-TBI Patients
The growing interest in TBI in the medical community, the
increased number of patients surviving the acute phase, and
the understanding that severe TBI patients need treatment
and support far beyond the first few months post-injury,
have created a need for information resources. McMordie
et al. found that many patients and their families indicated
that inadequate information was provided regarding
important consequences of TBI such as aftercare, referral
resources, and prognosis (18). Areas of greatest informa-
tional deficit included post-hospitalization resources and
expectations for outcome. Clergy proved to be by far more
helpful in these respects to both patients and families than
physiatrists (18).

Starting in the late 1970s and continuing into the
early 1980s, the lack of resources for useful information
such as books and journals, and the inadequate answers
provided by the medical community, led to the founda-
tion of support groups (SG) of patients for persons with
TBI, as well as their families. These support groups were
started initially by professionals treating such patients and
by families of persons with TBI. The goals of such groups
were to increase public awareness of the long-term impact
of TBI on patients and their families, to stimulate the
development of supportive services in the community, and
to supply information regarding TBI (19). Peer support
has been shown to be a promising approach to enhanc-
ing the coping skills of individual TBI patients and their
families (20). Moreover, the impact of the cultural gap
and feelings of stigma and social isolation have been
shown to be universally experienced by TBI patients (21).
Attentiveness, friendliness, and guidance on the part of
the rehabilitation staff have been shown to have a signif-
icant positive impact on the well-being of TBI patients.
Family conflicts have commonly deprived patients of
familial support (21). A study of Hispanic TBI survivors
demonstrated the importance of linguistic and ethnic fac-
tors in the implementation of support groups (22).

In many instances, regardless of the severity of TBI,
the lives of the injured and their families are changed for-
ever. These changes can produce a “catastrophic reaction.”
(11) The impact is often devastating both emotionally and
financially. Support groups can be helpful by providing
useful information that in many instances may otherwise
be gained only by personal experience. This is one reason
that individuals trust SGs. Information about the long-
term effects of the injury, about available facilities, services,
and programs specializing in patients with TBI are shared
by these groups. This in turn has led to the establishment
of national societies. The SGs are a social reference group,
exerting a positive impact on the self-esteem of both TBI
patients and their caregivers. The national groups, first in
the United States and then in other countries (especially
in Western countries), have been able to promote changes
that acknowledge the long-term medical and social needs
of this special patient population.

The sociopolitical atmosphere following the Vietnam
War and the growing awareness regarding both individual
and patient rights laid the groundwork for the necessary
changes, especially because wounded war veterans and
patients with TBI were generally young and had almost
normal life expectancies. Understanding that these victims
needed care for life helped to promote public awareness of
their needs. The fact that most patients with severe TBI had
some financial support from insurance companies attracted
various organizations (both for and not for profit) to start
TBI rehabilitation programs, which resulted in greater
availability of such programs in the United States. Almost
700 such programs existed at one time in this country. But
in light of the comprehensive “Coma to Community” treat-
ment model set at LRH in Israel, it soon became clear that
many of these programs were not able to bring together the
critical mass of knowledge and experience needed to pro-
vide the long-term (at times life-long) integrative thera-
peutic milieu needed by TBI patients, and many of these
programs survived for only relatively short periods of time.

With the development of electronic means of com-
munication, opportunities for sharing and disseminating
information have increased dramatically. Numerous web-
sites can be found today that are operated by TBI SGs,
and others contain a variety of sources of information
regarding various aspects of TBI. Today, the Internet plays
a key role in distributing information. Entering “TBI” in
any search engine returns a large number of these sites.
SGs are highly developed in the United States, Canada,
and the United Kingdom

Support groups quickly understood the lack of pub-
lic awareness regarding the long-term impact of acquired
TBI on individuals, their families, and the community as
a whole. This led to consolidation of local SGs into
national organizations that are able to exert greater polit-
ical influence on legislation, healthcare providers such as
HMOs, and the insurance industry.
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Structure of Brain Injury Support Groups Support
groups can be nonprofit or for-profit organizations. Large
state or national SGs often consist of local SGs. A TBI
SG can be organized in different ways, depending on the
objectives and composition of its board of directors.
Directors may be appointed by the families, by healthcare
providers (such as rehabilitation centers and organiza-
tions), or by interested parties such as attorneys’ offices.
In many cases, SGs are composed of all these various
sources.

A successful model seems to be one in which all three
elements combine into a well-coordinated group in which
professionals in TBI rehabilitation (occupational, physical,
therapeutic recreational, and speech therapists; vocational
counselors; physicians; nurses; and family therapists) take
an active role. The activities of individual SGs differ, but
they all provide information about post-hospitalization
community resources for further individual and family
treatment and about vocational and recreational oppor-
tunities. Some of these groups have extended their goals
and are involved in programs aimed at the prevention of
TBI, reducing its overall incidence. TBI survivors are
involved in many educational activities of the SGs, in many
instances as part of their own rehabilitation program.

Long-term care for caregivers Long-term cognitive and
especially behavioral changes affect not only the lives of
TBI patients but also the lives of those living close to
them, most notably that of the caregivers (23). Studies
have shown that in many cases anxiety and dissatisfac-
tion at five years post-injury are far more severe than
at about three months or one year (24-26). With time,
caregivers may need more support than in the early phase,
which is often disregarded or neglected by the health
providers who focus mainly on treating the patient. TBI
programs, however, need to assign a professional staff to
provide empathetic and functional help to the patient’s
caregivers (27). Because this type of intervention can be
done for relatively short periods of time, voluntary orga-
nizations such as TBI SGs play a key role in providing this
service in the later stages of treatment.

Some SGs provide newsletters treating such important
subjects as social cognition, learning, and role-modeling
processes. Others provide hotlines such as the Head Injury
Hotline, which is a nonprofit clearinghouse that was
founded by and has been operated by head injury activists
since 1985, (28) with a team of consultants that includes
individuals with TBI, family members, learning specialists,
nurses, paraprofessionals, lawyers, neuropsychologists,
and physicians specializing in emergency medicine and
neurology. They offer consultations, research assistance,
case management services, legal services, and in-service
training. Their clientele consists of individuals with brain
injuries and their families, U.S. government officials,
agency heads, educators, medical and legal professionals,

and social workers. The activities of these groups include
multiple and various aspects of TBI and are open to any-
one interested.

Some SGs were organized by academic institutions
such as Radford University’s Waldron College in south-
west Virginia, enabling students to take an active role in
some of the programs (29). Some SGs have established
Clubhouses for survivors of TBI to serve as a bridge
between the past and a healing future. For example, the
nonprofit program operated by the Long Island Head
Injury Association, Inc. (30) provides a place for survivors
to participate in meaningful work, and an opportunity
to meet and build friendships and ultimately seek gain-
ful employment within the community. Another exam-
ple is the Jodi House, aimed at providing opportunities
for each person to discover new paths to regain auton-
omy and purposefulness within their community (31).

Virtual support has also been developing in the last
years. Examples of such activity can be found at the web-
site of the TBI chat room (www.tbichat.org) which had
an impressive increase of its use from 135,552 visits in
1998 to 554,244 in 2002. Such SGs help those who
would enjoy attending SG meetings but are unable to do
so because of problems of transportation or distance. A
TBI survivor can contact the chat page 24 hours a day,
participate in the general chat room, or enter one of sev-
eral specialized chat rooms such as TBI in children. A chat
room has been designed for children with TBI who are
under age 17 years, as well as, their care providers and
family members (32).

Today the Internet plays a key role in distributing
information about resources regarding TBI rehabilitation.
SGs have developed as a result of the understanding that
patients and their caregivers require prolonged care,
beyond what the health care systems and insurance can
provide because of financial and knowledge barriers.
Unfortunately, these groups are well developed and active
only in countries in which rehabilitation medicine has
become part and parcel of the routine medical service. It
is hoped that other countries will soon recognize the spe-
cial needs of TBI patients and provide for them. SGs can
be instructive in bringing about this much needed change.

CONCLUDING REMARKS

The understanding and treatment of patients with trau-
matic brain injury has changed greatly in the last 35 years.
As more patients survive the very acute phase and are
referred to rehabilitation, the demand for rehabilitation
services has been on the rise. Furthermore, recognition that
these patients may need treatment and support for the rest
of their lives increases the demand for rehabilitation ser-
vices all over the world. Rational use of resources is a must,
and the rapid dissemination of “how-to-do” information
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can promote the creation and improvement of TBI reha-
bilitation services for these individuals and their families,
as well as society at large.

The established SGs and the national and interna-
tional societies devoted to research and treatment of TBI,
mostly active in Western countries, should become a
source of inspiration for expanding services to these
patients elsewhere in the world. Rehabilitation medicine
is still one of the branches of medicine to which only a
fraction of the people who need it have access. TBI reha-
bilitation, being more complex and expensive due to the
large team needed for comprehensive treatment explains
why in many countries these services are in their infancy.
Today “how-to” data is becoming increasingly available,
but communities and countries have to consider a differ-
ent allocation of resources to properly implement TBI
rehabilitation programs including prevention. Established
TBI rehabilitation services are also under considerable
financial pressure, which can promote research into more
cost-effective prevention as well as treatment solutions.
International cooperation in research will be essential in
the coming years to achieve an evidence-based founda-
tion for the practice of TBI rehabilitation. Ultimately our
goal should be to provide cost-effective treatment that
improves outcome, as well as, quality of life.
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Training and Certification
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BACKGROUND

An increasing number of individuals have survived trau-
matic brain injury (TBI) as a result of advances in medical
technology, emergency medical procedures, and neuro-
surgical techniques (1-3). An estimated 5.3 million Amer-
icans currently live with disabilities resulting from brain
injury. This means that over 2 percent of the American
population is living with disabilities caused by TBI (4).
Estimates indicate that one million people are treated for
head injuries and released from hospitals across the coun-
try each year, resulting in 80,000 people experiencing long-
term disabilities. TBI is one of the most common childhood
injuries (5).

TBI can significantly affect many physical, cognitive,
and psychological processes, significantly disrupting the
lives of individuals who experience such injuries. Survivors
and their families require varying degrees of support along
a continuum of disability. Early needs are usually met
within the emergency department and/or acute care hos-
pitalization, followed by acute rehabilitation. Medical and
health professionals are the primary providers of service,
interacting daily with patient and their families. Rehabil-
itation services are multidisciplinary, and the goals of care
and service are restorative. Specialized programs and
providers are sought to deliver quality care. Subacute and
longer-term post-acute care needs may be very high, and
may not always require health professionals. The services

Persons Sustaining TBI

often are provided by different agencies and multiple
health professionals, making coordination and continuity
of services difficult. Post-acute care often focuses on behav-
ioral plans, daily structure, and developing creative typi-
cal tasks. Support aides require communication skills and
at least a knowledge base of behavior modification. With
an increasing numbers of survivors, there is a greater need
for trained and experienced providers for the acute
through post-acute continuum.

Families are usually unprepared for their family
member’s injury, hospital course, and long-term rehabili-
tation. Changes in the family member are difficult to
understand and difficult to deal with, despite educational
efforts through rehabilitation programs. Often, these
changes have a negative impact on families who then often
become the primary caregivers after discharge from the
hospital or acute rehabilitation programs (6, 7). Family
caregivers of persons with brain injuries report high lev-
els of depression and difficulties coping with the sequelae
of brain injury (8-10). Family members are particularly
challenged by the altered personalities and behavior
changes exhibited by their loved ones (11).

Families may have to adjust their employment and
social schedules in order to provide the level of care nec-
essary for their family member with TBI. This may lead
to feelings of social isolation, financial burden, and
increased levels of stress. Employers, friends, and even
family members may not believe that the individual has

27
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sustained a disability, thereby undermining the support
necessary to assist him or her in adapting to life with a
disability (2). Return to work and other previously held
social roles might not be possible following injury,
contributing to further disruption and stress within the
family. Osberg and colleagues (12) suggest that with the
necessary systems of support, family members can avoid
some of the psychosocial problems that arise from car-
ing for a family member with TBI.

Clinical practice, programs, and research in trau-
matic brain injury medicine have grown significantly over
the past 35 years. Persons with TBI and their families,
however, have reported the service system is “unorga-
nized, uneducated, unresponsive, and uncaring.” (13)
A parent of a child with brain injury writes, “Another
area of concern is the insufficient numbers of caregivers
with training in ways brain injury differs from other neu-
rologically impairing conditions. . . . Until caregivers bet-
ter understand the cognitive and behavioral changes and
learn more effective methods of dealing with deficits
resulting form injury to the brain, we’ll still be where we
are today” (14). On a national and more general level, the
Institute of Medicine (IOM) report, “To Err Is Human:
Building a Safer Health System,” notes the importance
of communication among multiple providers and the need
for standards for training and certification especially
regarding safety and prevention of medical errors. At pre-
sent, however, there exists no formal training or certifi-
cation for medical health care providers within the field
of brain injury medicine. Only recently has there been
certification of brain injury care providers, those provid-
ing post-acute care within the community.

This chapter will review the state of the field regard-
ing accreditation for programs, as well as training and
certification of health care professionals and paraprofes-
sionals providing front-line care and support in the
community.

PROGRAM REVIEW AND ACCREDITATION

An initial attempt at standardizing rehabilitation care and
assuring quality care was program evaluation and accred-
itation through the Commission on Accreditation of Reha-
bilitation Facilities (CARF). CARF was established in 1966
to ensure quality services for persons with disabilities and
others receiving rehabilitation services. Improved safety,
value, and quality of care of persons receiving services are
a part of their mission. It is an international nonprofit
accrediting body that accredits providers for specific ser-
vices (e.g. behavioral health, employment and community
services, medical rehabilitation). CARF standards are
developed through leadership panels, advisory committees,
focus groups, and field reviews. Persons served are also
involved in the development of CARF standards.

The standards for brain injury programs were first
offered in 1985, focusing on inpatient rehabilitation pro-
grams. Outpatient programs standards for accreditation
were obtainable in 1988. Presently, there are standards for
a variety of brain injury program services, beginning with
inpatient rehabilitation at multiple levels and transition-
ing to residential and /or vocational services. CARF accred-
ited programs serving persons who have sustained brain
injury include over 100 inpatient rehabilitation programs,
about 140 outpatient programs, more than 300 residen-
tial programs, almost 50 community services programs,
and more than 70 vocational programs. Standards cover
adult programs and programs for children and youth.

CAREF has been responsive to the changing service
needs over the last 25 years. As new services developed
in the field, the Board of Directors has supported devel-
opment of new standards. Standards are reviewed and
updated on a routine basis. Program standards specifi-
cally for brain injury programs have provided some sem-
blance of consistency for certain program elements, and
are an initial step in assuring high quality care for persons
who have sustained brain injuries.

MEDICAL AND HEALTH PROFESSIONAL
CARE PROVIDERS

Brain injury rehabilitation has been provided for over 35
years in the United States, initially as a part of a larger reha-
bilitation program, and, increasingly since about the
19807, as dedicated programs. Service provision has
moved beyond hospitals and clinics, and into residences
and communities. Advancements of medical science and
vast improvements in medical and surgical care have pre-
saged the growth of knowledge and practice. Patients often
require the services of an interdisciplinary treatment team
consisting of physicians, physical therapists, occupational
therapists, speech language pathologists, rehabilitation
counselors, psychologists, and social workers among other
professional and paraprofessional staff. Interdisciplinary
rehabilitation team members are typically guided by a set
of standards of ethical practice for their particular profes-
sions (15). Physicians and health care professionals have
risen to the challenge to provide high quality care, although
subspecialization within disciplines has been acknowl-
edged by acclamation and not certification.

Health professionals require standard training and
licensure. Requirements of education and training regard-
ing traumatic brain injury within each discipline now exist,
although implementation may be uneven. Health profes-
sionals often gain experience by sharing information
through team interactions, mentorship, or courses. Train-
ing and licensure for professionals does not require
specialization in the care of persons who have sustained
brain injury. There are no certification programs for



TRAINING AND CERTIFICATION OF CARE PROVIDERS FOR PERSONS SUSTAINING TBI 29

specialization in the care of persons with brain injuries.
Most disciplines do not have certification, but rather spe-
cial interest groups in professional organizations (e.g.
speech and language pathology). And where there may be
special certification or plans for certification (e.g. physi-
cal therapy, psychology, occupational therapy), it is not
specific to brain injury medicine or rehabilitation, but to
a more general rehabilitation or components of a TBI
service need.

The need for training and certification has been rec-
ognized increasingly nationally and internationally
(16-19). The need to protect the public has been high-
lighted through the IOM report. The American Board of
Medical Specialties (ABMS) has acknowledged this
responsibility, and subsequently enacted implementation
requirements of each member Board. These require pro-
grams of Maintenance of Certification within all repre-
sented specialties, and that subspecialty certification be
reviewed through a vetted process.

There is a trend to formalize physician training in
the management of persons who sustain brain injury.
Physical Medicine & Rehabilitation (PM&R) residency
programs developed formal training in Brain Injury Med-
icine during the 1980s and 1990s. A questionnaire survey
report of PM&R residents and program directors con-
ducted in 1991 concluded that two-thirds of programs
either offer a formal rotation or require residents to par-
ticipate in a clinical rotation in brain injury medicine (20).
The findings of this and other surveys supported a need
for more training in brain injury medicine for residents,
including additional training sites across the continuum
of care (19, 20). Bell and Massagli (19) reported that
PM&R residents endorsed the position that a rotation
in a skilled nursing unit providing services for individu-
als with brain injury offered unique clinical experiences.
Currently, all PM&R residents must have formal train-
ing and competency in brain injury medicine, which is
mandated through the Accreditation Council on Gradu-
ate Medical Education (ACGME) program requirements.
Basic requirements for certification in PM&R include suc-
cessful completion of an ACGME approved residency in
addition to passing written and oral American Board of
Physical Medicine & Rehabilitation (ABPMR) examina-
tions. Because PM&R training and examinations require
substantive coverage of brain injury medicine, certifica-
tion in PM&R conveys a basic competence in brain injury
medicine (BIM).

Beyond basic competency, there also exist formal
(but not ACGME approved) Brain Injury Medicine Fel-
lowships in PM&R. These fellowships and advanced clin-
ical experience at academic and brain injury treatment
centers provide the underpinnings for further expertise in
BIM. The Brain Injury Special Interest Group (BISIG) of
the American Academy of Physical Medicine & Rehabil-
itation (AAPM&R) supports these efforts. The BISIG

organized the development and writing of curricular
materials for brain injury medicine fellowship programs.
This material has been utilized by fellowship training pro-
gram directors and mentors to provide structure and
didactic content to fellowship training programs in exis-
tence or under development. The document has been
updated, most recently in 2003.

Beyond PM&R, a number of other specialties engage
in elements of brain injury medicine. Foremost among these
are neurology and neurosurgery. These programs are most
frequently focused on the immediate acute issues or subse-
quent co-morbidities (e.g. seizures, increased intracranial
pressure). The clinical experience in post acute brain injury
medicine is not required. Although some programs support
this experience, the focus and intensity is widely variable.
In general, the route to significant clinical participation in
post acute Brain Injury Medicine is through fellowships, a
limited number of which exist. These fellowships are not
ACGME approved, nor is training sanctioned by their spe-
cialty Boards. Post residency training for neurologists is
available in a number of fellowships providing clinical
management and diagnostic experience across a variety of
neurological diagnoses along with the associated therapy
interventions.

None of the aforementioned fellowship programs
are accredited through ACGME and there is no formal
subspecialty certification in Brain Injury Medicine
through ABMS. Therefore physicians who have com-
pleted the additional year of study are not formally cer-
tified by any ABMS Board.

The American Board of Physical Medicine and
Rehabilitation is developing a Brain Injury Medicine sub-
specialty proposal for ABMS approval. The rationale for
establishing this subspecialization is:

* To provide core competency standards of training
for the evaluation and treatment of patients with
brain injuries;

* To provide a high level of care for patients with
acquired brain injury and their families in hospital
and outpatient settings, and over the continuum of
the process of recovery;

* To provide physicians with brain injury medicine
administrative skills for activities such as program
development, quality assurance, facilities planning,
standards-setting;

* To promote and strengthen research for the advance-
ment of the clinical science of brain injury medicine,
including prevention, treatment, and restoration of
function and outcomes research;

* Toincrease the number of expert clinicians, teachers,
and investigators dedicated to the care of survivors
of brain injury.

* To recognize physicians who have successfully com-
pleted additional training in brain injury medicine
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programs beyond the primary residency training
education in physiatry or neurology.

e To improve education in brain injury medicine for
residents in physiatry and neurology, residents in
other training programs, medical students, practic-
ing physicians, and other medical personnel.

* To generate academic interest in the physiatric and
neurological professional societies.

The formal process requires discussion and vetting
through ABMS. The intention of ABPMR is to have an
inclusive process with an opportunity for all physicians
practicing Brain Injury Medicine to have access to the cer-
tification process.

There are many disciplines involved in the ongoing
care, medical management, and rehabilitation of persons
who have sustained brain injury. Although there are
expert clinicians in the field, there is no formal certifica-
tion for any of the professionals involved. Consumers and
their families have made a strong case for the requirement
of well trained and certified health care providers in the
field of brain injury medicine.

COMMUNITY CARERS AND
PARAPROFESSIONALS

Following discharge from the acute or sub-acute setting
into the community, many persons with brain injury
require ongoing care. Brain injury is a lifelong injury that
impacts function across the lifespan. Support needs are
typically very high, although social networks generally
consist of only family members and service providers (13).
Oftentimes, persons with brain injury continue to require
the services of a multidisciplinary treatment team. Unfor-
tunately, these services are often spread among several
different provider agencies, making coordination and
continuity of service a management nightmare.

Unlike the pre-existing community services for per-
sons with mental illness or developmental disabilities,
developed in the 1970s as part of deinstitutionalization,
community services for persons with brain injury are rel-
atively new. Further, attempts to “fit” persons with brain
injury into pre-existing community service models (i.e.
those for persons with developmental disabilities or men-
tal illness) have attained limited success toward meeting
the needs of persons with TBI. These factors contribute
to the serious need for specialized training to meet the var-
ious needs of persons with brain injuries, caregivers, and
their families.

Post-acute community based brain injury rehabili-
tation is not only a relatively new field, but is also
impacted upon by misconceptions, cultural diversity, and
inaccurate knowledge about TBI among community ser-
vice providers. Many of the individuals who live in the

community today would have likely not survived their
injuries 25 years ago (16). The developments in emer-
gency medical procedures, medical technology, and
neurosurgical techniques, have sustained the lives of
persons with brain injury, as the community services
available for them are being established.

There is limited literature discussing the need for for-
malized training of providers of TBI services. However,
the literature that is available speaks to the need for spe-
cialized provider training. The individuals who provide
care to persons with TBI residing in the community are
most often family members and direct care staff. Paid
helpers can often lessen the stress placed upon family
members, assuming the paid helper understands the
nature of the injury and its sequelae.

Research on paid care work as it applies to persons
with brain injury is virtually absent from the literature.
McCluskey (21) found that agencies needed to increase
efforts to train and orient new staff to the types of chal-
lenges they would face working with persons with brain
injury. She also suggested that persons with brain injuries
would benefit from closer contact between professionals
and paid caregivers. Given the restrictions funding
sources impose on treatment programs for persons with
brain injuries there may be limited opportunities for pro-
fessional intervention, placing greater emphasis on the
importance of training care givers to implement activi-
ties to improve the functional performance of persons
with brain injury (22).

The specific educational need areas that have been
identified include several areas integral to the provision
of rehabilitation services to persons with brain injury
including; treatment of cognitive deficits, family and
social issues, behavior modification techniques, and
adjustment to brain injury (16, 18). The literature has also
differentiated between the types of training and knowl-
edge required by professionals and paraprofessionals and
those with direct versus less direct care of the person with
brain injury.

A demonstration project through the New York
State Department of Health responded to the need for
education of care providers and support for this difficult
to serve population. Experts in the field of brain injury
rehabilitation developed support for persons with brain
injury, family members, friends, and community support
staff. Additionally, the program offers an “apprentice”
aspect that allows caregivers to receive intensive, con-
textualized training and coaching, enabling them to better
serve persons with brain injury. The results of a prelimi-
nary cost-effectiveness study of the program (23) suggest
that community supports for persons with behavioral issues
resulting from TBI can be provided in a cost-effective
manner, although recommendations are made for a sys-
tematic analysis of quality of life indicators before broader
policies and programs are established.
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The lifelong sequelae of TBI often exhaust private
insurance funding streams early in the rehabilitation
process. Therefore, public programs such as Medicaid
and Medicare often become the primary sources of pay-
ment. Several states have established waiver programs for
persons with TBI. These programs offer opportunities for
designing integrated service plans for individuals with
brain injury who would otherwise require some type of
inpatient care. Care needs usually include support for spe-
cialists in case coordination and behavior management,
not otherwise funded through typical private insurance.
New York State’s TBI Waiver Program offers long-term
support focusing on post-rehabilitative care. The services
offered by the waiver program are fashioned to offset
several of TBI’s sequelae. The services include: Service
coordination, home and community support services, non-
medical transportation, specialized medical equipment and
supplies, home modifications, intensive behavioral sup-
ports, community integration counseling, substance abuse
counseling, day programs, and independent living skills
training. The services are based in a philosophy of indi-
vidual choice, while accounting for the accompanying real-
ities of needs, health and welfare issues, and budgets. One
of the major challenges faced by provider agencies across
the state has been the difficulty to attract and retain qual-
ified staff. This may be a result of the lack of understand-
ing of the behavioral and psychosocial sequelae associated
with brain injury.

American Academy of Certified
Brain Injury Specialists

A 1990 survey of 565 acute, subacute, and post-acute
programs regarding the training needs of licensed and
non-licensed staff brain injury services noted that seventy-
five percent of the respondents (45 percent response rate)
indicated that specialized training is needed for licensed staff,
and 84 percent indicated that training is needed for non-
licensed staff. This was further supported by Becker (18)
who reported that respondents to their survey about edu-
cation and training needs for staff endorsed specialized
training for paraprofessionals, even more than for pro-
fessionals.

As a result, the Brain Injury Association of America
established the American Academy of Certified Brain
Injury Specialists (AACBIS) as a standing committee of
the association to address training needs. AACBIS oper-
ates under its own by-laws as approved by the Board of
Directors of the Brain Injury Association of America.
AACBIS Committee members are experienced profes-
sionals in the field of brain injury rehabilitation who
volunteer their time and expertise to developing a certi-
fication program that meets the needs of the brain injury
community. AACBIS currently offers certification for
Brain Injury Specialists. The program is governed by

AACBIS and is administered by the Brain Injury Associ-
ation of America in McLean, Virginia.

In 1996, AACBIS was established to assure the high-
est possible standards of rehabilitation and care for
persons with brain injuries. The AACBIS is the only orga-
nization offering specialized training and certification
programs for care givers of persons with brain injuries.
AACSBIS offers national certification programs improv-
ing the quality of care through the establishment of best
practices for the education and training of individuals
working in the field of brain injury services. The AACBIS
offers a voluntary national certification program for both
entry-level staff and experienced professionals working
in brain injury services. AACBIS provides staff and pro-
fessionals the opportunity to learn important information
about brain injury, to demonstrate their learning in a writ-
ten examination, and to earn a nationally recognized
credential. Since its inception the program has certified
more than 520 professionals. The AACBIS certification
program is specially designed to address specific train-
ing issues in brain injury services and complement other
credentials.

The AACBIS program is divided into three levels:
Certified Brain Injury Specialist (CBIS)—Basic, CBIS—
Instructor, and CBIS—Examiner. The curriculum includes
units in the following areas:

Brain Behavior Relationships

Functional Impact of Brain Injury

Health and Medical Issues

Philosophy of Treatment

Children and Adolescents with Brain Injury
Brain Injury: A Family Perspective

Legal and Ethical Issues

Critics of the examination focus on it being knowl-
edge based when many of the skills integral for effective
work with this population rely upon technique. Carnevale
(24) developed a model that was both knowledge and
practice based. The model utilized a mobile team
approach, educating caregivers and persons with brain
injury on how to implement and sustain home-based
behavior management programs. The natural environ-
ment (e.g. home, community) brought to light the impor-
tance of flexible interventions that addressed both client
and care giver needs. Training programs should focus on
the “real life” or functional impact that brain injury has
on an individual. Ideally, trainers could incorporate a
model that includes visiting the settings in which the care
giving is taking place or at least viewing videotapes of
every day interactions between the person with the TBI
and his/her environment. In short, at least a portion of
training must be contextualized to increase the likelihood
of positive impact given the cognitive and behavioral
sequelae of TBI. Training programs specifically fashioned
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to provide knowledge and skills training regarding brain
injury are needed to facilitate both the caregiver’s and
the person with brain injury’s adjustment to providing/
receiving services.

SUMMARY

With advancements in research and science, there have
been improvements in acute and emergency medical care,
with a significant increase in the numbers of persons who
survive brain injury. Residual impairments from the brain
injury include a variety of conditions, however cognitive
impairments are often the most difficult to manage.
Health professionals with expertise in brain injury
medicine are required to provide ongoing services and
support. Consumers and professionals recognize the
importance of subspecialty training and certification.

Program accreditation has provided a base for deliv-
ery of quality services at a systems level. Individuals
providing those services should also receive appropriate
training, and ultimately certification, to further assure high
quality care and avoidance of medical errors. The estab-
lishment of the American Academy for the Certification of
Brain Injury Specialists (AACBIS) is a dynamic step toward
addressing the needs and concerns of the brain injury com-
munity. Subspecialty training and certification in brain
injury medicine and rehabilitation should be considered
across all disciplines serving the needs of persons with
brain injury. Programs offering such training narrow the
information gap between healthcare professionals in the
tertiary care hospitals and those in the long-term care facil-
ities, contributing to the integration of brain injury services
across the continuum of care. Partnerships among profes-
sional organizations, credentialing bodies, service agencies,
and accrediting bodies must be forged in order to further
integration of knowledge and skill sets into community
based brain injury services.
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Conducting Research in

TBI: Current Concepts and

Issues

Amy K. Wagner

INTRODUCTION

The National Center for Injury Prevention and Control
suggests that injuries have a substantial impact on the
lives of individual Americans, their families, and soci-
ety. The consequences of injuries can be extensive and
wide ranging. They are physical, emotional, and finan-
cial; in the case of disabling injuries, the consequences
are enduring (1). TBI is no exception to these conse-
quences. TBI is an epidemic in the United States with an
overall incidence of 200 per 100,000 per year (2). It has
been well established that TBI causes chronic debilitation
and functional loss over a lifetime. Unlike other disease
processes with later onset, survivors of TBI often have
many decades of productive life loss, costing themselves,
their families, and society much with loss of the capabil-
ity for competitive employment and other meaningful
community roles. An estimated 5.3 million Americans,
or 2 percent of the population, currently live with dis-
abilities resulting from brain injury, and the national cost
to society is estimated to be $48.3 billion per year (3).
Injury is the leading cause of years of potential life lost
before age 65, and TBI is responsible for a greater pro-
portion of this mortality rate than most other types
of injury (1). For survivors, TBI often results in distur-
bances of cognitive, behavioral, emotional, & physical
functioning. Impairments within these domains can be
a persistent & debilitating problem. Mild TBI is often

undiagnosed, making the public health burden even
larger than reported estimates indicate.

The magnitude of TBI related public health burden
mandates that TBI researchers delineate the contributing
mechanisms of injury and recovery, evaluate and implement
effective treatments, and accurately prognosticate outcome
with effective assessment tools. In the population with TBI,
patients can have markedly different outcomes, despite sim-
ilarities in the extent of the initial insult and in type of clin-
ical management. Additionally, the population sustaining
TBI is diverse, and a broad and complex range of internal
and external factors can influence injury and recovery.
These factors make accurate prognostication, sensitive out-
come assessment, and effective conduct of clinical trials
challenging issues in TBI research. To date, there is a paucity
of proven interventions shown to significantly reduce mor-
bidity and mortality or improve recovery and quality of life.
Mechanisms of injury, neuroplasticity, and recovery are not
fully understood, and outcome prognostication unrefined.
In this chapter we discuss unique issues with conducting
research in the population with TBI and appropriate out-
come assessment in this population. We also highlight the
importance of translational research and preclinical trials,
evaluate challenges and pitfalls with condducting clinical
trial research in this population, and outline issues with sta-
tistical approach and research design. Finally, we will dis-
cuss future considerations and pioneering directions for the
field of TBI research.
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Unique Aspects Associated with
TBI Research

TBI is a complex disease involving both primary (focal
and diffuse injuries) and secondary injury, with secondary
injury involving complex biochemical cascades that lead
to excitotoxicity (4-6), brain swelling (7), loss of cerebral
blood flow autoregulation (8), oxidative injury (9, 10),
inflammation (11, 12), and cellular necrosis and apoptosis
(13, 14). Overlaid on this complex myriad of pathophysi-
ological cascades are the influences of genetic make-up,
and other premorbid and demographic characteristics
that can influence the extent of injury or recovery. For
instance, genetic polymorphisms associated with APOE
have linked ApoE-4 expression to outcome after TBI
(15-17). Other factors such as age, gender, minority sta-
tus, and previous education may also impact outcome
(18-21). Further, there is variability in the type and inten-
sity of both acute and rehabilitation care that patients
may receive. These factors are often influenced by treat-
ment location, social supports, and source of payment
(22-24). The multidisciplinary approach to therapies also
provides unique challenges in understanding what por-
tions of the rehabilitation process are crucial in improv-
ing a particular individual’s recovery course. All of the
differences in injury variables, personal characteristics,
and treatments outlined above can create variability in
recovery from TBI. This variability creates unique chal-
lenges for researcher in TBI to tease out the important
mechanisms associate with injury and recovery, identify
appropriate and effective therapeutic targets, and accu-
rately prognosticate outcome.

Researching the Population with TBI

Researching the population with TBI poses other unique
methodological challenges to researchers regarding recruit-
ment, population characteristics and follow-up. Biases
with recruitment may introduce systematic bias into the
study population. One study evaluated this issue in mild
TBI by comparing demographic, premorbid, and injury
related characteristics of their population. Those who had
more severe injuries, who were hospitalized, and who had
a significant additional major injury were more likely to
consent to participate in the study (25). In studies requir-
ing the evaluation of patients who are unable to consent
themselves for enrollment in a research study and/or the
immediate implementation of a treatment intervention,
obtaining consent can be a challenging issue that impacts
recruitment and study design. Recently, one multicenter
trial investigated the efficacy of early hypothermia treat-
ment implemented within the first six hours from injury
for patients with severe TBI. At the beginning of the study,
informed consent was required for each study patient.
During the course of the study, federal regulations changed

to allow waived informed consent. Post-hoc analysis of this
study population showed that with waived inform con-
sent, time to randomization and treatment implementation
decreased, patient accrual increased, and minority repre-
sentation in the study population increased (26). This
analysis illustrates the potential importance of waived
informed consent on the integrity of early treatment inter-
ventions and in minimizing recruitment bias.

Alternatively, systematic bias may be introduced into
a clinical data set through loss to follow-up. Loss to
follow-up is an inherent problem when conducting
research in the population with TBL. One study evaluat-
ing loss to follow-up using a variety of data sets, includ-
ing a single center, multicenter, and statewide surveillance
data set, found a loss to follow-up rate of approximately
37 percent and 58 percent one year and two years after
injury respectively. Additionally, there appeared to be a
selective bias to lose those who were socioeconomically
disadvantaged, with violent etiologies of injury, and with
a history of substance abuse (27). Systematic bias with loss
to follow-up can significantly decrease the generalizeabil-
ity of study findings and potentially confound apparent
treatment efficacy with clinical trials.

A myriad of variables, including patient comorbidi-
ties and complications (28, 29), gender (18, 30, 31), cog-
nitive reserve (32), injury severity (18, 32, 33), injury type
(34-37) minority status (38), social supports (39) and
acute discharge location (24) may all influence outcome.
Additionally, patient recovery can occur over a prolonged
period (40-42), and outcome assessment may vary with
the type of individual (patient, caregiver, clinician) inter-
viewed (43). Each of these issues must be considered care-
fully when designing studies. The appropriate use of
covariate analysis, including time variables for longitu-
dinal studies, and stratification is often necessary to avoid
confounders obscuring research results. Time post injury
is also an important consideration when designing clini-
cal trials to minimize the effects of natural recovery on
the apparent treatment effect.

Outcome Assessment Tools in TBI Research

The World Health Organization (WHO) has provided
widely accepted definitions of impairment, disability, and
handicap that have resulted in a conceptual framework
by which world wide research has been conducted inves-
tigating the impact of injury and illness on individual
function (44). This system more recently has been
replaced by the International Classification of Function-
ing, Disability and Health (ICF) (45), providing an
updated framework for rehabilitation research (46). Sev-
eral existing TBI assessments measure outcome within
more than one of these domains. Commonly utilized TBI
outcome assessments vary in scope and mode of
measurement. Some outcome assessments are general and
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designed to provide a global index of outcome, [e.g.
Glasgow Outcome Scale-extended (GOS-E) (47), Disabil-
ity Rating Scale (DRS) (48)]. Others are meant to mea-
sure functional abilities for daily activities [Functional
Independence Measure (FIM) (49)] or community inte-
gration [Community Integration Questionnaire (CIQ)
(50, 51)]. Assessments may also focus on quality of life (42,
52, 53), caregiver needs (54, 55), while others focus specif-
ically on neuropsychological performance (41) or psychi-
atric dysfunction (56, 57). Finally, measurement tools may
target specific populations, such as those with mild TBI
(58). In particular, outcomes assessment is an important
aspect of TBI rehabilitation research. However, studies
often published in rehabilitation journals do not report the
validity and reliability of the outcome measures used (59).
Variable definitions and operationalization as well as asso-
ciated social values and target population can be difficult
to address when developing new or utilizing existing TBI
outcomes assessments (60).

Multimodal assessments are often necessary to
effectively reflect the complex range of factors affecting
TBI outcome. However, no single measurement tool can
encompass all relevant areas of TBI outcome. Addition-
ally, there are limitations with the collection and analy-
sis of many existing measurements. There are ceiling
effects associated with some measures as individuals
with TBI improve over time (61), and some outcome
measures have a limited ability to measure group differ-
ences in function over long evaluation intervals (62).
Attention to cultural, minority, age and gender related
differences in response range for outcome assessments
should also be considered when selecting assessments
and interpreting results (19, 63-66). Choosing an appro-
priate primary outcome measure is of critical importance
when designing clinical trials, selecting a proposed treat-
ment effect size, and for developing effective models for
prognostication. Appropriate and well validated out-
come measures are often most effective when they tar-
get a population with a varied demographic profile and
broad range of injury severity, are able to accurately
place subjects in appropriate outcome categories at given
time intervals, and are sensitive to change over time.
Additionally good outcome assessments often link
impairments to disability to handicap. For clinical trials,
the GOS-E has gained popularity as a primary outcome
assessment tool and is thought to be more sensitive than
the standard GOS (47). However, The Functional Sta-
tus Examination (FSE) is a well-validated new instru-
ment that has been utilized in long-term studies for the
population with moderate and severe TBI (42, 67). Its
measurement properties are linked with other constructs
such as family burden, depression, and satisfaction with
functioning that make it an effective multi-modal assess-
ment (42) that should also be considered when design-
ing clinical studies.

Researchers should also examine prospective out-
come assessments they plan to use to determine if appro-
priate steps have taken previously to validate that measure
in their population of interest. Mode of assessment admin-
istration presents some unique concern regarding the
validity of the assessment tool chosen. Some measures,
including FIM (68) and CIQ (51) have been validated for
administration over the telephone, however, many other
measures have not been formally validated for multiple
modes of administration, despite their widespread use in
this manner. Telephone and mailings result in the study
population becoming an unseen entity, which can intro-
duce variability and bias into the responses generated.

Cognitive impairments of persons with TBI often
make the use of proxies for outcome assessment and eval-
uation attractive. However, self-awareness of deficits for
people with TBI (69) and participant-proxy differences in
disability perceptions and quality of life (70) may preclude
participant-proxy responses from being interchangeable.
Some measures have been specifically evaluated for their
reliability and accuracy when administered to both indi-
viduals with TBI and their proxies (68, 71), while others
have not been evaluated for participant-proxy agreement.
Recently, the intraclass correlations between participants
with TBI and participant selected proxies on the Craig
Handicap Assessment and Reporting Technique (CHART),
the CIQ, and the FIM were evaluated. Results showed a
high intraclass correlation for participants and proxies,
with the highest values occurring on items assessing con-
crete or observable information (72). Other studies in a
variety of patient populations also indicate that patient
proxy agreement is generally better for questions regarding
physical dimensions of functional status, and agreement is
less consistent for questions regarding subjective or affec-
tive aspects of outcome assessment (70). Investigators
should take time to carefully consider their primary out-
come measure and choose their criteria for considering per-
sons with TBI to be a capable respondent. The agreement
between patient and proxy responses should be evaluated
prior to an outcome assessment’s inclusion in a study in
order to avoid over or under estimation of treatment effects
or invalid conclusions. Further, consistent criteria for the
selection of a knowledgeable caregiver or significant other
should be considered in the research design.

Clinical Trials in TBI

Randomized clinical trials are the gold standard by which
researchers in any field of medicine test the efficacy and
safety of treatment interventions. Clinical trials, particu-
larly randomized clinical trials, provide a strong founda-
tion for evidence based clinical practice and justification
of payors to reimburse for treatments and therapies (73).
However, in the area of TBI, there have been few clinical
trials that have definitively identified any effective
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treatments for reducing morbidity or improving recovery.
Numerous TBI clinical trials of acute pharmacological
interventions, intended to improve functional & neu-
ropsychological outcomes, have been conducted over the
last 25 years, with often disappointing results (2, 74-80).
The justification for virtually all of these trials were pos-
itive findings in animal studies, using rodent models, test-
ing the trial drug or intervention that could not capture
variables that may influence treatment outcome, such as,
gender, age, and genetic variability (81, 82). As mentioned
above, TBI is a heterogeneous disease, with a multitude
of secondary injury cascades, affecting a diverse popula-
tion. The complexity of the disease and diversity of the
population it affects makes designing clinical trials in TBI
particularly challenging.

For TBI rehabilitation research, double blind ran-
domized control trials are particularly difficult to carry
out. Sample sizes tend to be small, and the number of con-
founding variables are often quite high. There is a lack of
consensus on appropriate outcome measures or how to
objectively quantify rehabilitation based interventions, and
(unlike acute care trials) post-intervention improvements
may not be seen for months or years. Rehabilitation
research also focuses on the improvement of functional
abilities, participation in the community, and quality of life
(46). For instance, social interventions such as caregiver
education may improve community integration and qual-
ity of life for the population with TBI. Rehabilitation out-
come often can be considered context specific and affected
by a patient’s physical environment, social environment,
and personal attitudes and expectations (83). Contextual
factors may influence rehabilitation outcome and decrease
the generalizeability of clinical study results. Despite these
challenges, some high quality rehabilitation based ran-
domized clinical trials have occurred in the areas of seizure
prophylaxis (84, 85), community based rehabilitation for
long term survivors of TBI (86), Methylphenidate treat-
ment (87), and cognitive rehabilitation (88). However,
replication studies, studies with large population numbers,
and the generalizability of findings to a large population
are difficult to find in any area of TBI rehabilitation
research.

A recent analysis regarding clinical trials in rehabili-
tation (89) suggests that characterizing participants in
rehabilitation research studies is of critical importance to
eliminate confounding, to ensure comparability across
treatment conditions, and to adjust for differences in prog-
nosis among participants. Additionally, the treatment or
intervention must be adequately and objectively charac-
terized in terms of mechanism of action, dose, route, inten-
sity, and subject participation. Outcome measures utilized
for characterizing treatment efficacy need to be sensitive
and appropriate. Investigators should identify the appro-
priate target of their outcome assessment (e.g. disease,
impairment, activity, participation, quality of life) and

ensure the measureability of their outcome target with the
treatment intervention. Often, broadly defined outcomes
such as quality of life have several factors that impact it.
As such, a single intervention may impact specific impair-
ments after TBI, but those changes may not be large
enough to translate into a meaningful change in quality
of life (89). Additional challenges in rehabilitation research
occurs with blinding of physical treatments and with lim-
itations of crossover designs when significant contamina-
tion of the study population from cross-training might
dilute the effectiveness of the treatment intervention (90).

Multicenter clinical trials in TBI are considered nec-
essary since the ability of a single center to recruit enough
subjects to provide adequate statistical power is often lim-
ited. However, several statistical and design issues have
been identified by investigators directing multi-center
clinical trials that begin during emergency and intensive
care. Intercenter variance in patient care and adherence
to the research protocol has been a fatally flaw in some
recent multicenter clinical trials. For example, it has been
reported that intercenter variation, not explicable by
injury severity or type, was responsible for approximately
40 percent of the variation in a multicenter clinical trial
evaluating the effectiveness of tirilizad mesylate (77, 91).
Intercenter variation was noted with a variety of inten-
sive care treatments, including narcotic use for sedation,
and with a number of physiological variables, including
mean arterial pressure and cerebral perfusion pressure for
a multicenter clinical trial evaluating the efficacy of
hypothermia (92). Interestingly, recent studies with an
experimental TBI model suggests that choice of anesthe-
sia or sedation, including Fentanyl and Isoflurane, can
have marked effects on outcome and in the context of
hypothermia treatment (93, 94). This example demon-
strates the potential impact that variation in standard care
may play in recovery and outcome. Centers who can
enroll small numbers of patients may contribute the most
variability to standard care treatment regimens because
they are often less likely to follow consensus recommen-
dations for standard treatment (91). Misclassification of
outcomes can also influence study results. Interestingly,
one study reports, that as the numbers of outcome
categories increase, the greater the likelihood of outcome
misclassification and erroneous results (95). While
dichotomous outcomes are not reasonable for each and
every clinical trial, care must be taken to create effective
algorithms for accurate data collection, and the use of
pilot data may be helpful in determining an effective
outcome measure with a minimum necessary requirement
of categories. Subset analysis of data, even in negative
multicenter trials, is recommended to identify potential
subpopulations who might benefit from a particular
treatment (96).

Recently, the NINDS May 2000 Clinical Trials in
Head Injury Study Group identified and discussed many
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of the issues associated with failure to produce positive
results with several recent trials (91). The Study Group
concluded that in order for clinical trials to be effective,
it is essential to: (i) establish that a drug or proposed
intervention is having the desired effect on a specific
mechanism of injury in vivo, (ii) to obtain adequate pre-
clinical data, (iii) target subpopulations of patients most
likely to benefit from the treatment, (iv) standardize
clinical care, (v) choose appropriate outcome measures
or endpoints, and (vi) have reasonable expectations for
treatment effect (91). Priority should be placed on con-
ducting experimental and clinical studies aimed at
understanding mechanisms of injury and recovery, since
they are critical when designing future clinical trials and
identifying possible therapeutic targets. Evaluating the
most effective window of treatment, dose response
curves, drug pharmacokinetics and drug delivery to the
brain, and multiple models of experimental TBI are
needed for adequate pre-clinical trial data (91). Utiliz-
ing injury related prognostic variables in the selection
critieria for studies may allow investigators to effectively
target subpopulations for particular interventions.
Functional status at the time of entry into rehabilitation
trials may be more prognostic of outcome and a rele-
vant way to group patients than injury variables (91).
Other intrinsic variables such as age, gender, and genetic
make-up are emerging as important variables to consider
in trial design (15, 97). Strict adherance to clinical
care guidelines, centralization of some study variables
(e.g. CT scan interpretation), collection of concurrent
medications, and collection of only essential study vari-
ables may improve the management of clinical trials.
Finally, smaller effect sizes (5-7.5 percent), the careful
design and use of sensitive outcomes as well as the judi-
cious use of relevant proxy variables may allow inves-
tigators to appreciate subtle treatment effects for
specific interventions (91).

Alternatives to Clinical Trials and
Research Design

While randomized clinical trials are considered the gold
standard for clinical research, they are not always feasi-
ble or practical for each research question. Ethical issues
and the inability to obtain the resources necessary to con-
duct a full scale randomized clinical trials may preclude
this study design (98). However, randomized clinical tri-
als may have their own limitations in that they may not
provide a representative measure of the effectiveness of
the treatment in common clinical practice settings (99).
Observational studies may be one alternative technique
by which to study necessary research questions, particu-
larly when treatment variables of interest are not assigned
based on prognostic factors influencing outcome (98).
Some reports suggest that effect sizes generated from well

done observational studies can be comparable to those
obtained from randomized clinical trials (100) However,
observational studies are vulnerable to confounding
variables impacting the outcome variable of interest and
require the use of covariate analysis. Common issues
associated with exploratory analyses or observational
studies, such as appropriate correction for multiple com-
parisons, avoiding type Il experimental error, and appro-
priate sample size also need to be considered in the study
design (101, 102), in order to provide accurate conclu-
sions and a solid foundation for the design of a future
clinical trial. Single subject research designs can be valu-
able, particularly in clinical practice, to determine effec-
tiveness of treatments and lay the ground-work for larger
studies (103).

Translational Research in TBI

Translational research is an important area of focus for
TBI in that it identifies mechanisms of injury and recov-
ery and lays the groundwork for the conduct of clinical
trials. Advances in genomics and proteomics may provide
a novel approach to identifying and exploring therapeu-
tic targets (104, 105). Utilizing functional imaging tech-
nology (106-109) or quantitative EEG (110) may be
some contemporary avenues by which to explore injury
and recovery mechanisms directly in the clinical popula-
tion with TBI. However, the majority of translational
research requires the effective use of experimental mod-
els that reproduce the physiological and behavioral seque-
lae associated with injury. Several models, including fluid
percussion (111) and controlled cortical impact (CCI)
(112) are commonly used in rodents. Characteristics of
the CCI model include not only a representative contu-
sion, but also reproducible brain edema and marked
changes in cerebral blood flow in surrounding cortex
(113). Rodent models are cost effective, can provide a
relevant and reproducible injury, and are effective in
studying a variety of behavioral paradigms (114-117).
Rodents, however, are not gyrocephalic animals, and the
use of larger animal models, including primate models,
may be necessary to fully characterize pathology associ-
ated with diffuse axonal injury. Experimental models of
TBI have largely been utilized to study acute pathology and
neuroprotection, however, they can be a useful approach
for examining long term outcome, mechanisms of recov-
ery, and relevant rehabilitation interventions. For exam-
ple, the CCI model recently was utilized to study the dif-
ferential effects of gender and environmental enrichment,
an experimental correlate to therapy, on behavioral recov-
ery (118). In order for TBI rehabilitation research to move
forward, collaborative efforts with other basic science dis-
ciplines, such as neuroscience and psychology, to tackle
complex issues such as cortical reorganization, neural plas-
ticity, and the effects of rehabilitation strategies like forced
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use will be required (119). Future work will also require
that researchers find ways to actively link studies involv-
ing acute mechanisms of injury and treatment inventions
with central nervous system repair and recovery.

Priority Areas for TBI Rehabilitation Research

In 1999, an NIH consensus group identified and pub-
lished some research priorities in the area of TBI (120).
Highlighted among these priorities include a need for
epidemiological studies targeting different demographic
groups and to study mild TBI. The therapeutic window
for treatment interventions needs to be studied, and the
neurobiology of clinical TBI, using state-of the-art tech-
nology needs to be addressed. Specific prognostic equa-
tions should be developed, and the relationship between
impairments and global outcome evaluated. Finally, the
long term consequences of TBI and the developmental
impact of TBI on children should also be a focus of
study (120).

Several priority areas for TBL, injury prevention, and
rehabilitation research have been set by primary federal
organizations that fund TBI research. The National Insti-
tute for Disability and Rehabilitation Research’s Long
Range Plan has research priorities in the areas of employ-
ment outcomes, individual health and function, technol-
ogy for access and function, and independent living and
community integration (121). The development of sensi-
tive and effective outcome measures is a priority. Research
in rehabilitation science, disability studies, and disability
policy are also current NIDRR research priorities. Inves-
tigators, particularly in the field of TBI rehabilitation
research, have had a long history of utilizing NIDRR
funding to evaluate important questions in the area of TBI
outcome. The TBI model system centers (122, 123) have
been an important part of this endeavor. NIDRR based
collaborative networks for TBI research also foster
increased interactions between a varied group of investi-
gators and allow for the recruitment of large samples to
answer important TBI rehabilitation research questions.

The Centers for Disease Control’s (CDC) injury cen-
ter interact with researchers in acute care and rehabilita-
tion in order to “advance a broad based, multidisciplinary
approach to injury” (1). Highlighted among their many
priorities relevant to TBI are to (i) identify risk factors and
develop and evaluate interventions for secondary condi-
tions following TBI, particularly for patients not treated
at state-of-the-art facilities; (ii) identify methods to ensure
that people with TBI receive services; (iii) develop and
apply methods for calculating population-based estimates
of the incidence costs and consequences of those non-
hospitalized after TBI; (iv) determine the impact of TBI
on special populations; (v) develop and implement inter-
ventions for reducing disability after mild TBI; (vi) deter-
mine how the environment impacts disability after TBI;

and (vii) investigate the long-term effects of TBI on the
health and longevity of persons with TBI. These priori-
ties indicate that the CDC has a wide range of research
opportunities for investigators to utilize that integrate
aspects of secondary and tertiary injury control.

“Healthy People 2010” is a collection of national
health objectives highlighted by the NTH as research pri-
orities. The goals of Healthy People 2010 are designed
to identify significant threats to national health and to
establish goals aimed at reducing these threats. One pri-
ority of Healthy People 2010 is to eliminate health dis-
parities among different segments of the population,
including those with disabilities. In particular, Healthy
People 2010 aims to “promote the health of people with
disabilities, prevent secondary conditions, and eliminate
disparities between people with and without disabilities
in the U.S. population” (124). These particular aims sug-
gest that National Institutes of Health (NTH) views dis-
ability related research, including research on assessing
and preventing secondary conditions associated with TBI,
as an important priority area of research.

In 2002, the NIH began developing its roadmap for
medical research in the twenty-first century and identi-
fying new pathways to discovery, research teams of the
future, and re-engineering the clinical research enterprise
(125). Future NIH funded TBI research will likely incor-
porate many of the new research paradigms outlined
within this roadmap. TBI research teams of the future
will likely be multidisciplinary in nature, integrating sev-
eral distinct areas of science to evaluate broad research
questions. NTH hopes to increase interactions between
clinicians and basic scientist with the thought that this
interaction will generate studies that are effectively able
to translate basic research findings into meaningful
changes in individual health. NIH is committed to train-
ing clinician researchers to take part in multidisciplinary
and translational research endeavors. Contemporary and
integrated networks of researchers able to conduct large-
scale clinical trials to efficiently study relevant research
questions and rapidly disseminate their findings in the
context of best practices are a priority. Standardized data
collection, sample sharing and the development of effec-
tive outcome measurements are also a priority. The NIH
hopes to leverage significant advances in molecular biol-
ogy, bioinformatics, computer science and engineering
to encourage innovative ideas and perspectives that lead
to seminal breakthroughs in scientific research that lead to
improvements with human health. Finally, the NIH hopes
to develop private-public partnerships to extend and
accelerate research. As investigators incorporate this new
vision into their scientific approach and programs of
research, we will move forward in understanding key
mechanisms of injury and recovery, and effectively iden-
tifying and implementing therapeutic strategies for the
population with TBI.
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INTRODUCTION

In the United States, traumatic brain injury (TBI) has
been associated with more than 50,000 deaths annually,
which is a third of all injury-related deaths. In addition,
annually there are some 230,000 hospitalizations for
nonfatal TBI, with an estimated 80,000 resulting in long-
term disability (1). The incidence of TBI in the world
population is unknown, but its magnitude is suggested
by the Global Burden of Disease Study (2), which esti-
mated the incidence of several categories of TBI severe
enough to warrant medical care or result in death. For
1990, the estimates totaled over 9,500,000, but this may
be conservative, as some categories (e.g., fall-related
TBIs with short-term consequences) were not included.
The uncertainty of these estimates notwithstanding, TBI
clearly imposes a great burden on public health through-
out the world. The purpose of this chapter is to charac-
terize this burden by summarizing studies of the
epidemiology of TBI, emphasizing findings about its
frequency, risk factors, severity, and outcomes in popu-
lations. An understanding of the epidemiology of TBI is
essential for developing effective prevention programs

Public Health

and for planning appropriate health care services for
those injured.

DEFINITIONS

Traumatic Brain Injury

Case definitions for TBI have varied among epidemiologic
studies, creating some difficulties in comparing their find-
ings (3). For example, not all of the studies have included
cases with skull fracture that lacked other documentation
of neurologic symptoms or brain injury per se. In addition,
the term “head injury” has often been used in place of TBI.
An effort to standardize the epidemiologic case definition
of TBI (as well as methods of data collection) led to the pub-
lication of Guidelines for Surveillance of Central Nervous
System Injury by the Centers for Disease Control and Pre-
vention (CDC) in 1995 (4). The CDC defined TBI as cran-
iocerebral trauma, specifically, an occurrence of injury to
the head (arising from blunt or penetrating trauma or from
acceleration/deceleration forces) that is associated with any
of these symptoms attributable to the injury: decreased level

45



46

EPIDEMIOLOGY, PREVENTION, NEUROPATHOLOGY, AND NEURAL RECOVERY

of consciousness, amnesia, other neurologic or neuropsy-
chologic abnormalities, skull fracture, diagnosed intracra-
nial lesions, or death.*

The guidelines also provided a standard case
definition for data systems, which includes International
Classification of Diseases, Ninth Revision (ICD-9) (5), or
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) (6), diagnostic codes
in the ranges 800.0-801.9, 803.0-804.9, and 850.0-854.1
for cases regardless of survival status, with the addition
of codes 873.0-873.9, 905.0, and 907.0 for cases result-
ing in death. Since the publication of the guidelines, most
surveillance of TBI in the United States has relied on these
definitions (7,8).

Severity

In epidemiologic reports, TBI severity refers to the amount
of acute disruption of brain physiology or structure.
Assessments of severity derive from clinical evaluations
conducted early in the course of acute medical care; some-
times they also take into account the results of neu-
roimaging tests. Epidemiologic studies have used various
classifications of TBI severity, such as the Glasgow Coma
Scale (GCS) (9), the Abbreviated Injury Severity Scale (AIS)
(10), and ICDMAP (11,12), an approximation of the AIS
based on ICD-9-CM diagnostic codes. Severity is of inter-
est to the extent that it helps to predict the course and even-
tual outcome of the injury, but should not be confused with
outcome.

The ordinal categories of these severity scales are
sometimes combined into the broader categories of mild
(or minor), moderate, and severe TBI (13,14). Defining
the boundaries of these categories has been difficult, espe-
cially defining the minimum criteria of a mild TBI. To
address the latter issue, CDC recently convened an expert
panel; the consensus-based definition they developed may
be summarized as follows:

Mild TBI is an injury to the head (arising from blunt
trauma or acceleration or deceleration forces) that results
in one or more of the following: any period of confusion,
disorientation, or impaired consciousness; any dysfunc-
tion of memory around the time of injury; loss of con-
sciousness lasting less than 30 minutes; or the onset of

*The CDC case definition of TBI was developed as a tool
for public health surveillance, not clinical practice. As such, it
attempts to identify not only cases of craniocerebral trauma
where transient or persistent sequelae are noted but also cases
where sequelae are possible. For this reason, the definition
includes skull fractures in which medical records lack indica-
tions of neurologic injury per se, and also includes mild injuries
in which records document only minimal and transient neuro-
logic symptoms. The definition does not assume that the
outcomes in such cases are necessarily adverse or of significant
neurologic effect.

observed signs or symptoms of neurological or neu-
ropsychological dysfunction (15).

The term “mild” can be misleading if interpreted to
mean inconsequential injury or injury with only minimal
and transient effects. Clinical data indicate that some mild
injuries have significant sequelae; the frequency with
which these occur among people experiencing mild TBI
remains to be determined by epidemiologic studies.

Outcome

TBI outcome refers to survival status after injury and to
the extent of impairment and disability after there has
been an opportunity for recovery. Because of method-
ologic difficulties, relatively few epidemiologic studies
have addressed TBI outcomes. Some of these have used
the Glasgow Outcome Scale (GOS), a five-point ordinal
measure of global outcome (16).

Incidence and Prevalence

The measurement of TBI incidence (rate of occurrence
of new cases) and prevalence (proportion of a population
with TBI-related disability) requires population-based
studies focused either on the entire population of inter-
est or a representative sample of that population. Such
epidemiological studies differ from descriptive studies of
hospital case series, which constitute most of the clinical
literature on TBI. Clearly, the latter cannot be assumed to
reflect the entire population of persons with brain injury.
Thus, such case series cannot accurately describe inci-
dence rates or distribution of risk factors, causes, or sever-
ity in the entire population.

Public Health Surveillance

Surveillance is the ongoing, systematic collection and
analysis of information to monitor health problems
(17,18). Recent TBI surveillance has often focused on
temporal trends in the incidence of these injuries (8,19).

METHODOLOGICAL ISSUES

Availability of Data

Several data sources in the United States provide quanti-
tative data for population-based assessment of TBI (20).
The most easily obtainable of these sources are designed
for other administrative purposes, e.g., hospital billing,
and thus they contain only limited information regard-
ing the clinical manifestations and causes of TBI. The
information they include can sometimes be enhanced by
linkage with other data sources, e.g., data abstracted sep-
arately from medical records. The following data sources
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are widely available and useful for epidemiologic studies
or surveillance.

Mortality The National Center for Health Statistics
(NCHYS) collects death certificate data from vital statis-
tics records from all U.S. states and territories. These Mul-
tiple Causes of Death Data (MCDD) include information
on demographics as well as the nature and external causes
of injury, coded according to the International Classifi-
cation of Diseases. The recent tenth revision of this clas-
sification (ICD-10) (21), incorporated major changes by
forming new cause-of-death titles and codes and a restruc-
turing of the leading causes of death (22). The effect of
these changes on the comparability of mortality data col-
lected before and after the implementation of ICD-10 has
not yet been evaluated.

Most countries that belong to the World Health
Organization (WHO) maintain some form of national
death records using the ICD coding system. In general,
developed countries have more reliable reporting systems
than less-developed countries. Thus, comparisons of TBI
mortality between countries must be made with caution,
taking into account variability in the completeness of
reporting systems and coding criteria.

Morbidity Developed countries often have national or
regional data sets that allow descriptions of TBI-related
hospital admissions, accurate to the extent that coding
practices and reporting are reliable in individual hospi-
tals. International comparisons of TBI using hospital
discharge data systems are possible when uniform case
definitions are used. The WHO Standards for Surveil-
lance of Neurotrauma (23) contains such case definitions;
these are consistent with CDC case definitions. The WHO
Department of Injuries and Violence Prevention Program
has many collaborating nations that provide aggregate
data for international comparisons.

In the United States, the availability of such mor-
bidity data is limited because the health care system is
not centralized. Even so, several U.S. data sources are
available:

The National Health Interview Survey (NHIS),
conducted by NCHS, is an annual interview of
a sample of households that in some years
includes supplemental questions on injury.
These allow estimates of TBI incidence,
stratified by the level of care received (e.g.,
physician visit, hospital emergency department
visit, or hospital admission). Survey data are
limited by the accuracy of the information
recalled by respondents.

The National Hospital Discharge Survey (NHDS),
also conducted by NCHS, is an annual survey
of patient discharges from a sample of

nonfederal hospitals. NHDS provides informa-
tion on primary diagnosis and up to six
secondary diagnoses, length of stay, payer
information, and demographics. This enables
estimates of the incidence of TBIs that result in
hospital admission.

Many states aggregate claims data for hospital care
to create hospital discharge data (HDD) sets.
These data are standardized and coded accord-
ing to the Uniform Billing form (UB-92),
promulgated in 1992 by the U.S. Health Care
Financing Administration (now the Center for
Medicare and Medicaid Services). As long as
states require all hospitals within their jurisdic-
tion to report these data, HDD sets can enable
reliable estimates of the incidence of TBI-
related hospital discharges, and thus, they have
become increasingly popular as primary
sources of information for surveillance. These
administrative claims data provide only limited
information, however. In some state surveil-
lance programs, additional information on
severity, circumstances of injury, and short-
term outcome is obtained by abstracting
medical records in a representative sample of
TBI cases identified from HDD sets.

Some emergency department data are also available
with which to estimate the incidence of TBI
among persons not admitted to hospitals. Since
1992, the NCHS’s National Hospital Ambula-
tory Medical Care Survey (NHAMCS) has
included a national sample of visits to emer-
gency and outpatient departments of noninsti-
tutional general and short-stay hospitals (24).
In addition, some states maintain aggregate
statewide emergency department visit data sets
that can also be used for estimates of TBI
incidence.

The NCHS National Ambulatory Medical Care
Survey (NAMCS), another annual survey,
provides information on ambulatory medical
care provided by offices of physicians who are
not federally employed. Although this data
source affords some opportunity to estimate
the incidence of injuries treated in an outpa-
tient setting, the accuracy of physician office
coding for specific diagnoses such as TBI has
not been evaluated.

In many states, data on outpatient visits are avail-
able from state employee and workers’ com-
pensation insurance programs. These data
sources provide detailed information on outpa-
tient encounters for subscribers and their fami-
lies. These sources may have limited use for the
surveillance of minor injuries.
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Quality of Data Sources

The quality of the data that come from vital and health
care data systems is limited for several reasons. First,
because such data sets are often collected for nonresearch
purposes, such as reimbursement, they may omit some
important clinical information, such as indicators of out-
come. Second, these data are often collected on a large
scale and recorded, coded, and transcribed by many
persons with varying degrees of skill. Third, diagnostic
coding may reflect a need to maximize reimbursement.
Finally, many hospitals and health care systems may lack
the means to validate the coding derived from the medical
record and ensure high quality data.

The availability of medical care and medical
technologies, the integration of health care systems, the
quality of the public health infrastructure (including vital
records and medical examiner or coroner systems), and
the availability of information technologies can all affect
the completeness of TBI diagnosis and reporting. Not sur-
prisingly, these vary greatly among nations and regions,
and thus, international comparisons of TBI have to be
carefully interpreted with consideration given to bias in
case-ascertainment and information.

Although mortality data systems are less prone to
error from duplicate reports, morbidity data aggregated
from HDD sets may be subject to overreporting due to
hospital readmissions and inter-hospital transfers, unless
data can be linked to identify these occurrences.

The incompleteness of data elements that are critical
for understanding TBI occurrence is a major problem in
hospital discharge and emergency department data systems.
ICD-9-CM external-cause-of-injury coding (E-coding) is
usually incomplete in hospital discharge data sets (25,26),
rarely exceeding 90 percent unless augmented by medical
record review. In addition, the Sth-digits of ICD-9-CM
codes, which provide additional clinical detail, are often
incomplete. These are particularly useful, if coded correctly,
to assess severity. Other crucial data that are often missing
include source of admission, secondary payers, secondary
E-codes that describe place of occurrence, and informa-
tion regarding impairments and disability noted at the time
of hospital discharge.

Finally, there are substantial limitations in the qual-
ity of clinical information that health care providers
record, upon which accurate ICD-9-CM coding (includ-
ing Sth digit information) depends. Notably, Glasgow
Coma Scale scores are not recorded in about 40 percent
of hospital medical records of people with TBI (8). Some-
times this is due to inherent difficulties in applying the
GCS; for example, it may be difficult to assign an accu-
rate score in the presence of injury complications or med-
ical interventions such as periorbital swelling, intubation,
or the use of drugs (e.g., sedatives or paralytic agents).
Also, the GCS does not account for the amount of stim-
ulation needed to obtain a response, which may affect its

reproducibility (27). In addition, the GCS is often not
scored at consistent intervals following injury. Further-
more, numeric scales that are ordinal in nature, such as
the GCS, are not linear. Thus, a 1-point change in a lower
range of these scales may not represent the same degree
of functional change as a 1-point change in a higher range
(28). As well, the apparent simplicity of the GCS is mis-
leading because it can be interpreted variously, even
among neurosurgeons (29). Finally, its predictive value,
especially when applied early, is limited (30).

PUBLISHED POPULATION-BASED STUDIES

Trends in TBI Incidence—United States

The incidence rates reported in selected epidemiological
studies of TBI-related hospitalizations or TBI-related hos-
pitalizations and death in U.S. localities are summarized
in Table 6-1 (7, 8, 31-435). The rates should be compared
with caution, because criteria for including cases and the
use of rate adjustments vary (3). Still, these studies sug-
gest that rates of TBI related hospitalization have
decreased substantially in the last two decades.

From 1979 through 1992, the TBI-associated death
rate in the United States decreased 22 percent, from 24.6
per 100,000 population to 19.3 per 100,000 (46). Most
of the decrease resulted from a 42 percent decline in
motor vehicle-related deaths, from 11.4 per 100,000 in
1979 to 6.6 per 100,000 in 1992. During the same period,
firearm-related TBI deaths increased 9 percent, from
7.7 to 8.5 per 100,000, thus surpassing transportation
crashes as the leading cause of TBI mortality. Rates of
TBI-associated death due to falls and other causes
decreased slightly during this period.

In contrast, an analysis of data from the NHDS for
1980 through 1995 documented a steep decline of 51 per-
cent in TBI-related hospital discharge rates; they decreased
from 199 to 98 per 100,000 per year over this period (47).
The decline in rates of discharge occurred mainly among
injuries classified as non-life-threatening. A comparison of
findings in the 1979-1992 and the 1980-1995 analyses
indicates a disproportionately large reduction in rates of
nonfatal TBI resulting in hospitalization. This decrease may
reflect some success in injury prevention, but it appears also
to be the result of recent changes in admission policies that
discourage inpatient care for less severe injuries (47). The
apparent shift away from inpatient care underscores the
need for surveillance of TBI patients treated in emergency
departments and other outpatient settings.

TBI-Related Hospitalizations and Deaths—
Other Countries

The incidence rates reported in selected epidemiological
studies of TBI-related hospitalizations or TBI-related hos-
pitalizations and death are shown for other developed



THE EPIDEMIOLOGY OF TBI: IMPLICATIONS FOR PUBLIC HEALTH

49

TABLE 6-1
Selected U.S. Studies of TBI Incidence

CASES INCLUDED*

YEAR COMPLETED LOCATION RATE / 100,000 A B C INVESTIGATORS

1974 Olmsted Co., Minnesota 193 X X X Annegers et al. (31)

1974 United States 200 X X Kalsbeek et al. (32)

1978 San Diego Co., California 294 X X X Klauber et al. (33)

1978 North Central Virginia 175 X X Jagger et al. (34)

1980 Inner-city Chicago, Illinois 403 X X X Whitman et al. (35)

1980 Rhode Island 152 X X Fife et al. (36)

1981 United States 136 X X Fife (37)

1981 Bronx, New York 249 X X X Cooper et al. (38)

1981 San Diego Co., California 180 X X X Kraus et al. (39)

1986 Maryland 132 X X X MacKenzie et al. (40)

1992 Utah 108 X X X Thurman et al. (41)

1992 Colorado 101 X X X Gabella et al. (42)

1993 Colorado, Missouri, 102 X X X Centers for Disease
Oklahoma, and Utah Control and Prevention (43)

1993 Alaska 130 X X Warren et al. (44)

1993 Iowa 93 X X X Schootman et al. (45)

1994 Seven statest 92 X X X Thurman et al. (7)

1997 Fourteen statest 70 X Langlois et al. (8)

vital records).

* TBI cases reported include: A, live hospital discharges; B, hospital inpatient fatalities; C, non-hospitalized fatalities (determined from

T Arizona, Colorado, Minnesota, Missouri, New York (excluding New York City), Oklahoma, and South Carolina.
+ Alaska, Arizona, California, Colorado, Louisiana, Maryland, Minnesota, Missouri, Nebraska, New York, Oklahoma, Rhode Island,
South Carolina, and Utah.

TABLE 6-2
Selected International Studies of TBI Incidence in Developed Countries
YEAR FINISHED LOCATION INCIDENCE RATE* INVESTIGATORS
1974 Scotland 313 Jennet and MacMillan (48)
1974 Akershus County, Norway 236 Nestvold et al. (49)
1980 Trgndelag, Norway 200 Edna and Cappelen (50)
1986 Aquitaine, France 281 Tiret et al. (51)
1987 South Australia, Australia 322 Hillier et al. (52)
1988 New South Wales, Australia 100 Tate et al. (53)
1988 Cantabria, Spain 91 Vazquez-Barquero et al. (54)
1993 Finland 97 Alaranta et al. (55)
1993 Denmark 157 Engberg and Teasdale (56)
* TBI-related hospitalizations or both hospitalizations and deaths per 100,000 population per year.

countries (48-56) in Table 6-2 and developing countries
(57-61) in Table 6-3. Variations in case definitions, crite-
ria for hospital admission, access to hospital care, and qual-
ity of national or regional health data sources, as well as
different methods of identifying cases and collecting data
hinder comparisons between these studies. These problems
are especially difficult in developing countries (62). At pre-
sent, there are too few published studies to form confident

conclusions about TBI incidence worldwide or to describe
international trends. Population-based studies from South
Africa, India, and Taiwan suggest higher rates in develop-
ing countries, however, with a predominance of road traffic
injuries, but clearly more data are needed. The dissemina-
tion and adoption of international standards for TBI
surveillance such as those published by WHO (23) should
improve the amount and quality of international data.
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TABLE 6-3
Selected International Studies of TBI Incidence in Developing Countries

YEAR FINISHED LOCATION INCIDENCE RATE INVESTIGATORS

1983 Six cities, China 55*

1985 Rural areas, China 64* Zhao and Wang (57)

1986-1987 Johannesburg, South Africa 316t Brown and Nell (58)
Nell and Brown 59)

1991-1992 Bangalore, India 122t Gururaj (60)

1988-1994 Taipei, Taiwan 220t Chiu et al. (61)

* TBIs reported by household survey, number per 100,000 population per year.
T TBI-related hospitalizations or both hospitalizations and deaths per 100,000 population per year.

Recent Epidemiological Findings from the
United States

Mortality A recent report from the CDC summarizes
information on TBI deaths, using data from NCHS
MCDD collected from 1989 through 1998 (19). During
that decade, an annual average of 53,288 deaths were
associated with TBI, a rate of 20.6 per 100,000 popula-
tion. During this interval, TBI-related death rates declined
11.4 percent, from 21.9 to 19.4 per 100,000. Most of
these deaths were related to firearms, transportation
(involving motor vehicle occupants, pedestrians, bicy-
clists, motorcyclists, and others), or falls.

According to this CDC study, death rates among
males were 3.4 times as high as among females (33.0 per
100,000 males and 9.8 per 100,000 females). Rates were
highest among persons aged 75 years and older, with a
smaller peak among those aged 15-24 years. The lead-
ing causes of TBI-associated death varied with age, with
firearm-related injuries ranking first among persons aged
20-74 years, transportation-related injuries first among
those under 20, and falls the leading cause among per-
sons 75 and older. Rates for males were consistently
higher than those for females: for firearm-related rates
they were 6 times as high (14.5 versus 2.4 per 100,000);
motor vehicle-related rates, over 2.3 times as high (9.9
versus 4.3 per 100,000); and fall-related rates, 2.5 times
as high (3.2 versus 1.2 per 100,000). TBI-associated death
rates for the 1989-1998 period differed by race as well:
per 100,000 they were 27.2 for American Indians and
Alaska Natives, 25.0 for African Americans; 20.1 for
whites; and 11.9 for all other racial groups combined.

Morbidity and Mortality 1In the last decade, CDC has
supported statewide surveillance of TBI-related hospital-
izations and deaths in several states, using standard case
definitions and methods noted above. An epidemiologic
analysis of TBIs occurring in 1994 in Arizona, Colorado,
Minnesota, Missouri, Oklahoma, New York (excluding
New York City), and South Carolina (7) revealed an

annual incidence rate of TBI for the combined population
of 91.8 per 100,000 (age adjusted to the 1990 U.S. popu-
lation). This rate included TBI-related deaths (20.7 per
100,000), leaving an age-adjusted rate of 71.1 per 100,000
TBI-related live hospital discharges. For hospitalizations
and fatalities combined, the median age at the time of
injury was 32 years. The incidence rate was highest among
persons 75 years and older (191.1 per 100,000) and
among persons aged 15-24 years (145.1 per 100,000) (Fig-
ure 6-1). Two-thirds of TBIs (66.7 percent) occurred
among males, with the crude rate among males about
twice that among females (124.1 versus 59.1 per 100,000).

Transportation-related crashes (involving motor
vehicles, bicycles, pedestrians, and recreational vehicles)
accounted for 49 percent of all TBIs in the seven states;
falls accounted for an additional 26 percent (Figure 6-2).
Firearm use accounted for another 10 percent, and assaults
not involving firearms accounted for 8 percent. Nearly
two-thirds of firearm-related TBIs (66.5 percent) were clas-
sified as suicidal in intent. The leading causes of TBI var-
ied by age in the seven states (Figure 6-3); falls were by
far the leading cause among persons aged 75 years and
older (126.6 per 100,000), while transportation-related
crashes led the list for persons aged 15-24 (97.9 per
100,000).

A more recent report describes similar findings for
nonfatal brain injuries admitted to hospitals in 14 states
during 1997 (8).* The age-adjusted TBI-related live hos-
pital discharge rate for this 14-state population was 69.7
per 100,000, with age and sex distributions similar to
those described in the earlier report from seven states. The
more recent report describes differences in age-adjusted
rates of TBI by race, with somewhat higher rates among
American Indians/Alaska Natives (76.7 per 100,000) and
African Americans (74.2 per 100,000) than among whites
(63.0 per 100,000).

* Alaska, Arizona, California, Colorado, Louisiana, Mary-
land, Minnesota, Missouri, Nebraska, New York, Oklahoma,
Rhode Island, South Carolina, and Utah.
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Rates of TBI-related hospitalization and death by age group
and external cause of injury*—seven states,t 1994

* Rates not adjusted by sex.
t AZ, CO, MN, MO, NY (excluding NYC), OK, and SC.

Nonfatal TBIs Not Admitted to Hospitals In the United
States, the NCHS’s NHIS has provided some information
on TBI treated on an outpatient basis (63). In 1991, an
estimated 1.54 million noninstitutionalized U.S. civilians
sustained a brain injury that resulted in loss of con-
sciousness but was not severe enough to cause death or
long-term institutionalization, according to self-reported
NHIS data collected with the 1991 Injury Supplement.
Of these 1.54 million persons, 25 percent received no
medical care for their TBI; 49 percent, care in an emer-
gency department or other outpatient site, and 9 percent,
overnight hospital care; 16 percent were admitted to a
hospital for 2 or more days. The limitations of the sur-
vey methods and respondent recall may limit the accuracy
of these estimates. Data from the NHAMCS of 1995-
1996 may provide a more accurate estimate of the inci-
dence of nonfatal TBIs in which the patient was treated
and released from hospital emergency departments (64).
This analysis indicates an average annual incidence rate
of 392 such emergency department visits per 100,000
population, or about 1 million visits annually.

Severity and Outcome Several measures of TBI severity
have been used in epidemiological studies. The case fatal-
ity rate, which is the proportion of cases resulting in death,
is the simplest epidemiological measure of severity as well
as outcome. In the study of TBI-related hospitalizations
and deaths in seven states during 1994, (7) 22.6 percent of
all reported TBIs were fatal within the acute period of
injury. Of all persons with reported TBIs, 16.9 percent died
without being admitted to a hospital, while 5.6 percent
died while receiving acute inpatient care. The case fatality
rate varies greatly by cause; in this study, 90.4 percent of
firearm-related TBIs resulted in death, but only 10.2 per-
cent of fall-related TBIs proved fatal.

In the analysis of NHDS data for 1980-1995
described earlier, the authors used ICDMAP-generated
ICD/AIS scores to estimate the severity distributions of
hospitalized cases (47). In the NHDS data for the last
2 years of the study period (1994-1995), 52 percent were
mild (ICD/AIS score 2), 21 percent were moderate
(ICD/AIS score 3), 19 percent were severe (ICD/AIS score
4-6), and 7 percent were unknown. The proportion of
TBIs classified as mild among the 1994-95 cases was con-
siderably smaller than the corresponding proportion of
1980-1981 cases and was also smaller than proportions
reported in earlier studies (3). These findings support a
conclusion that persons in the United States with less
severe TBI are now less likely to be admitted to the
hospital.

Incidence of TBI-Related Disability Few studies have
addressed the incidence of TBI-related disability. From
limited available epidemiological data, Kraus estimated
that in 1990 about 83,000 or more U.S. residents were
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disabled by TBI. (3) The CDC published a similar esti-
mate based on 1994 data from the NHDS and
1996-1997 data from the Colorado TBI Registry and
Follow-up System (1, 65). The latter system surveyed TBI
survivors one year after injury and measured long-term
disability with the Functional Independence Measure
(66). NHDS data indicate that during 1994, 230,000 per-
sons hospitalized with TBI survived, and data from the
Colorado TBI Registry and Follow-up System indicate
that approximately 35 percent of hospitalized survivors
of TBI are disabled 1 year after injury (7). Combining
these figures suggests that more than 80,000 persons in
the United States experience the onset of long-term dis-
ability each year following hospitalization for TBI. This
estimate may be conservative, however, because it
excludes the unknown number persons who are not hos-
pitalized after TBI but still experience long-term disabil-
ity as a consequence of their injury.

Prevalence of TBI-Related Disability Despite the recent
publication of reports on the incidence of TBI-related hos-
pitalization in several countries, few reports are available
on the population-based prevalence of TBI-related dis-
ability and relatively little of the published data was col-
lected with sufficient rigor to enable confident estimates.
Most studies of disability occurrence after TBI have
examined series of patients admitted to research hospi-
tals. Such studies, by not including persons hospitalized
in nonresearch and community hospitals, may not be rep-
resentative of the underlying population. In addition, they
do not address the outcomes of TBIs that are treated only
in hospital emergency departments. These limitations
notwithstanding, several of such studies—reviewed in
other chapters of this book—have a sufficiently broad
inclusion of participants to permit important generaliza-
tions regarding outcomes following TBI-related admis-
sion. Such studies document high proportions of patients
who experience long-term sequelae, including substantial
psychosocial and physical disabilities that are often asso-
ciated with cognitive impairments (67).

The information obtained from population-based
follow-up studies in Colorado and South Carolina is
expected to enable more accurate estimates of disability
associated with those TBIs severe enough to warrant hos-
pitalization. In addition, the CDC has provided a provi-
sional estimate of the prevalence of disability from TBI
in the United States, based on preliminary follow-up data
from the Colorado TBI Registry and Follow-up System
and historical and current estimates of national TBI inci-
dence. Together these sources suggest that approximately
2 percent of the U.S. population (5.3 million in 1996)
are living with disability as a result of a TBI. (7) This esti-
mate does not, however, account for disability among
people with TBI who visited emergency departments or
outpatient clinics but were not admitted. Improvements

on this estimate can be expected as more data are
obtained and analyzed from these studies.

Using Severity Indicators in TBI Surveillance to Predict
Outcome The Glasgow Coma Scale score is a widely
used predictor of outcome, both mortality and disability
(68-71), and yet its ability to predict the latter is limited
in the population of TBI survivors who receive rehabilita-
tion (72). Some research indicates that the prediction of
the distribution of TBI disability outcomes in population-
based studies may be improved by supplementing GCS
data with information about computed tomography (CT)
findings (73). Currently, state surveillance programs in the
United States collect both GCS and CT scan data, but
population distributions of severity based on the combi-
nation of these data elements have not yet been published.
Other research has found predictive value in the duration
of post-traumatic amnesia (74-78), and Nell and Yates
proposed an enhancement of the GCS that incorporates a
measure of duration of post-traumatic amnesia in persons
with little or no depression of consciousness (79). Popu-
lation-based studies that describe TBI severity with these
measures have not yet been published; when available,
such studies will help to predict the magnitude of ongo-
ing health care needs among people with TBIL.

Economic Costs Max and colleagues, who analyzed
1985 U.S. incidence and cost data for TBIs that resulted
in hospital admission or death (80), estimated that total
lifetime costs for those injured were approximately $37.8
billion, with 12 percent for direct costs of medical care
(hospital, extended, and other medical care and services);
55 percent, injury-related work loss and disability; and
34 percent, lost income resulting from premature death.
A reexamination of this study that adjusted its estimates
for inflation and more recent TBI incidence data, yielded
total lifetime costs of $56.3 billion for injuries sustained
in 1995 (81). New studies are needed that use recent
healthcare cost data to update this estimate.

Studies of trends in the economic cost of TBI are of
particular interest in pubic health. The Model Systems
Traumatic Brain Injury program, funded by the U.S.
Department of Education’s National Institute on Dis-
ability and Rehabilitation Research, collects data from
multiple centers, enabling trend analyses of the cost of
medical care for enrolled TBI patients. A recent study
indicates that from 1990 to 1996, average daily inpatient
charges in this group of patients increased by 98 percent
for acute care and 41 percent for rehabilitation (82). Dur-
ing this interval, however, these increases were offset by
reductions in average lengths of stay of 42 percent in acute
care and 38 percent in rehabilitation. The authors note
that the steady downward trends in length of stay for both
acute care and rehabilitation raise concerns about dimin-
ishing availability of health care services to persons with
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TBI. The generalizability of their findings is uncertain,
however, because they came from a study population that
was likely skewed toward more serious injuries. Still,
these findings support the need for current population-
based assessments of trends in costs and care for TBL.

APPLYING FINDINGS TO PUBLIC HEALTH:
PREVENTING TBI

The evidence reviewed in this chapter makes clear the
great importance of TBI to public health. Despite progress
in reducing the incidence of these injuries—especially
those associated with motor vehicle crashes (19,46)—the
need for more effective primary prevention programs
remains. To be most effective, such programs must be
guided by current findings regarding the principal causes
of TBI—transportation injuries, falls, and violence—as
well as an understanding of populations at increased risk
and individual risk factors.

Because the primary prevention of TBI occurrence
is incomplete, an effective public health response to TBI
also requires concerted programs to minimize adverse
outcomes and disability. Such secondary and tertiary pre-
vention comprises acute care and rehabilitation of per-
sons with TBI, the subjects of other chapters in this book.
To this end we need comprehensive strategies to ensure
that people with TBI have access to appropriate care and
services and we need effective policies to promote their
independence and integration into the community.

To help persons living with deficits from TBI, we
need better information on the nature and scope of these
disabilities, including who experiences disability, which
rehabilitation treatment methods are most effective, and
what services are useful and readily available. Population-
based follow-up surveillance is needed to provide more
precise information on the longer-term impacts of these
injuries. Standard measures for TBI outcomes need to be
refined so they will readily identify the types of impair-
ment and disability most amenable to prevention through
rehabilitation and social support. Better understanding of
the relationship between the initial severity of an injury
and its long-term outcome will help identify those per-
sons who need ongoing medical care, rehabilitation, and
other services. Such information will also help health
practitioners and policy makers ensure that these services
are available in the community.

SUMMARY

This chapter has reviewed epidemiological measures and
estimates of TBI incidence, severity, long-term outcomes,
and cost. All of these findings indicate that these injuries
have a major impact on public health. Effective primary

prevention programs are needed that are informed by
accurate epidemiologic data regarding causes and the
populations at highest risk. Doing this requires improved
public health data systems that record those TBIs that do
not result in hospital admission as well as those that do.
More basic and clinical research is needed to improve the
acute care and rehabilitation of TBI. Finally, more
epidemiological research regarding TBI outcomes and
disability is needed to develop policies that will ensure
the availability of effective acute care, rehabilitation,
and other services that will minimize disability among
injured persons and promote their reintegration into the
community.
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INTRODUCTION

The intent of this chapter is to review common preven-
tion strategies and their overall effectiveness in this patient
population, with an emphasis on the need for further pre-
ventative measures. The importance of these efforts will
be obvious to readers after the following discussion that
addresses the data on the incidence, severity, and conse-
quences of traumatic brain injury (TBI).

Injury is the leading source of death for Americans
under age 44 (1) and one-third of all injury-related deaths
from 1979 to 1992 were associated with a TBI (2).
Approximately 1.5 million Americans sustain a TBI every
year (3). From 1979 to 1992, 50,000 American deaths and
230,000 hospitalizations occurred annually as a result of
TBIs (2). In addition, each year over 80,000-90,000 peo-
ple develop long-term disability secondary to TBI with
approximately 14 million days of restricted activity sec-
ondary to TBI (4-6). The number of Americans who have
some form of disability as a result of TBI is estimated to
be around 5.3 million (7,8). The annual overall cost to the
United States was estimated to be $37.8 billion in 1985
and $44 billion in 1988 (9).

In 1996, approximately 150,000 children and ado-
lescents were left permanently disabled and in need of
long-term follow-up as a result of unintentional injuries
including brain and spinal cord injury (10). Injury mainly

Primary Prevention

affects the younger population and encompasses more
years of potential life lost than any other cause with esti-
mates yearly totaling 3.5 million years (1). Most individ-
uals who have sustained a TBI are unable to return to
work and if they do return, their work capacity is limited.
The estimated morbidity cost (injury related work loss
and disability) was approximately $20.6 billion in
1985 (9).

There was a decrease in the incidence of TBI related
death and hospitalization from 1979 to 1992. From 1974
to 1986, TBI incidence, morbidity, and death rate was
approximately 50 percent higher than current estimates.
Currently the TBI hospitalization incidence is about
100/100,000 (5). This differs from previous reports rates
of 200/100,000 that were reported between 1974 and
1986 (7,11-13). The decrease may in part be a result of
a decrease in severity of injury, overall change in admis-
sion policies, and a push to treat these injuries in the
outpatient environment as well as possible benefit from
prevention efforts. In 1980, the rate of TBI related mor-
tality in the United States was 24.7/100,000; this had
fallen 20 percent by 1994 to a rate of 19.8, with motor
vehicle related mortality showing the greatest decline.
With various prevention efforts such as use of air bags,
seat belts, and child safety seats, mortality dropped 38
percent from 11.1 to 6.9/100,000 between 1980 and
1994.
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TRAUMATIC BRAIN INJURY VS. OTHER
DISABLING CONDITIONS

TBI has often been called the silent, or invisible, epidemic
(7), a stepchild that has only received minimal public
awareness and dedication of financial resources to its treat-
ment and prevention. This is a grave mistake, as the annual
incidence of TBI is greater than that of the more widely
known conditions of spinal cord injury, breast cancer, mul-
tiple sclerosis, and HIV (See Figure 7-1.). For example,
there are 50,000 deaths per year as a result of a traumatic
brain injury versus 16,273 deaths reported in 1999 as a
result of HIV (14). The mortality rate for HIV has dropped
over the past few years, which can be mainly attributed
to public awareness, dedication to preventative measures,
research, and treatment. The same trend is potentially pos-
sible in TBI if efforts are directed to awareness and pre-
vention. It may take multiple strategies, targeting various
communities, to enhance public awareness (15). Meeting
communities’ individual needs can possibly lead to imple-
mentation of more effective preventative measures.

A Comparison of Traumatic Brain Injury and Leading Injuries or Diseases
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FIGURE 7-1

ECONOMICS OF TBI: COSTS, BURDEN, AND
ITS PREVENTION

There are monumental economic costs associated with
TBI, when one includes both direct medical care and indi-
rect costs such as loss of productivity. It was estimated that
in 1985 the lifetime cost of injury amounted to $38 bil-
lion for those injured enough to result in death or hospi-
talization (9). Ten years later, approximately $260 billion
dollars was spent on injury in the United States (16).
With the growing medical costs in today’s world, the
cost/benefit ratio of a prevention program is an issue of
importance. Some of the more accepted preventative mea-
sures such as Hepatitis B vaccinations in newborns, child
safety belts, bicycle helmets, and smoke detectors have
proven to be very cost effective. Injury prevention programs
vary in their cost effectiveness; however, many of them have
shown their worth. In regards to TBI, programs such as
zero alcohol tolerance for drivers under 21 years of age and
graduated licensing have also proven to be of benefit (1).

A study that examined the time and money spent counsel-
ing families of young children regarding injury prevention
efforts, reported that $13 was saved for every dollar spent
on counseling (17). Emphasis must be placed on commu-
nity education for better public awareness. There appears
to be a correlation between public awareness and the lis-
tener’s educational level and income. This is an important
point in patient education that should not be overlooked
and should be factored into injury prevention programs.

There is a significant need to increase funding for
prevention efforts. This may be problematic as funding
may actually decrease as a result of an increased pressure
to reduce spending by the federal government. As a result,
it is probable that funding from the Preventative Health
Services Block Grant will be reduced, which is a major
funding source for injury prevention programs and
chronic disease prevention (10).

WHAT IS PREVENTION?

Prevention can be subdivided into primary, secondary, and
tertiary prevention. Primary prevention efforts are designed
to prevent the actual injury. Examples of primary preven-
tion include screening tests, fall-proofing homes, traffic laws
and their enforcement, salting of ice-covered roads, and
education on topics such as drinking and driving. Primary
preventative measures has been shown to work with other
conditions. Adjusting workstations for individual workers
have had an impact on decreasing musculoskeletal disor-
ders and injury from their use (18). Secondary prevention
is described as lessening the impact of the damage result-
ing from injury. Examples include engineering methods,
such as automobile seatbelts and airbags, which have had
a significant effect at controlling injury (18). Developments
of advanced trauma care and emergency management ser-
vices are examples of tertiary prevention, with their purpose
being to lessen the secondary sequalae of injury (1).

The USPS Task Force was a large four-year multi-
disciplinary effort to assess various preventative health
measures. The summarized assessment contained 169
interventions in three different areas: screening, counsel-
ing and immunization/chemoprophylaxis. The predomi-
nant finding was that personal health behavior, such as
smoking, diet and exercise, is the main contributor to
mortality and disability. The task force emphasized the
importance of physicians educating their patients while
simultaneously giving them more responsibility for their
own health. It was recommended that various strategies
should be used to counsel the patients including support
groups, written material and audiovisual aids (19).

INJURY CONTROL THEORY

Originally, the general belief was that TBI was a result
of accidents, which implied that all persons had equal
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probability of sustaining injury (20,21). After a review
of TBI epidemiology literature it appears that this may
not be the case. Careful consideration must be made to a
person’s age, sex, and other individual risk factors that
increase the likelihood of sustaining an injury (19). For
example, falls among the elderly may be secondary to
sedatives, antidepressants, lower extremity disability or
balance impairments (5). There has been substantial work
devoted to the identification of people at risk and devel-
oping effective preventive countermeasures (21,22) and
as a result there has been a substantial increase in the sci-
ence of injury control theory over the last 50 years

THE HADDON MATRIX

The Haddon Matrix is a model that divides injury into
various components including a host, vector and the envi-
ronment, both physical and social, that the host and vec-
tor interact within. An elderly person falling on the ice
and breaking their hip can serve as an example. In this
case, the host is the injured human, the vector the age of
the person and the environment is the weather conditions
during the time of injury.

Haddon also identifies three different phases of
injury, the pre-injury, injury and post-injury phases. This
is comparable to the primary, secondary and tertiary pre-
vention efforts mentioned above (1). Using these sets of
variables a table can be created where each cell represents
an area and a temporal component. All the different vari-
ables that contribute to an injury can be placed into one
of the table’s cells.

To best illustrate this concept, consider the factors
related to a motor vehicle accident in the preinjury phase.
Age and alcohol use would be placed in the host pre-crash
or pre-injury cell, the vector would include the condition
of the vehicle and the environmental cell would contain the
roadway design. The cell, which includes the socio-eco-
nomic environment, takes into account the affordability to
the consumer and their safety risks. It would account for
risks associated with purchasing an older cheaper vehicle
without safety features or poorer road handling capabilities.

By studying the epidemiology of injury, efforts can
be made at breaking various injury patterns in the dif-
ferent phases. Potentially the most efficacious way to pre-
vent an injury is to target the vector or injuring agent and
thereby alter the mechanism of energy transmission. Cre-
ating better designed cars, better engineered roads and
improving conditions of the vehicle would greatly impact
Injury prevention.

APPROACH TO HEALTH MAINTENANCE

To address the important issue of health maintenance
there must be a comprehensive approach at controlling

injury and promoting health. It must include passive and
active strategies, education and legislation. Passive strate-
gies include those in which the host does not have an
active role in its use (23). By nature, they offer protec-
tion to a larger percentage of the population and have the
advantage of demonstrating effect without requiring any
effort by the host that requires protection (24). Some
examples of these include airbags, road barriers, finger-
print based gunlocks and car safety engineering. Active
strategies are ones that require the host’s participation,
with the donning of a seat belt, avoiding driving when
under the influence, motorcycle helmet usage and car
seats as examples. Active prevention is dependent upon
the public’s awareness of such measures and their over-
all compliance with them. It may take a tremendous
amount of societal effort to encourage the host to adopt
these active measures of prevention. While this is a dis-
advantage as compared to passive measures, their poten-
tial for increased efficacy makes them potentially both
important and possibly extremely effective when used in
combination with passive measures.

In regards to education, professional health organi-
zations are groups comprised of individuals who have met
a standard of training and whose purpose is to serve the
public. It is only natural that these groups use their posi-
tion and expertise to further educational efforts to edu-
cate the lay community. This can be implemented through
journals, publications and testimonies to legislative
groups. The American Cancer Society, founded in 1913,
is an example of a nonprofit voluntary health agency,
organized to spread knowledge about cancer and is
supported by voluntary donation (25). The Center for
Disease Control is a federal agency responsible for sur-
veillance of communicable diseases in the United States,
investigation of epidemic diseases and promotes immu-
nization and health education programs (18). On a
smaller scale, education at the community and individ-
ual level by both physicians and other health care profes-
sionals must be emphasized as it can have a tremendous
impact on injury prevention (15).

In general, changing human behavior can be a very
challenging endeavor and there is still some controversy
on the appropriate approach. Haddon stated that target-
ing the vector with passive interventions and the envi-
ronment may be the most effective in decreasing death
and injury. This does not negate the potential benefit of
using a combined approach, of active and passive mea-
sures of intervention. An example of this is the use of seat-
belts in combination with airbags. Each prevention
method has shown its benefit, however using both
together has been shown to be more effective than either
one by themselves.

If one factors in legislation, to increase compliance
with active prevention efforts further benefits can be
attained. The states that strengthened existing seatbelt laws
and adopted primary enforcement seatbelt legislation had
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an estimated 79 percent compliance with belt use in 1998.
This was an increase from 62 percent seat belt compliance
in 1992 prior to the addition of primary enforcement leg-
islation (1,26).

DEVELOPMENT OF A COMPREHENSIVE
INJURY PREVENTION PROGRAM

The components critical to development of a compre-
hensive injury prevention program are active and passive
strategies, education and legislation. Engineering solu-
tions are an important component of the passive inter-
ventions and include items such as energy absorbing car
bodies, road barriers and air bags. Active strategies, such
as education, are also critical, both at the individual and
community level (1). Some of the most effective inter-
ventions include hands on demonstrations and rein-
forcement at subsequent visits (27). However, the listener
is more inclined to change their behavior if there is some
incentive to do so.

It has been shown that if only education is used then
the general public may not change their overall behavior
(28). Community based intervention programs combining
education with legislative options has been shown to be
effective in increasing bicycle helmet usage (15). Work per-
formed in three separate Maryland counties explored bike
helmet usage by children under three separate conditions.
In one county, helmet use improved significantly when
education and legislation were combined (43 percent
increase). Another county, which used education alone,
showed only an 11 percent increase, which was not
statistically significant (29). The third county, which did
nothing, actually demonstrated a decreased rate of helmet
use from 19 to 4 percent.

Enforcement of legislation is critical to maximize its
potential benefit, with seatbelts being an example. By
1984 passenger cars were required to have seatbelts, but
only 15 percent of people used them while driving. By
1987 education combined with seatbelt legislation
increased this rate to 42 percent. This was further
increased to 62 percent when secondary enforcement laws
were enacted for nonuse. A secondary enforcement law
is one that allows the giving of a citation when the dri-
ver has been pulled over for another traffic offense. This
rate stayed the same through 1998 in the states that used
secondary enforcement laws. When some states increased
legislation and enforcement efforts with the enactment of
primary enforcement legislation, which allowed ticketing
when the only infraction was seatbelt nonuse, compliance
increased to 79 percent (26).

In summary, a comprehensive approach to injury
control including active and passive measures, education
at both the community and individual level and appro-
priate legislation is the most efficacious way to facilitate

injury prevention. It is necessary to take a multifaceted
approach, targeting as many components of the Haddon
Matrix as possible to promote injury prevention.

MOTOR VEHICLE

To begin the exploration of TBI prevention efforts, it is
most fitting to approach this issue by examining the lead-
ing cause of TBI in the United States: motor vehicle acci-
dents (7). Motor vehicle accidents are the most common
cause of brain trauma in the United States and are respon-
sible for approximately half of all brain injuries each year
(30). The prevention strategies that have targeted motor
vehicles have resulted in a decreased occurrence of trans-
portation related brain trauma. There has been a 38 per-
cent decrease in motor vehicle related deaths from 1980
to 1994 (7). In 1970, there were 4.6 highway fatalities per
100 million passenger miles traveled. This number
dropped 50 percent to 2.3 fatalities per 100 million pas-
senger miles by 1989 (31). The reason for this reduction
in fatalities is multifaceted and includes airbags, seatbelts,
safety features and a higher legal drinking age, all of
which will be further addressed in this discussion. Trans-
portation related TBI prevention efforts could be
approached, using both passive and active methods and,
as with other preventative measures, the more compre-
hensive the approach, the better the overall effectiveness.

AIRBAGS AND SEATBELTS

Airbags are designed to rapidly and automatically deploy
during a frontal vehicle collision with the intent of creat-
ing an absorptive impact barrier between the vehicle’s
occupants and the automobile’s front interior paneling.
This barrier allows for the safer transfer of energy that
occurs with impact. An airbag is deployed after the vehi-
cle either comes into contact with a fixed obstacle, such
as a brick wall, at 15 miles per hour or when it collides
with an equally sized vehicle at 20 to 30 miles per hour.
The entire cycle of deployment and subsequent deflation
of airbags occurs within one second. It takes merely
1/20th of a second to inflate after impact with the defla-
tion portion beginning within 4/20th of a second. The
advantages of this rapid cycle lie in the ability of the driver
to maintain control of the vehicle and also prevent trap-
ping of passengers (32).

Advocacy for airbags has resulted in their installation
as standard equipment in all passenger cars. Jagger has
stated early in the 1990’ that making airbags standard
equipment would be of greater benefit in the prevention of
TBI than any other prevention method (30). She surmised
that of the number of patients admitted to a hospital who
had acquired TBI, 25 percent could have been prevented
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by the use of airbags. While they have been of some ben-
efit, Jagger’s prediction has been somewhat off the mark
as will be discussed later in this section.

Airbags are designed to protect against frontal
impact collisions and are not designed to prevent ejection
from the vehicle, a major cause of vehicle collision mor-
tality, which requires seatbelt usage to prevent. Another
issue, is that they were designed to be effective with
frontal injuries and are less beneficial with impact that do
not occur between 11 and 1 O’clock with 12 O’clock as
direct head on collision (32). Newly developed side
impact bags are being introduced into the market that
provide much needed protection against side and rear
impact collisions and vehicle rollovers. The issue of side
air bags is important because it is thought of as an impor-
tant way of protecting the torso in a side impact collision.
It is an alternative to padding as it occupies less space in
the car. There are still challenges with perfecting this
method of prevention such as the timing of deployment
of the bag and length of time for inflation. The best loca-
tion of deployment also needs to be determined to mini-
mize the risk of injury, particularly those of the upper
extremities (33). It is important to ensure that the bag
does not deflate too rapidly and become stiff because as
the volume of the bag decreases, it automatically gets
stiffer (34). Women are particularly vulnerable as they
tend to sit closer to the steering wheel. One must be care-
ful in the design of an airbag system as excessive stiffness
may result in head injury (35). It is also difficult to make
a side bag that would be appropriate for all torso sizes.
It was suggested by Parkin et al. that the ideal “smart”
restraint system would be programmed for the sex and
age of the patient. The literature is yet to determine if side
airbags will prevent brain injury. They continue to hold
promise as frontal airbags are not foolproof and have lim-
itations in the area of the body that they protect and the
type of collision it protects against. Further research in
this area is both exciting and still warranted.

The combined utilization of seatbelts and airbags
has been proven to be the most protective. In the National
Highway Safety Administration’s Third Report to Con-
gress in 1996, airbags were reported to reduce fatalities
in pure frontal crashes, excluding rollovers, by 34 percent
and 18 percent in near frontal collisions. In this analysis,
the fatality rate using airbags alone was reduced by
13 percent taking all crashes into consideration. This is
in comparison to a 45 percent reduction rate using lap-
shoulder belts alone and 50 percent reduction using both
modalities (32).

The National Highway Traffic Safety Administra-
tion’s Crashworthiness Data System reported interesting
information regarding the efficacy of airbag and seatbelt
use in moderate and severe injuries. Tests studying the
effects of airbags alone did not demonstrate a statistically
significant result as moderate and severe injuries were

reduced by merely 18 percent and 7 percent, respectively,
when looking at all organ systems. This was in sharp
contrast to the reported reduction of 49 percent and
59 percent with the use of a lap-shoulder belt system. Inter-
estingly, the combination of both systems reduced risk by
60 percent. From this information one might conclude that
airbags provide very little added benefit to the use of lap-
shoulder belt system restraints. However, while injury
severity to different body systems must be taken into con-
sideration, TBI has been shown to be the major source of
mortality in the multiple trauma occupant (36). With this
in mind, a restraint system that protects against head and
brain injury is of great importance. The use of manual lap-
shoulder belt and airbags in combination resulted in an 83
percent and 75 percent reduction in moderate and severe
head injuries, respectively. This data is significant when
compared to the risk reduction of 59 percent and 38 per-
cent with the use of a lap-shoulder belt alone. Although
much of the risk reduction results from the use of the
lap-shoulder belt alone, it is important to realize that lap-
shoulder belts must be “used,” which differs from the
automatic deployment of an airbag restraint system.

The preventative benefits of seatbelts and airbags are
clearly demonstrable. However, there have been a num-
ber of injuries associated with their use. Some of these
injuries include spinal, brachial plexopathy, liver lacera-
tions, small bowel tears, traumatic hernias, aortic tears,
ocular and facial trauma, neck sprains, kidney trauma,
sternal fractures, lung perforation, and placental/fetal
injury (37-535). Airbags have also been reported to cause
a number of injuries including skull fracture and facial
injury (56-58), ocular trauma (59-63), burn injuries
(64-66), reflex sympathetic dystrophy (67,68), extremity
fracture (69, 70), chest injuries, spinal injury (71,72), ear
and hearing loss (73,74). There is substantial evidence
that children are most susceptible to injury due to airbag
deployment (59,71,75-81). These injuries have been
severe and even fatal in situations where children have
been both properly and improperly positioned (59,71, 75,
80,82,83). Efforts are currently underway to ensure that
the protective benefits of airbags are extended to include
children.

MOTORCYCLES

TBI due to motorcycle accidents is a serious problem in
the United States. Although motorcycle accidents account
for only 6 percent of all related transportation accidents,
it may very well be the most dangerous form of trans-
portation (84). There have been nearly 10,000 deaths
related to motorcycle accidents from 1989 to 1991(85)
with an additional 15,000 motorcycle deaths associated
with head injury from 1979 to 1986 (21). A fatality rate
of 1.2/100,000 and a hospitalization rate of 24.7/100,000
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were reported in a study from Connecticut with 22 per-
cent of injuries occurring to the head, brain, or spinal
areas (86). Comparatively, a study reported from New
Zealand found a higher mortality rate of 3.6/100,000 and
hospitalization rate if 80.4/100,000 related to motorcy-
cle accidents (87).

Factors related to motorcycle fatalities include driver
error (76 percent), most commonly excessive speed (21),
failing to wear a helmet, and elevated blood alcohol lev-
els. Amongst all methods of transportation, alcohol seems
to be the greatest problem for motorcycle drivers with a
study finding that they have the highest rates of both alco-
hol use and legal intoxication (88).

Probably the most critical mitigating factor relating
to TBI and fatalities due to motorcycle accidents is the
utilization of helmets. A study in 1982 reported that a hel-
metless rider has a 2.3 times greater likelihood of having
head, neck, or facial injury and are 3.19 times as likely
to suffer a fatality than those who wear helmets (89).
Bachulis et al. (90). found the rate of brain injury to be
double and severe brain injury six times more likely in
helmetless riders. Similar findings were reported by
Gabella et al. (91). with brain injury occurring 2.5 times
as often in riders without helmets. The benefits of hel-
met use laws have also been demonstrated. After the
implementation of a mandatory helmet law in Spain a
25 percent reduction in fatalities due to motorcycles
related accidents was observed (92), as well as a decrease
in injury severity, shorter hospital lengths of stay and bet-
ter outcomes. Similar legislation passed in Taiwan
resulted in a 33 percent reduction in head injuries (93).
Similar findings have been reported from other areas of
the world after mandatory helmet laws were enacted. The
overwhelming result of this legislation has led to a
reduced rate of overall fatalities, TBI related fatalities,
overall TBI incidence, injury severity (92-99), length of
hospitalization (96,97). and overall cost to society
(96,97,100).

Despite this strong evidence from countries around
the world, there are still a number of states across the
United States that have not enacted mandatory helmet
laws. In 2001, there were three states with no helmet leg-
islation, 27 states with helmets required solely for teenage
riders and only 20 states with mandatory helmet use for
all motorcycle riders (100). Many states have had manda-
tory helmet laws in the 1970s that have since been
repealed or revised.

In 1967, the Federal Government required states to
pass a motorcycle helmet law in order to continue to
receive federal safety funds. As a result, by 1975, 47 states
had passed legislation requiring the use of helmets. How-
ever, as opposition mounted against the use of helmets,
Congress overturned the helmet requirement. Following
this action, more than half of all states with mandatory
helmet laws revised their laws (101), with a resultant

decrease use of helmets in those states. Within 9 months
of the repeal, the states of Texas and Arkansas saw a
decline in helmet usage from 97 percent to 66 percent and
52 percent, respectively. There was a concomitant
increase in overall motorcycle injuries, head injuries, and
an increased proportion of those injured having suffered
head injuries according to data obtained from the
Arkansas Trauma Registry (101). This trend was also seen
in Miami Dade County with an increased incidence of
TBI and fatalities in the post repeal era that saw helmet
usage dropping from 83 percent to 56 percent (102).
Bledsoe et al. (103). reported on the Arkansas experience
of helmet law repeal. A 6-year retrospective review of the
trauma registry compared the results of the three years
prior to repeal as compared to the three years afterwards.
There was no statistical change in total and fatal colli-
sions; however there was a major increase in nonhelmeted
deaths at the scene of the accident. The nonhelmeted had
significantly higher Abbreviated Injury Scores involving
the head and neck, more expensive, longer ICU stays and
substantially higher nonreimbursed hospital charges.
This of course was a cost borne by the remainder of the
community.

As mentioned above, the financial costs to society
following the repeals of mandatory helmet laws have been
substantial. A study in Texas concluded the median cost
of motorcycle related injury increased 300 percent to
$22,531 per event, with TBI costs increasing 75 percent
to over $32,000. Most of these costs exceed limits set by
insurance coverage and, so, the financial burden often
falls on society (104).

Another issue that also arises is the relationship
between alcohol and motorcycle driving. Since handling
a motorcycle requires more coordination and judgment
than driving a car, there may be a need to lower the blood
alcohol level that classifies a motorcyclist as being under
the influence. This is supported by a study that examined
the blood alcohol levels of drivers of motorcycles and cars
brought to trauma centers, with the motorcyclists having
lower levels (105). This may indicate that a lower level
of acceptable blood alcohol levels may be needed to deter-
mine when a motorcyclist is considered to be under the
influence.

ROADWAY DESIGN

Accident prevention can also be achieved by identifying
hazardous road locations with specific collision patterns.
Various approaches can be used to correct these accident-
prone areas through road engineering and technology.
The first step in this area was in the 1930’s when skidding
resistance was added to wet roads (106). It was not until
20 years ago that a major movement in developing
safer roads was initiated. The Road Safety Code of Good
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Practice was a publication from the Local Authority Asso-
ciations that included engineering in addition to educa-
tion and enforcement, the three E’s, for better road safety
(107). One study attempted to identify crash problems on
various urban arterial streets in Washington, DC (108).
Data was retrieved from police reports of a total of 2013
crashes. The locations that had a large number of crashes
were analyzed to identify pre-crash movements and travel
directions of the crash — involved vehicles. It was found
that, at some intersections, drivers had difficulty turning
left from a private driveway whereas some intersections
had extremely high traffic speeds with crashes likely to
occur at the end of a ramp. Left turn signals were not pro-
vided at some of the intersections. Based on the analysis
of the accident data recommendations were then pro-
vided. Changes made included the addition of left turn
signals, prohibition of left turns from a driveway,
improvement of storm drainage, increased pavement skid
resistance as well as the initiation of pavement milling. It
was also noted that stopped buses obstructed drivers’
visual fields. Relocating bus stops, as well as removing
large fixed objects, was a simple intervention that was
effective in reducing accidents.

Sabey suggested that the use of four investigative
techniques could be the foundation for intervention and
treatment of the problem. These four areas included sin-
gle sites where accidents cluster or “blackspots”, mass
action or locations that have common accident factors,
route action or lengths of road with above average acci-
dent rates and area action including areas requiring a
more global approach aimed at dealing with scattered
accidents. He also provided examples of proposed treat-
ments for each of the four variables. For instance, route
action could be addressed with road marking to deter
overtaking, increasing skidding resistance or installing
roundabouts at key junctions to provide access to adja-
cent neighborhoods. In one trial of a 3km road with a
large number of accidents per year, a roundabout was
added as well as a new light to control crossings in addi-
tion to right turn bans. This resulted in a 12 percent
reduction in accidents that resulted in injury (106).

Rear end collisions can also be reduced by engineer-
ing methods. In British Columbia, road factors account for
about a third of collisions (109). The Insurance Corpora-
tion of British Columbia (ICBC) has provided funding for
road improvement programs and countermeasures for rear
end collisions since 1993, with the amount of funding from
the ICBC having been increased substantially from 1993
to 1996. Some interventions that resulted from this move-
ment included creating left or right turn lanes in areas
where there are a large number of turning vehicles, accel-
eration/deceleration lanes, medians with turn protections,
prohibiting turns and/or providing a special phase for
left turning vehicles. These interventions resulted in a
decrease of rear end collisions by 20-40 percent (109).

Simple techniques such as enhancing signal visibility also
resulted in a decrease frequency of rear end collisions.

Speed bumps may be of value but this is controver-
sial. Some argue that alone they may not reduce a driver’s
speed but may be effective if used in combination with other
traffic control techniques (110). Further studies are still
warranted. Other intervention methods such as matured
in-service red light cameras (RLC) at T-intersections have
also shown to result in an increased stopping frequency at
these junctions. One study looked at three T-intersections
in Singapore and found that the odds ratio to stop when
approaching a camera was slightly higher than 17 times
that if there were no camera surveillance (111).

The “three E’s” education, engineering and enforce-
ment are all important parts of injury prevention.
Although there have been improvements noted in the roads
over the past few years, there is still a need for further
efforts, including assessment and treatment of accident-
prone locations. There still is a strong need for further
funding and legislation in this critical area of injury pre-
vention in the United States.

FALLS

Falls have consistently been identified as the second most
common cause of TBI (11-13,112-115). They occur in
the greatest number among young children under the age
of 5 and in the elderly (21). Younger children have a much
larger head-to-body ratio and thus the head strikes the
ground more frequently during play (116). Also as a
result, a fall of only a few feet can have serious conse-
quences in young children (117). Over two decades ago,
falls from extreme heights accounted for 12 percent of all
unintentional traumatic deaths in New York City chil-
dren. Overall, in the United States, it has been estimated
that falls comprise almost 9 percent of pediatric trauma
deaths (118). Benoit et al. demonstrated that falls
accounted for 41 percent of admissions to a suburban
hospital for children age 0 to 14 years of age (119). Turn-
ing our attention to the elderly, fatalities as a result of TBI
are most common over age 75 and falls are the number
one cause of TBI in the elderly (7). Jagger et al. found that
there was a stable pattern of occurrence of fall related TBI
up to about 59 years old. Between the ages of 60-69,
there was a dramatic rise in the occurrence, which con-
tinued to rise in those 70 years old and older (13). The
financial burden from falls is enormous. In 1994 the esti-
mated cost in the United States from falls approached
$20.2 billion (120).

Efforts at fall prevention have been effective with
legislation and education. In 1972, the New York City
Department of Health developed a health education pro-
gram termed “Children Can’t Fly.” This initiated install-
ment of window guards in all New York City apartments
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that had children less that 11 years old residing in them.
This resulted in a 96 percent decrease in falls from win-
dows after implementation (118). The use of safety
devices for windows in suburban areas has also shown
to be helpful (119). There have been positive results in fall
prevention both abroad such as in Sweden (121), as well
as in American urban neighborhoods (122,123).

The issue of playground related falls can be
addressed by the use of protective surfaces including
adding a safe 12 inch border of a soft material such as
wood chips, and sand or rubber around the play area
(123-125). Adult supervision and education of the par-
ents is still critical. Educational efforts directed at both
children and the communities have also been shown to
have benefits (126,127).

Fall prevention in the elderly requires several strate-
gies that often require a doctor’s input. Physicians must
identify various factors that may contribute to falls in the
elderly population. Miller et al. (128), mentioned four
common issues that have been implicated in increasing
the risk of falls in the elderly. They are postural hypoten-
sion, gait and balance instability, polypharmacy and the
use of sedating medications. Other host related factors
that have been associated with falls include muscu-
loskeletal or neurological abnormalities, visual distur-
bances, dementia (129) and frailty (130).

Balance deficits in the elderly appear to be related to
the deterioration of various input systems necessary for
postural control. It has been demonstrated that in sub-
jects over 70 years of age, there is a 40 percent reduction
in sensory cells of the vestibular system (131). These
elderly adults are more likely to fall if other systems
required for postural control, such as vision and propri-
oception, are impaired (132). Impaired balance in the
elderly can also be attributed to multiple deficits in the
neuromuscular system. It has been consistently shown
that disuse atrophy; motor weakness, deconditioning,
abnormal tone and posturing contribute to impaired bal-
ance in the elderly (133,134). There may be generalized
slowing of central-processing areas in the elderly that
involve integration and coordination of multiple inputs
and outputs in the brain including the motor cortex, basal
ganglia, and cerebellum (133). Lesions within these path-
ways, such as that sustained by an ischemic stroke or
intracerebral hemorrhage, may compound the problem.
It is also important to realize that approximately one third
of patients with severe closed head injury experience
subsequent postural imbalance due to disruption of these
various pathways (135).

Assessing patients for balance dysfunction is an
Important component in prevention. Various measures at
measuring body sway have been looked at for reliability
and repeatability in assessing our elderly population.
One method, such as the posturographic quiet standing
test, has been referred to in the literature. Helbostad et al.

evaluated subjects after asking them to stand as still as
possible for thirty seconds. Task conditions were per-
formed in random order amongst the subjects and
included both eyes open or closed, wide or narrow stance
and firm or compliant surface. Some patients were also
asked to perform a cognitive task. It appears across all
domains one can consistently and appropriately assess the
frail elderly with repeated testing. Clinicians need to
develop simple assessment measures, such as those
described, that can be taken into the office setting. In this
manner clinicians can initiate preventative measures once
frail elderly patients at risk for balance instability and falls
are identified (136).

Prevention must then be aimed at the various con-
tributing factors. Balance training in physical therapy can
be directed at lower extremity strengthening as well as
proprioceptive and visual system training with repetitive
feedback and continual cueing. Various approaches have
been tried to enhance balance in therapy. The utilization
of force-plate biofeedback system to improve standing
ability has been reported to have positive effects (137).
There is no standard physical therapy program or pro-
tocol for balance training and more research in this area
is warranted. In addition to targeting the physical aspects,
one must address a common, iatrogenic and possibly
avoidable cause of balance impairment in the aged pop-
ulation and that is identification of polypharmacy. It
appears the prevalence of inappropriate medication use
in the elderly appears to be 20 percent in both the US and
various countries in Europe. The result may lead to bal-
ance instability, sedation and confusion in our elderly
population. Physician awareness of those at increased
risk, such as elders treated with psychotropic medications
and those with depression is important as it allows
us to target modifiable variables as well as to avoid inap-
propriate prescription writing. Physicians must con-
stantly readdress prescription medication to avoid both
inappropriate use and polypharmacy (138). It is impor-
tant to review all medications and try to decrease or
eliminate the medications that may not be absolutely
necessary (139).

The environment plays an important part in falls of
the elderly. Speechley, M & Tinetti, M (130). found in a
sample community of elderly persons that 15 percent of
fallers did not have a chronic intrinsic risk factor and
would not be considered frail. It appeared that environ-
mental risk factors played a major role in the robust
elderly population of fallers. Thus the elderly population
must be counseled on safe performance of certain physi-
cal activities, such as climbing stairs and ladders and
avoiding hazardous obstacles around the house such as
throw rugs. The national bureau of standards has iden-
tified various household factors contributing to falls in
the elderly. It was estimated that highly waxed floors,
loose rugs, sharp furniture, poor lighting or problems
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with tubs and showers have contributed to 18-50 percent
of falls (21). One study demonstrated that 10 hours of
non-skilled time and $93 of supplies per person was all
that was needed to make an elderly person’s environment
substantially safer (140).

Physicians can play an important role in fall pre-
vention, especially after a first fall. More aggressive efforts
at assessing the cause of falls are needed by physicians.
Risk factors for osteoporosis should be identified as low
bone mineral density (BMD) has been shown to con-
tribute to falls. BMD screening must be considered in high
risk patients such as chronic steroid users, those with a
sedentary lifestyle and patients on antiepileptic medica-
tions. In one study, approximately 75 percent of women
have never been screened for bone loss and less than 1/3
ever received recommendations for BMD screening.
Osteoporosis prevention strategies including calcium sup-
plementation can then be initiated when appropriate. It
has been shown that most people in the US have inade-
quate calcium intake, making education with each visit
necessary in our clinics. Education on the reduction of
alcohol and caffeine intake in addition to the encourage-
ment of weight bearing exercises should also part of our
management plan. It is also important to address hor-
mone status in addition to frequency and dose duration
of steroids in chronic steroid users (141).

SPORTS AND RECREATIONAL INJURY

Recreational and sporting activities can be a significant
cause of TBI with the majority of injuries being concus-
sions (11,12,21,113). Unlike musculoskeletal training
the brain cannot be conditioned to withstand the energy
assault that is the cause of concussion (142). Therefore
preventative efforts must instead be directed at improv-
ing equipment safety, behavior of the athlete, develop-
ment of rules to mitigate risks and rigorous enforcement
of rules and regulations to promote safety and prevent
injury. This includes proper equipment design such as
helmets for contact sports, sport rules that discourage
dangerous activities and training and educational efforts
for coaches and participants.

CYCLING

Bicycle related TBI is a significant concern given their
large numbers each year. Every year 1,300 people die
from bicycle related accidents, almost half of them under
21 years of age (120,143). Financially, the cost of non-
fatal bicycle injuries in children under 14 years of age
approaches $113 million every year (120). Fife et al. in a
study conducted in Dade County Florida found that
serious injuries related to bicycle riding were sustained

in 676 out of 1,252 total injuries. Almost half of the seri-
ous injuries were located in the head and neck region
(144). In patients admitted to a hospital secondary to a
head injury the risk of death was 20 times higher for those
who were not wearing a helmet (145). Spence et al. (146).
evaluated fatal bicycle accidents in children aged 0-15
years old in Ontario from 1985-1989. They found that
70 percent of the accidents were a result of the cyclists
themselves. In a similar study, the cyclist was responsible
for 78 percent of all bicycle accidents with the major
errors reported as riding through a stop sign (22 percent)
and emerging from a minor road without caution (27 per-
cent) (147). It was pointed out by Spence et al. that chil-
dren this young might not have the psychomotor skills
to ride safely in traffic. Instead the goal should be to pre-
vent these children from riding on busy streets.

The most effective way to immediately protect the
cyclist is to have him wear a helmet. In five case controlled
studies that were reviewed, the data demonstrated that
wearing a bicycle helmet had a large impact on reducing
the risk of head or brain injury during a crash or colli-
sion. Estimates regarding the effectiveness of helmet use
is that they decrease the risk of brain injury by 88 percent,
severe brain injury by at least 75 percent and facial injury,
particularly in the upper and mid facial regions, by 65
percent (148).

Thompson et al. (149). performed an extensive review
of the literature to evaluate risk reduction for cyclists and
helmet use during riding. The authors found that helmets
were beneficial in the reduction of head, brain and severe
brain injury in all age groups and included not only bicy-
cle injuries but also motor vehicle and other types of
crashes. The reduction in risk was estimated to be approx-
imately 70 percent. This is a conservative value when com-
pared to the numbers suggested by Koplan et al. in their
CDC sponsored work, which reported a risk difference of
85 percent for head injury and 88 percent for TBI (120).

Helmet usage is only one component of the Haddon
Matrix in regards to cycling injuries. As stated previously,
a comprehensive approach is the most effective interven-
tion for injury control and this must be incorporated for
bicycle injuries. Passive measures such as helmets, road
engineering, bicycle lanes and speed bumps must be
employed (120). Active strategies such as modifying
cyclists behavior and counseling children on safety skills
while riding must be aggressively pursued. Helmet use
should be mandatory for all child cyclists and legislation
is still warranted in all states given its overall effectiveness.

BOXING

As expected the sport of boxing where the participants
attempt to give each other concussions has the highest
rate of TBI. Atha et al. (150). compared the blow thrown
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by a top quality heavyweight to a 13-pound mallet swung
at 20 miles an hour. In this sport record keeping in regards
to brain injury has not been as precise as in football but
between the period of 1945 and 1979 there was docu-
mentation of 335 deaths from boxing related head injury
(151). In one report, the incidence of TBI in professional
boxers was estimated to be approximately 20 percent
(152).1In 1983 it was reported that minor head injury rate
for amateurs was 5 percent which increased to 6.3 per-
cent at the professional level (153). Fatalities at both levels
are substantial (154). Various risk factors that have been
identified that increase the chances that a boxer will sus-
tain brain injury include career length, number of bouts,
poor showings in the ring and apolipoprotein (APOE)
genotype.

There has been an increase in the public’s aware-
ness of boxing related brain injury with Muhammed Ali’s
illness over the years. Various preventative measures have
been attempted such as guidelines for determining when
a player should return to play after a head injury. For
instance, The National Amateur Athletic Union (AAU)
Junior Olympic Boxing Program specifies the length of
time a participant must remain out of competition after
a knockout. Wilberger and Maroon. noted that the New
York State Boxing Commission enforced a mandatory
suspension of 45 days for mild concussions and 60 and
90 days for moderate and severe concussions (151).
A problem identified with professional boxing is that
there is not enough consistency between the various
states. A boxer who has been suspended in one state may
be able to participate in another state without any restric-
tions. Other preventative measures such as changes to
increase ring safety and improved monitoring by the ref-
eree and an on site physician have resulted in decreased
mortality (154). There is a strong need for physicians to
take a more active role in education of both the amateur
and professional athletes as well as all others such as all
referee’s and ring side physicians. LeClerc and Herrera
(155) have suggested that physicians must take an active
role in educating the public regarding the risks of boxing.
Their statement,” a watchful agnostic position among
sport physicians is no longer justifiable” is a call to arms
for health care providers to work diligently to educate the
public concerning the dangers of boxing. While abolish-
ing boxing may be an ultimate, but unrealistic goal, one
must at a minimum strongly advocate for even greater
safety measures (21).

FOOTBALL

The game of football has been associated with an
increased risk of sustaining a TBI. The National Foot-
ball Head and Neck Injury Registry reported 59 intracra-
nial football injuries that resulted in death between the

years of 1971 and 1975. In 1974, Blyth and Mueller (156)
reported that while TBI accounted for only 5 percent of
overall football injuries it accounted for 70 percent of the
fatalities, with 75 percent of them occurring during tack-
ling. The estimates for football related TBI are up to
250,000 concussions and 8 fatalities every year nation-
ally. From 1985 to 1994, high school players sustained
81 percent of head injuries and 100 percent of cervical
spine injuries (157). Furthermore, up to 20 percent of
high school football players sustain a concussion per sea-
son played (1,158,159).

Given the popularity of the sport and interest to play
among high school athletes, it is a sport that will likely
continue to have many fans and participants. The focus
must therefore be on injury prevention in addition to
good clinical judgment in removing players from play at
the greatest risk. The highest percentage of head and cer-
vical spine fatalities associated with football was between
1965 and 1974. There was a significant decrease in head
fatalities from 19835 through 1994 representing 5.4 per-
cent of the fatalities from 1985 to 1994 (157). This is
attributed to the multidisciplinary team involved in the
football family including coaches, administrators, athletic
trainers, physicians, national organizations; all of whom
have provided education and public awareness.

Prevention efforts utilized for football have been
effective. The issue of legislation and enforcement as well
as passive and active strategies should again be revisited.
With immediate punishment and consequences from ille-
gal plays called by the officials, illegal dangerous plays
can be discouraged and their incidence greatly reduced.
There was a key rule change in 1976 that played a role
in reducing head and spine fatalities. The rule prohibited
initial contact with the helmet, also known as “head
butting”, or face mask, also known as “face tackling”,
when tackling or blocking. Tackling was responsible for
40.6 percent of all head fatalities from 1985-1994 and
it is therefore imperative to adhere to this rule as a vio-
lation of it may result in a serious injury (157). There have
been other important preventative efforts associated with
football which include preseason conditioning, safe use
of equipment and training for proper technique (160). In
addition, proper fitting of helmets and physician evalua-
tion post injury are also key components to any preven-
tion program (21).

Second impact system is a potentially fatal compli-
cation that can result from repeated injuries prior to
recovery from previous injury. It is important to mention
this syndrome in the discussion of football related injuries.
It may be missed clinically and appear as a minor injury
but can be associated with massive cerebral edema, resul-
tant brainstem compression and possible death (161).
There are very few warning signs that would clue a physi-
cian to make the diagnosis of second impact syndrome.
It is therefore important to abide by guidelines published
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by the Colorado Medical Society regarding assessing con-
cussive symptoms during play. These are considered the
best guidelines for return the play post concussion (158).

SOCCER

Another major sport that can account for a significant
number of TBI is soccer or football to the rest of the non
North American world. It has been estimated that head
injuries account for between 4 and 22 percent of soccer
injuries (162). Soccer is increasing in popularity and is
considered to be the most popular sport worldwide.
There were more than 40 million amateur participants
noted in 1989 (163). Due to the large number of partic-
ipants worldwide, the number of potential injuries can be
significant, even if the rate of injury, may be lower than
that of other higher contact sport (164). There is one
Australian study the estimated injury rate occurred 96 per
1000 player hours (165). In Sweden, soccer is the num-
ber one source of recreational related injury with a rate
of 39 percent reported (166). Data collected in Norway
over an eight-year period, noted that 45 percent of all
sports related head injuries were accounted for by soccer
(167). Tysvaer and Storli looked at 69 active soccer
players and 37 former players of a Norwegian national
team and found that one third of the players had central
cerebral atrophy and 81 percent had some form of neu-
ropsychological impairment (162,168,169). Dvorak et al.
have worked out both a risk analysis for prediction of
injuries and the development of a prevention program
focusing on the trainers, medical professionals and play-
ers. Recommendations included structured training,
better medical supervision, player reaction time, rule
design and enforcement that could result in an overall
decrease in injury (170).

The use of controlled head contact with the ball is
an important part of soccer. Some would argue that it plays
a major role in TBI but this remains a controversial issue
(1). It has been shown that older leather balls absorb water
and increase the weight of the ball by 20 percent or more
making them more dangerous (171). Soccer balls are now
made of waterproof synthetic leather covered with ure-
thane which repels water, which has decreased the injury
potential (172). Head gear that has been designed to pro-
tect players playing soccer has been of limited value (173).
A review of the literature has suggested that heading the
ball plays a very small part of in soccer related TBI. Instead,
accidental unplanned contact against goalposts, head to
head contact, elbow contact and a ball kicked directly at
the head are more likely to be the source of problems
(1, 174). Tysvaer and Storli also noted that the younger
players with less experience heading the ball had greater
EEG, radiographic and neuropsychologic changes than
their older more experienced counterparts (162).

Prevention efforts therefore should be directed to bet-
ter training techniques, proper coaching, adhering to
return to play guidelines, medical supervision post injury,
rule changes and enforcement. These strategies would min-
imize unintentional head contact. The use of protective
headgear by goalies and development of better head pro-
tection would also add to better injury control (172,174).

HOCKEY

Another sport that can be extremely rough and place the
player at a high risk of TBI is hockey (175). Studies have
estimated that the range for the incidence of head and
neck injuries, excluding facial lacerations, was 6.3 per-
cent to 45.12 percent (176,177). As in football the vast
majority of these injuries are concussive in nature. How-
ever, in contrast to football, where most injuries occur at
the high school level, hockey injuries occur throughout
the spectrum of competition; including small children,
high school, college and the elite professional teams (178).

The majority of injuries occur during checking, both
legal and illegal (179,180). In one study it was found that
57 percent of children with ice hockey related injuries
resulted from checking and that more than half of these
injuries were considered significant (180). It was also
found that the children were not educated on safety and
injury prevention as 45 percent of the children reported
that they could not sustain a TBI with a helmet on.

Attempts have been made at decreasing injury asso-
ciated with the game of hockey. There was some thought
previously that the use of face masks in hockey players may
increase head and neck injuries because the players were
more aggressive during play once the mask was on. This
has proven to be a fallacy. In one study it was found that
there was no significant increase in head and neck injuries
with the use of face masks and there was an overall
decreased incidence of facial lacerations (181) There have
been other reports that mandatory facemasks reduced both
facial injuries and TBI (178,182). It has been demonstrated
that more hockey injuries occur early in the season, late in
the periods and in the final period of games suggesting that
conditioning may assist in injury prevention (183).

Education at the younger level is imperative and the
emphasis should not be entirely on winning. In one study
it was alarming that almost a third of the children would
check illegally to win and 6 percent would intentionally
injure another player to win (180). Parental attitudes
should encourage nonviolence so these behaviors can be
learned by their children and taken into adolescence and
adulthood.

On the professional level, statistics show that in the
Stanley Cup Finals the team with the least penalties
secondary to violent behavior win the majority of the
series (184).

67
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In summary, sport related injuries account for a sig-
nificant number of head injuries, which can be severe,
fatal, result in long-term debility and/or be the cause of
the termination of a player’s career. It is important to
stress a multifaceted approach to prevention of injury
including education, rule enforcement, improvement in
safety equipment and better-conditioned athletes with
encouragement of nonviolent behaviors.

VIOLENCE AND SUICIDE

Violence in the United States is a major cause of morbid-
ity and mortality and the statistics raise a significant
amount of concern. The fatalities in children and adoles-
cents from firearms have increased from an estimated
3000 fatalities per year in the mid-1980’s to 4500 fatali-
ties per year in 1992 (118). Approximately 73 percent of
people who sustained a gunshot injury die at the scene,
12 percent die within three hours and 7 percent die after
three hours (185). It has been estimated that 90 percent
of all persons who sustain a gunshot wound to the head
die (186). Upon review of the literature, self-inflicted
injuries range from 11-50 percent, with an unclear
percentage being accidental (187,188). There are strong
demographic factors that contribute to firearm mortal-
ity (189). There is a reported tenfold higher rate of homi-
cide in black males related to firearms between the ages
of 15 to 19 years old when compared to white males in
the same age group (118).

GUN CONTROL

Handguns continue to be purchased and remain in many
American homes. They contribute to a significant amount
of morbidity and mortality in the United States annually.
Depending on the specific region, it has been estimated
that between 15.7 percent and 30.1 percent of all homes
contain a handgun (190,191).

Dresang evaluated gun deaths in urban and rural
areas and it was found that in rural areas there was a
higher amount of shotgun and rifle injuries with hand-
guns accounting for more than 50 percent of gun deaths
(192). Those who own handguns are twice as likely to
have their gun loaded than an owner of any other type
of firearm (193). Homicide risk is increased by threefold
and suicide by fivefold among those with a gun in the
home (194,195).

It still remains controversial how to enforce hand-
gun control. There have been attempts at legislation, edu-
cation and safety devices. However more strict regulation
is warranted. For example, sales of firearms at gun shows
still occur outside of the realm of regulation (196). It is
important to realize that more legislation may not meet

that much resistance from the general public. In one
report, a large percentage of the public (68 percent) would
support government regulation of handgun safety (197).
Some believe that only the power of litigation will result
in better prevention (196). Past legislation has proven to
have a positive effect on injury control. One report noted
that a 2-week ban on handguns in parts of Columbia was
associated with a reduction in homicide rates in those
cities (198). There was also a reported decrease in
the number of accidental and home deaths in Maryland
after handgun legislation was enacted in Maryland in
1987 (118).

GUN SAFETY

There continues to be a significant portion of the public
that wants to keep a handgun in their homes. In one sur-
vey, 29 percent of respondents felt that owning a gun
made their homes safer (199). Education of the public
should be one of the major components of our preventa-
tive measures regarding handgun related injuries. Com-
munity based education programs have had some success
in encouraging proper storage of firearms (200).

Different technological approaches have been tried
to improve handgun safety. Safety locks (trigger lock
being the most common), manual thumb safeties, loaded
chamber indicators and magazine disconnectors are all
attempts to prevent unintentional injuries (201). How-
ever, these devices do not protect from intentional injuries
such as suicide or homicide. A grip safety feature is a pas-
sive preventative method designed to protect children
from using the gun. Young children do not have the
strength, coordination or hand size to press the safety
lever and pull the trigger at the same time. Personalized
handguns, a new developing technology, allow only the
authorized owner to use the gun. Its features include a
built-in locking system and the ability to recognize the
authorized user. There are still some concerns regarding
its use such as reliability, maintenance and cost. However
there is a strong public desire for legislation requiring
handguns to be personalized (197). There is no real pos-
sibility of an immediate answer to the issue of gun related
violence. Zakcos has noted that only legislative lobbying
has been linked to organizational resources (202). While
Rodriguez stated that only the power of litigation will
bring some response to these issues (196).

OTHER SOURCES OF VIOLENT INJURY

Violence continues to be a major contributing factor to
TBI. This continues to be a major concern in urban areas.
However it must be noted that there is a reasonable
amount of violence in rural areas as well. Jagger et al.
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evaluated the epidemiology of head injury in the rural
area of north central Virginia. It was found that inter-
personal violence accounted for 23/100,000 of head
injuries in this area. This number was more than half of
that seen for falls alone and overall was a fairly large num-
ber (13). The highest number of these types of injuries was
in the 30-39 age group. Interpersonal violence included
injuries with firearms, blunt weapons, knives or battery
without a weapon. These other types of injuries are a
worldwide problem. Stab wound injuries, for instance,
are extremely high in parts of South Africa (203). Blunt
trauma specifically can be mostly attributed to fists, base-
ball bats, bricks and bottles (204). There have been very
little in the way of preventative measures and public edu-
cation to minimize these other sources of injury.

DEPRESSION, SUICIDE, AND TBI

There have been reports that intentional TBI has been
associated with gender, minority status, age, substance
abuse and low socioeconomic status, with the most pre-
dictive of these variables being minority status and sub-
stance abuse (205). Additionally, a major concern is the
risk of suicide among those with TBL It has been esti-
mated that suicide rates in the TBI population are 2.7 and
4 times higher than the general population when matched
for age and sex (206). It has been shown that suicide risk
is greater among patients with physical illness than among
the general population (207). Simpson and Tate identi-
fied various factors of suicide risk in TBI outpatients
including hopelessness (35 percent), suicide ideation
(23 percent) and suicide attempts (18 percent) (208).
A study of several disability groups noted 25 percent of
patients had major depression and 7.3 percent reported
clinically significant suicidal ideation (209).

There is considerable variability in TBI prevention
worldwide. Although there is agreement about goals
including general knowledge about suicide and develop-
ment of skills in suicide risk assessment and management,
prevention programs have a wide range of variability
(210). The length of training programs for those with
professionals and nonprofessional backgrounds range
from 1 hour to 16 hours (211,212). Instructional mate-
rials used include anything from written materials, self-
instructional videos to other methods such as didactic
sessions. Some suicide preventative programs are broader
and include a more general disabled population. If the TBI
population is targeted and appropriate intervention
occurs early then some suicides may be prevented. Physi-
cians need to identify risk factors such as suicidal ideation,
perform further research on other prognostic factors and
be able to manage these patients once their risk has been
identified. Simpson et al. created a training workshop
for suicide assessment and management for staff in a

rehabilitation center in New South Wales. The length of
the workshop totaled approximately 5.25 hours of train-
ing in one day. There was improved staff knowledge and
skills in suicide assessment and management (210).
A larger more multifaceted approach is warranted. In
addition to staff training including appropriate agency
policies and procedures, collection of appropriate fund-
ing and involving more community support (213).

DRUGS AND ALCOHOL

Recreational pharmaceutical agents greatly complicate
the problem of TBI. There have been several reports that
head injuries and fractures are the two most common
alcohol related types of trauma (214). In its white paper
released in 1988 the National Head Injury Foundation
Substance Abuse Task Force stated,” neither age, nor
occupation, nor any other factors place an individual at
a greater risk of a TBI than does alcohol” (215). Many
factors contribute to alcohol’s exacerbation of TBI. First
is the fact that a large minority of the consumers of alco-
hol are heavy consumers. With Kreutzer et al. estimating
that 12 percent of American drinkers can be classified as
“problem drinkers” (216). In addition to the large num-
bers of problem consumers, there is the additional prob-
lem of greater injury risk (217). The presence of intoxi-
cation at the time of trauma admission increased the odds
ratio of a repeat trauma admission within the next
2 years, 2.5 times. In 1999 (218), there were 15,786 deaths
and 300,000 injuries as a result of alcohol related MVA.
Legal intoxication has been reported in up to 51 percent
of people involved in TBI while up to 2/3rd have some
history of drug or alcohol abuse (219-221). Positive test-
ing for drugs or alcohol as high as 70 percent has been
reported (222). While Anderson reported that 51 percent
of non-belted passengers had alcohol on board. High
School students demonstrated very significant risk task-
ing behavior in regards to alcohol It is alarming that over
third of high school students would ride with a driver who
had been drinking and over 17 percent would drive after
they themselves had been drinking (223).

The importance of preventing teenage drinking has
been further clarified by the work of Hingson’s group
(224). They conducted a survey of college students and
demonstrated that there was a relationship between get-
ting drunk for the first time before the age of 19 and drink-
ing and driving, driving after five or more drinks, riding
with a driver who was high or drunk and, after drinking,
sustaining injuries that required medical attention. In
another publication (225) the authors estimated that
among college students there were over half a million full-
time college students who were unintentionally injured
while under the influence of alcohol and over 600,000
assaulted by another student who had been drinking.
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Alcohol and drugs can also be involved in other eti-
ologies of TBI. The commencement of drinking prior to
age 17 tripled the likelihood that an individual would be
involved in a physical fight in the last year (226). A sur-
vey performed by Gerhart et. al. demonstrated that alco-
hol abusers were more likely to sustain a violent TBI as
compared to other TBI populations as well as having a
worse outcome (227). The incidence of alcohol use in
both TBI and SCI patients preinjury is very high. In one
report it has been estimated the rate for heavy drinking
was 42 and 57 percent respectively (228,229).

There is still some controversy regarding the effect
of alcohol on outcomes in the acute setting. Some authors
have reported an increased risk of pulmonary complica-
tions (230) while other studies have not supported the
idea. Cornwell et al. (221). reported that sepsis, compli-
cations and mortality were correlated with injury sever-
ity and not to the presence or absence of alcohol or drugs.
In regards to rehabilitation, Sparedo and Gill (231)
reported an association between acute intoxication and
lower functional levels at discharge as well as a longer
period of post-traumatic agitation. Acute intoxication has
also been correlated with longer acute hospitalization and
a longer period of posttraumatic amnesia (232). There
have also been reports that reported a positive correlation
of impaired verbal memory and visiospatial function in
those with positive alcohol and drug screens on trauma
admission (233,234).

The performance of alcohol screens is not univer-
sally performed on all trauma patients (220), with some
studies reporting less than 1/2 the trauma patients being
tested. This may in part be secondary to a fear of a patient
being subject to legal prosecution or denial of insurance
coverage if tests are positive. However, this practice is
problematic as this hinders both clinical care as well as
further research efforts.

While a clear relationship has been established
between alcohol and brain injury in the literature, ques-
tions still arise as to the most effective means of prevent-
ing alcohol related TBL. Prevention efforts must be directed
at both passive and active measures as passive efforts alone
have had a limited effect. Passive efforts such as breatha-
lyzer testing, mental status or coordination testing prior to
starting a car has been discussed for years but have not
become a reality. Another intervention, that is passive to
the alcohol consumer is the modification of the server’s
behavior. This is part based on the concept that many peo-
ple who drink and drive are consuming alcohol at bars,
clubs and restaurants (218).It has been reported that about
half of the people who received a DUI left a place that
served alcohol (235, 236). Efforts that focus on educating
servers to carefully screen underage drinkers, refuse ser-
vice to rapid drinkers, calling taxi services for consumers
that seem unfit to drive and the offering of food to those
drinking are all ways to delay potential intoxication and

driving under the influence. Currently there is no unifor-
mity between the educational programs across the coun-
try with some states having mandatory programs, while
others voluntary educational programs for servers. The
programs are not standardized across the country and
address different issues such as legislation regarding intox-
ication, DUI, recognizing the signs of intoxication as well
as liability issues. The fear of litigation may assist the man-
agement structure of these establishments to be support-
ive of their employees’ efforts to mitigate this national
problem and run a safer establishment (218).

These programs have been proven to be effective in
both improving servers’ decision making abilities (237)
and in decreasing patrons’ level of intoxication (238-240).
Holder et al. (241). demonstrated that using these measures
in three experimental communities resulted in a 10 percent
reduction in alcohol related traffic accidents and signifi-
cantly reduced the sale of alcohol to minors. These inter-
ventions have been shown to only be effective for about a
year with some drop off after 15 months (242), It is
therefore important to recognize the need for continuing
education, which may be needed on a yearly basis. Manda-
tory legislation is still warranted for continuing education
targeting servers.

Significant progress has been achieved due to alco-
hol related prevention programs. Since 1982, the rate of
alcohol related MVA fatality has steadily dropped from
a rate of 57 percent to 38 percent (218). Zobeck et al. also
reported similar findings with a 10 percent decrease in
alcohol related MVA fatalities from 1979-1990 (243).
Not only that, but fatality rates per 100 million vehicles
miles traveled, and per 100,000 population, registered
vehicles and licensed drivers have decreased even more
sharply. This may be due the multifaceted approach of
various interventions such as public education, commu-
nity programs, legislation and enforcement.

Recently, The Internal Medicine News has reported
about the decrease in the use of alcohol and illicit drugs
in the young. Kirn reported results of a national survey
that questioned 50,000 students that were attending
either public or private schools regarding their usage of
illicit drug within the previous month. It demonstrated a
7 percent decrease in illicit drug use from 2003 to 2004.
In addition he reported an overall decline in drug use over
the past three years among high school seniors and the
last eight years for younger teens (244). Jancin reported
on the potential value of early recognition of young chil-
dren who are at risk for developing problems with sub-
stance abuse later in life; in particular, evaluating
preschoolers for the presence of temperament traits such
as aggressiveness, impulsivity, poor attentiveness. Once
these “red flags” are identified, some suggest that early
comprehensive psychological evaluation with early inter-
vention may help reduce the risk of problems later on in
the teen and adolescent years (2435)
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Community programs such as Mothers Against
Drunk Driving (MADD) have been instrumental in hav-
ing the legal drinking age raised to 21 throughout the
United States (21). However, raising the legal drinking age
to 21 has not totally eliminated alcohol as a problem for
teenage drivers. Alcohol has clearly been found in ado-
lescents involved in trauma (246). In 1997, 21 percent
of those killed driving while driving intoxicated were
15-20 years of age (120). In addition, 41 percent of col-
lege students report episodes of binge drinking during the
previous 2 weeks (247). Control of access clearly is not
enough to address the problem of alcohol related MVA.

Active preventative measures have been suggested to
prevent TBI. Previously suggested strategies include
involving survivors in policy making, working with jour-
nalists to improve media coverage of head injury and
speaking to high-risk groups to encourage use of protec-
tive gear (248). Although all survivors cannot participate
in every domain suggested, simple tasks associated with
office maintenance, for example, could still contribute
to head injury prevention. It is therefore important to
channel the brain injury community to programs that
facilitate education, legislation, public policy, lobbying,
advertising and media, all aspects of prevention that need
to be addressed by both survivors and health care pro-
fessionals (214).

Preinjury family dynamics must be addressed after
a TBI. A brain injury may magnify a dysfunctional fam-
ily structure. There must be strategies for the family to
learn how to cope with substance abuse and brain injury.
This may help prevent a second injury or repetitive abuse
behavior (219). The family must be involved in collabo-
rative approaches between the health care provider and
abuser. There must be consistent use of support groups
with family participation. The family must be educated
on the risk factors for abuse as well as be provided with
coping mechanisms on how to handle and separate TBI
related issues from abuse issues.

It is estimated that there are over 1.4 million DUI
arrests every year in the Unites States. While this seems
like a large number it is relatively small when it is com-
pared to the number of actual occurrences. There are esti-
mates of up to 126 million episodes of DUI that actually
occurs every year in the United States (120). The origi-
nal threshold for determining that one was driving while
intoxicated or under the influence laws was 0.10 grams per
deciliter. Evidence arose that even lower levels of blood
alcohol could impair ones driving ability and in 1983
Utah and Oregon were the first two states that lowered
the level to 0.08 grams per deciliter. By May 2001
24 states had lowered the acceptable blood alcohol level
to less than 0.08 gm/deciliter for drivers 21 years of age
(218). For those 20 and under a zero tolerance policy was
adopted and any evidence of blood alcohol is considered
illegal and subject to legal sanction (218,249).

Several studies have addressed the impact of this
lowering of acceptable blood alcohol levels (250-258).
which have been reviewed by Shults et al. (218). As a result
of these changes, the overall rate of alcohol related MVA
fatality dropped by 7 percent . In California and some of
the other states, immediate confiscation of licensure,
called administrative license revocation (ALR) was also
implemented. In an effort to isolate the effects Hingson
et al. looked at the effect of the BAC change in states
which already had ALR rules on the books and noted a
5 percent decrease in alcohol related fatalities when the
lower BAC rule was instituted (253). Voas et al. used a
statistical approach to separate the different factors. Using
multivariate analysis he demonstrated that there was a
reduction of 8 percent in alcohol related fatalities as a
result of lowering of the acceptable BAC level by itself
(258). There are great cultural, demographic and geo-
graphical differences between the states studies so it is
assumed that the results of these studies are likely to be
representative of the United States (218). The U.S. Con-
gress has been impressed enough by the evidence to
require all states to lower the BAC to 0.08 gm /dl by Octo-
ber 2003 or they will lose federal highway funds (259).

Younger drivers, partake in other risk taking behav-
iors and are at greater risk of MVA than their more expe-
rienced counterparts. This may be a result of decreased
experience or partaking in other risk taking behaviors
that are associated with alcohol ingestion. The work of
Anderson et al. that demonstrated that over half of non
seat belt wearing drivers involved in a MVA were posi-
tive for alcohol as compared to 22 percent of those wear-
ing shoulder belts serves as an example (260). Similarly,
there is a much lower use of restraints among those who
ingest alcohol. This is especially true with adolescents
where only 7 percent with positive alcohol screens were
using a restraint system as compared to 22 percent that
had no alcohol (246). While, Peek-Asa and Kraus (88)
demonstrated that motorcyclists involved in accidents
who tested positive for alcohol were more likely to be
speeding and not be wearing a helmet. Finally, Zador
et al. (261). demonstrated that a 16 to 20 year old male
who had a BAC level between 0.08 and 0.1 had a 24 times
greater chance of dying from a MVA as compared to a
BAC of zero. The benefit of Congressional mandates was
again noted when its threat to withhold highway fund-
ing, prompted all states to pass legislation that requiring
aBAC level of less than 0.02 for all drivers under 21 years
of age (220). The minimum drinking age was first raised
to 21 in several states by the 1970s. By 1987, all 50 states
had raised the minimum drinking age to 21 (218). As a
result of this change a double-digit decrease in both fatal
and non-fatal MVA’s was noted.

Legislation requires enforcement to be effective.
There is a need to improve these efforts to facilitate pre-
vention efforts. Sobriety checkpoints are an effective
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means of addressing this issue. There are two types of
sobriety checkpoints, random breath testing (RBT) and
selective breath testing (SBT). RBT has been used with
Australia and Europe with great benefit. It is not currently
available in the Unites States because of a lack of “prob-
able cause.” Instead in the United States only SBT sobri-
ety checkpoints are utilized. With SBT checkpoints, the
officer must have reasonable suspicion of intoxication in
order for breath testing to be performed. Because of the
nature of these checkpoints, they better serve the purpose
of deterrence rather than actual identification of offend-
ers (218).

SBT checkpoints have proven their efficacy and have
been shown to reduce fatal car crashes 20-26 percent
(262), as well as reducing overall crashes anywhere from
5 to 23 percent (218). RBT has been tested and has shown
similar results (263-271). The studies of RBT showed a
reduction in fatal crashes between 13-36 percent (264,
268,269,271) and 11-20 percent for all crashes (263,
265-271). RBT has also be shown to modify drivers’
behavior in regards to drinking and driving. Work from
Australia reported a 13 percent drop in drivers with any
detectable alcohol on board and a 24 percent decrease in
BAC level over 0.08 with RBT (223). The literature has
shown that both the selective and random method of test-
ing has been useful in reducing crashes of all types. While
RBT is more sensitive that SBT relative to detecting
elevated BAC, the literature has not demonstrated any dif-
ference in efficacy between the two methods relative to
crash prevention (218). Technologic breakthroughs such
as the addition of passive sensors that can sample for the
presence of alcohol are being developed which may fur-
ther increase the sensitivity of SBT by 50 percent which
will further increase the sensitivity of SBT (272).

Even with proven efficacy, these programs face resis-
tance as a possible violation of an individuals civil rights.
The United States Supreme Court has weighed in and
ruled on the appropriateness of a properly performed
brief sobriety check The sense of the court was that this
minor intrusion on human rights was more than balanced
out by the public benefit of reducing DUI (273). Cost ben-
efit issues is another issue raised regarding the use of SBT
and the cost benefit ratio of having police officers man
these checkpoints. Miller et al. (274). have addressed this
issue. In their model of a community of 100,000 licensed
drivers and assumed that the intervention would reduce
accidents by 15 percent, a number chosen after reviewing
the literature on SBT. Incorporating all of the costs of
alcohol related MVA including medical, property etc, and
their estimates were that $9.2 millions would be saved
with an expenditure of $1.6 million with a ratio of nearly
6 to 1. An actual study performed in California was even
more promising. Four communities introduced SBT for
over ninth months at a relatively small cost of $165,000
The savings that resulted from this intervention resulted

in a 23 times as large a benefit of $3.86 million. RBT test-
ing may be more effective than SBT financially. Work
from Australia and New South Wales has suggested that
at an annual cost of $4 million per year a savings of $228
million was realized as a result of accident prevention
(264). The efficacy of these programs both from a finan-
cial as well as from crash prevention requires society to
take a look at these papers.

PEDIATRIC HEAD TRAUMA

Pediatric injuries are a significant cause of morbidity and
mortality throughout the world. Approximately 600,000
children are hospitalized every year and more than 15 mil-
lion children are seen in the emergency room each year
because of their injuries (116). Head trauma accounts for
over 500,00 emergency department visits annually (275).
The annual costs exceed over 1 billion annually and
29,000 children sustain permanent disabilities.

CHILD ABUSE

Homicide from child abuse is the leading cause of death
in infants in the United States (118). In 1999, approxi-
mately 4.1 percent of children less than 18 years old were
victims of physical, emotional or sexual abuse (276). In a
survey of pediatric head trauma, abuse accounted for 19
percent of cases and was associated with a higher rate of
subdural hematoma (SDH), subarachnoid hemorrhage,
as well as retinal hemorrhages (277). Child abuse is not
only a form of violence but contributes to adverse conse-
quences in maltreated children. Abuse in childhood has
been associated with early pregnancy, drug abuse, school
failure, mental illness, suicidal and aggressive behavior and
violence later in life. Center (276).

Shaken baby syndrome results from severe move-
ments of a child’s head, can result in retinal hemorrhages,
cerebral axonal injury, occult cervical injury, and coagu-
lopathy (278,279). Young infants have weak neck
muscles leaving them vulnerable to sustain SDH and
shearing injuries. For a retinal hemorrhage to occur, it
takes an extraordinary force and is usually not associated
with an accidental injury (280). There are many educa-
tional programs in place to educate the community of the
severe danger of shaking infants.

Child abuse has been associated with single-parent
homes, low-income families and parents with alcohol and
drug abuse and many home visitation programs in the
United States are therefore directed toward the these high
risk populations. The Center of Disease Control and Pre-
vention noted that preventative programs delivered by
nurses demonstrated a median reduction in child abuse
of 48.7 percent and programs delivered by mental health
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workers demonstrated a median reduction in child abuse
of 44.5 percent (276). In one study sample evaluating the
cost-benefit ratio of home visits to low-income mothers,
there was a net benefit of $350 dollars per family in 1997.
Clinicians should also continue to target high-risk popu-
lations such as teenage parents, single mothers, families
of low socioeconomic status and parents with alcohol,
drug or mental health problems. Further programs are
warranted to reach the goal of reduction of homicides
from 6.5 to 3.0 per 100,000 populations by 2010 (281).

CAR SEATS AND AIR BAGS

Motor vehicle accidents are the major cause of death in
children and adolescents. It has been estimated that motor
vehicle accidents and traffic-related injuries account for
56 percent of injury fatalities (118), with front seat pas-
sengers appearing to be at the highest risk. There was
legislation early on in the 1990’ that focused its attention
on placing young children in the back seat in addition to
standardized three point restraints in all vehicles. The
1990s saw a decline in front seating of children in vehi-
cles involved in fatal crashes likely attributed to public
awareness and education and legislation (282). However
children ages 6 to 12 remained at high risk for being front
seated (282). Pediatric air bags systems pose a threat to the
front-seated child passenger, with resultant cranial and cer-
vical spine trauma (79). Patterns of injury in the child or
adolescent will be different than that for an adult given the
seat location, height and weight of the individual type of
restraint and the biomechanics at impact placing the child
closer to the deploying air bag all have an effect (283). Both
age and weight of the child determine the appropriate
restraint system. There has been legislation regarding child
restraint system utilization, however, the poor compliance
with these devices is concerning (284).

It has been estimated that 500 deaths and 53,000
injuries could be prevented each year if there were 100
percent compliance with existing state law and there was
proper use of child safety belts (118). It is encouraging
that education and legislation, including passive and
active strategies, can result in a decrease in childhood
njury.

PLAYGROUND AND RECREATIONAL
INJURIES

In 1986, the United States Consumer Product Safety
Commission estimated that approximately 7,000 children
under the age of 15 had sustained a playground related
injury that required hospitalization (116). Between
1990-1994, more than 200,000 playground injuries were
reported (285). It has been estimated that 8 percent of

sport and recreation related head injuries are playground
related (286).

A large proportion of injuries are related to climb-
ing activities including monkey bars, jungle gyms, swings
and slides, with approximately 25 percent of such injuries
requiring hospitalization (287). In one study of Boston’s
playgrounds, 34 percent of playground hazards were
related to climbers, 30 percent with slides and 22 percent
with swings (288). Lillis & Jaffee evaluated all children
injured on playground equipment in a metropolitan cen-
ter in Canada. It was found that 39 percent of the chil-
dren were under age 5 and 58 percent of those younger
than 5 years old had head and cervical injuries (116).

Lessening the incidence and consequences of falls
from playground equipment is a promising potential tar-
get for prevention efforts (289). Multifaceted efforts are
important. Parents need to be educated and provide
appropriate supervision in the playground environment.
One study suggests one of the main contributing factors
to playground injury is “lack of active competent adult
supervision.” (290) Educating children not to jump off a
moving swing or walk behind a moving swing must be
reinforced to the parents. The use of equipment by older
children designed for younger children such as certain
slides and climbing equipment that are very narrow can
be dangerous. As a result the older child may slip or fall.
Some slides are elevated 10-15 feet off the ground and
the danger of the slide increases with increasing height.
Unfortunately, the drive for safer design of playground sites
has been pushed more by litigation than public policy.

The riding bicycles by children is another important
area for prevention efforts and the use of helmets during
bicycle riding is critical. It has been estimated that wear-
ing helmets resulted in a 88 percent less risk of brain
injury compared to those people who did not wear hel-
mets (149). The problem is that use of helmets by North
American children is less than 1 percent (146). This may
be because children may feel like they do not fit in with
their peers. If so, this is a strong reason to make helmet
use mandatory and legislation is warranted to mandate
helmet use in children. Legislation in addition to educa-
tion of parents and children may improve compliance
with helmet use. Skateboards are a common source of
head injuries in the pediatric population. It appears that
the rate of injury secondary to skateboards has surpassed
that of bicyclists for those under 25 (291). The role of hel-
mets in preventing serious injury related to skateboard-
ing is also critical.

CONCLUSION

Traumatic brain injury is a major health problem for soci-
ety. It is an area where prevention efforts can make a sub-
stantial difference in the overall public health. Prevention
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efforts must be directed at many different components
that include legislation, education and motivation of the
public to control this area of injury. There has been a
tremendous progress made in TBI prevention over the last
few decades. However, there is still a large amount of
work needed to target all the different aspects, or “cells”
in the Haddon Matrix, that contribute to TBI. Health care
providers must continue to educate the lay public and
assist politicians in recognizing the benefits of injury con-
trol. Hopefully as public awareness, technology and leg-
islation improve so will prevention efforts.
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