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PREFACE 

This is the report of the seven injury control panels convened by the Division of Injury 
Control, National Center for Environmental Health and Injury Control, Centers for Disease 
Control (CDC), to assess where the field of injury control should be headed during the 1990s. 
The production of this report reflects the growing awareness of the public health impact of 
injuries and of the promise that this fledgling field offers for enhancing the health and 
well-being of the public. 

Injury control has experienced modest growth in resources and substantial impact since the 
creation of the injury control program at CDC, subsequent to the 1985 National Academy 
of Sciences (NAS) report, Injury inAmenca*. In the NAS report, the authors noted that the 
breadth of injury control, defined as including prevention, acute care, and rehabilitation, 
requires coordination across many disciplines and jurisdictions. They also noted the need 
for coordinated leadership by CDC at the federal level. In a later report, the Academy 
reviewed the status of the CDC program and called for the development of an explicit 
national plan as part of this coordinated leadership. 

The production of this report with input by staff from 14 federal agencies and by hundreds 
of experts from a wide range of specialties attests to CDC's commitment to coordinating 
and catalyzing the injury control field. 

The position papers in this report represent the work of the contributing authors listed at 
the beginning of each paper who served on the seven panels during the past year and a half. 
While the recommendations reflect the best collection of the panelists' thoughts, they do 
not always represent unanimity. These opinions have been refined by an extensive written 
review process, as well as by discussion of their contents at the Third National Injury Control 
Conference, April 1991, in Denver. We, as chairpersons of the seven panels, trust that the 
ideas contained herein will be helpful to CDC in developing its national plan for injury 
control. We also expect that these position papers will go a long way toward achieving the 
coordination of injury control efforts at various levels of government. Our experience at the 
Third National Injury Control Conference in Denver has convinced us that the field of injury 
control shares not only common goals but a strategic plan for achieving these goals. 

Susan P. Baker, M.P.H. 

Theodore M. Cole, M.D. 

Felton 1. Earls, M.D. 

A. Brent Eastman, M.D. 

C. William Schwab, MD. 

Thomas A. Gennarelli, M.D. 

John D. Graham, Ph.D. 

Frank R. Lewis, M.D. 

Leon S. Robertson, Ph.D. 

·Commitlee on Trauma Research, Commission on Life Sciences, National Research Council, 
and the Institute of Medicine. Injury in America: a continuing public health problem. 

Washington (DC) National Academy Press, 1985. 



These position papers were solicited by the Division of Injury Control, National Center for 
Environmental Health and Injury Control, Centers for Disease Control (CDC), Public Health 
Service, U.S. Department of Health and Human Services, Atlanta, Georgia, for the Third National 
Injury Control Conference, held April 22-25, 1991, in Denver, Colorado. The views expressed are 
those of the contributors and do not necessarily represent the policy of CDC or any other federal 
agency. Furthermore, although all contributors agreed on the overall content of the papers, they did 
not agree on every recommendation. Use of trade names is for identification only and does not 
constitute endorsement by the Public Health Service or the U.S. Department of Health and Human 
Services. 
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FOREWORD 

The concern and interest of the American public, policy makers, and public health profes­
sionals have increasingly focused on the problem of injury, including the high number of 
deaths and disabilities and the enormous costs, both human and financial, to our country. 
As part of this increased focus, the Committee on Trauma Research and the Institute of 
Medicine, in the Injury in America report, and, subsequently, the Secretary's Advisory 
Committee for Injury Prevention and Control called for a national plan to control injuries. 
As the first step in developing such a plan, the National Center for Environmental Health 
and Injury Control (NCEHIC) and the National Institute for Occupational Safety and 
Health (NIOSH) of the Centers for Disease Control (CDC) have spent more than a year 
facilitating the development of the position papers in this book. The plan will help shape 
the future of injury control research, programs, and policies for this decade. 

The objectives of the seven position papers are to (a) define the field of injury control, (b) 
assess the current status of injury control research and programs, (c) help CDC, other 
federal agencies, and nongovernmental organizations clearly define directions and priorities 
in a coordinated way, (d) identify what interventions should be evaluated and disseminated, 
(e) plan for the development of injury control program capacity in state and local health 
departments and other agencies, and (f) identify organizations and opportunities for carry­
ing out various research and programmatic recommendations. 

In their leadership role, NCEHIC and NIOSH sought input from experts from many sectors 
- federal, state, and local government; academic institutions; industry and labor; and a wide 
range of national organizations. At the beginning of this process, we asked some 150 experts 
to assist us. It was particularly encouraging that representatives of many agencies from 
seven federal departments participated. These agencies are as follows: (Department of 
Defense) Department of the Air Force; (Department of Education) National Institute on 
Disability and Rehabilitation Research; (Department of Health and Human Services) 
Maternal and Child Health Bureau, Alcohol Drug Abuse and Mental Health Administra­
tion, including the National Institute of Mental Health and the National Institute on Alcohol 
Abuse and Alcoholism, and the National Institutes of Health, including the National 
Institute on Aging and the National Institute of Child Health and Human Development; 
(Department of Justice) National Institute of Justice; (Department of Labor) Bureau of 
Labor Statistics and the Occupational Safety and Health Administration; (Department of 
Transportation) Federal Highway Administration and the National Highway Traffic Safety 
Administration; (Department of Veterans Affairs) Veterans Affairs Medical Center; and 
the Consumer Product Safety Commission. 

Additional participation came from people representing motor vehicle safety advocacy, 
trauma surgery, neurosurgery, orthopedic surgery, pediatrics, emergency and rehabilitation 
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medicine, trauma nursing, public health, biomechanics, emergency medical services (EMS) 
and trauma system management, survivors of injury, and national safety programs. 

We asked these experts to address the objectives in their respective fields of interest by 
answering three key questions: (I) Where are we? (II) Where do we want to be at the end 
of the decade? (III) How do we get there? As a result, seven draft papers were developed 
for those who attended the Third National Injury Control Conference and others interested 
in the field of injury. These preconference position papers were devoted to motor vehicle 
injury prevention, violence prevention, unintentional injury prevention (later retitled home 
and leisure injury prevention), occupational injury prevention, trauma care systems, acute 
care treatment, and rehabilitation of persons with injuries. Numerous reviewers submitted 
written comments, and at the conference the conferees debated and discussed the papers 
extensively. Indeed, the conference theme, "Setting the National Agenda for Injury Control 
in the 1990s," was chosen to encourage conferees to devote almost the entire conference to 
discussing the development of a national plan. 

On the basis of the written comments from almost 200 reviewers and the discussions at the 
conference, the seven panels of experts who produced the draft papers revised them. These 
revisions are the position papers in this book. Although the recommendations in these 
papers express the opinions of the authors, not CDC, we believe that these recommenda­
tions represent an important and substantial step forward in the identification of injury 
control priorities for this Nation. The CDC will consider these position papers, along with 
the input from reviewers, conference attendees, and other federal agencies in developing a 
national plan for injury control. 

Each of the position papers contains topic-specific recommendations. The major topic-spe­
cific recommendations are contained in the Executive Summaries that follow this introduc­
tion. In addition, each paper has independently addressed broader crosscutting issues 
relating to the overall field of injury control. The consistency of these recommendations 
from paper to paper emphasizes their importance to all injury control professionals, 
regardless of their area of expertise, and warrants their restatement here. They include the 
following: 

• Increase public awareness of injuries and injury control. 

• Increase attention and support from the Office of the Assistant Secretary for Health 
to coordinate multiagency and multidepartment efforts. 

• Increase resources for injury surveillance, research, control programs (state capac-
ity), intervention evaluation, training, and health services. 

• Allow cooperative industry/government research and development projects. 

• Require E-codes for all hospital discharges as part of a national surveillance system. 

• Establish a Center for Injury Control at CDC to provide national leadership. 

• W'ith CDC playing a key role, develop a national applied injury control research 
laboratory to study both human and engineering factors. 
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· Injury control's unique challenge to cut across many organizational and disciplinary bounda-
ries has required a similarly unique approach to leadership, with widespread coordination 
and clear communication. This approach, in turn, will require an enormous effort and 
substantial resources to overcome boundaries and implement a coordinated plan for injury 
control in the United States. We believe that in these times of economic restraint our best 
chance of attracting the public attention and institutional support needed to make injury 
control a practical reality rests upon our ability to join together and produce a clear and 
compelling national plan. 

Finally, we acknowledge the dedication and tremendous effort of the chairpersons, panel­
ists, reviewers, conference attendees, and CDC staff who made these papers possible. We 
are very grateful for their hard work and commitment. 
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Motor Vehicle Injury Prevention 
Executive Summary 

Many injuries associated with motor vehicle crashes are preventable. In 1985, motor vehicle 
crashes cost our Nation more than $75 billion. About 65% of this amount was the result of 
only 15% percent of the crashes - those that caused death or injury (1). By 1991, this sum 
had increased considerably because of increases in the number of crash injuries and 
fatalities, increases in the cost of medical treatment and vehicle repair, and a rise in general 
price levels. 

But it is not the impact on our economy that is the force behind our desire to reduce the 
mortality and morbidity associated with highway crashes. Rather, it is the human tragedy 
that these crashes represent - the 45,000 persons killed on our roads each year; the fact 
that more than 60% of these victims are not yet 35 years of age; and the fact that almost 
every day, throughout the United States, 125 families meet at grave sites to bury a loved one 
killed in a motor vehicle crash. In addition, millions are injured in crashes. Especially tragic 
is the fact that some survivors of motor vehicle crashes are seriously disabled. Crashes are 
the leading cause of traumatic brain injury and spinal cord injury. 

The magnitude of injury's impact on our society has made the control of crash injuries one 
of the goals of Healthy People 2000. The goal is to reduce crash fatalities from 19.1 per 
100,000 people in 1987 to 17.0 per 100,000 people by the year 2000 (2). Many sectors of our 
society will have to cooperate to achieve this 11 % reduction in crash mortality, and many of 
the recommendations of this panel must be implemented. 

Unfortunately, even if this decreased crash fatality rate envisioned in the Year 2000 
Objectives is achieved, there will be no meaningful reduction in the actual numbers of 
persons killed and injured in motor vehicle crashes. In terms of absolute numbers, projected 
increases in both population and travel will offset the efforts of the health and safety 
community. Motor vehicle crashes will remain the principal means by which young 
Americans are permanently disabled and by which they die. 

If we are to reduce materially the enormous toll that crashes impose every year, "business 
as usual" will not be sufficient. The multidisciplinary attack on injury that was the vision of 
Injury in America (3) must be employed. Investment in the prevention of injury and in the 
care and rehabilitation of injured persons must increase appreciably, so that it is 
commensurate with the magnitude of the problem. Research must be directed toward 
solving this problem, which will require federal, state, and private resources. Furthermore, 
collaboration between former adversaries must become the rule. But resources and 
collaboration will not be enough. We must also convince the public that motor vehicle 
injuries are not "accidents" and that the application of scientific principles to the prevention 
of injury has a real likelihood of succeeding in reducing crash-related fatalities and injuries. 
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The report of this panel documents the record of success that health and safety professionals 
have achieved in this field. But more importantly, the report describes the steps that we 
must take to do more than merely maintain the status quo. The panel's recommendations 
are designed to be illustrative, rather than exhaustive, but their implementation can launch 
an era of major reductions in the crash fatality and injury rates on our roads. 

The panel's recommendations to federal agencies, state and local governments, private 
industry, employers, labor organizations, advocacy groups, and the health care community 
are listed in the position paper. The panel's key recommendations are as follows: 

Improve Leadership, Collaboration, and Coordination 

The panel heartily supports the recommendations of the Transportation Research Board 
(TRB) Special Report 229, Safety Research for a Changing Highway Environment (4), with 
respect to the advancement of research in Department of Transportation programs. The 
recommendations are listed in the position paper. In addition, the recommendations on 
organizational structure that the Committee on Trauma Research made in the National 
Research Council's document, Injury in America (3), should be fully implemented. These 
include the establishment of a National Center for Injury Control within the Centers for 
Disease Control (CDC). This center should facilitate coordination of federal injury control 
efforts. Motor vehicle injuries constitute the single largest category of injuries and thus 
should be a key focus of the center's research and programs. The center should collaborate 
with established lead traffic safety agencies at both the federal level (for example, the 
National Highway Traffic Safety Administration and the Federal Highway Administration 
within the Department of Transportation) and at the state and local levels (such as the state 
highway safety agencies). In particular, CDC should link the public health and traffic safety 
communities at the federal, state, and local levels and emphasize the importance of motor 
vehicle injuries within the broader field of injury control. 

Enhance Public Recognition and Support 

Public awareness of the preventability of motor vehicle injuries must increase because it will 
contribute to individual prevention efforts, public support for laws and enforcement efforts, 
and demands for legislative action in funding research and programs. 

Implement Proven Interventions 

Many technologies and behaviors are known to prevent or mitigate motor vehicle injuries, 
but they have not been widely used or adopted. The following legislative and law 
enforcement interventions must be fully implemented: 

• Adopt and enforce primary enforcement safety belt use laws and ordinances and 
extend them to cover all seating positions in all motorized vehicles, where 
feasible. 
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• Adopt and enforce administrative license suspension for drivers with a blood 
alcohol concentration >0.08% and >0.00% for youths under the age of 21. 

• Adopt and enforce laws and ordinances requiring all motorcyclists and bicyclists 
to wear helmets. 

• Enforce existing speed limits, oppose further increases in speed limits, and 
encourage legislation to ban the use of radar detectors. 

• Strictly enforce minimum drinking age laws as they apply both to sellers and 
purchasers. 

• Strengthen and enforce existing laws and ordinances requiring child safety seat 
use and extend them to cover all passenger seating positions in all motorized 
vehicles. 

In addition to adopting, strengthening, and enforcing these laws, information on factors 
facilitating and impeding effective enforcement should be identified and disseminated. 

The panel recommends that vehicles be equipped with both driver and passenger airbags 
and that vehicle designs protect both occupants and pedestrians. Vehicle designs that 
protect occupants include improved occupant-compartment integrity (including enhanced 
side-impact protection), energy-absorbing interior surfaces, and improved door design, roof 
crush resistance, seats, and restraint systems. Designers of protective restraint systems 
should give attention to the comfort and convenience of persons of all sizes and ages. 
Vehicle designs that protect pedestrians include softer hood and fender designs and lower 
front bumpers. In addition, comprehensive community-based pedestrian and bicycle safety 
programs that target defined problems and high-risk populations should be developed. 

The panel recommends that roadway delineation be improved through increased use of 
effective reflective pavement markings and signs, and that safer, "forgivingll roadsides be 
provided for errant vehicles. 

Despite recent progress, alcohol and other drugs continue to playa significant role in motor 
vehicle injuries and fatalities. Although several research and programmatic 
recommendations in this document specifically address impaired driving, the panel concurs 
with the Surgeon General's Workshop on Drunk Driving (5) that the extent of the alcohol 
problem must be addressed at a broader, more comprehensive level. It is unlikely that we 
will substantially reduce impaired driving until and unless we reduce problem drinking, drug 
use, and total per capita alcohol consumption and modify many commonly accepted 
practices related to the availability and promotion of alcoholic beverages. 
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Expand the Scientific Base 

Continued progress in reducing motor vehicle injury cannot be achieved without technologic 
advances and a better understanding of human tolerance to injury. A scientific, rigorous 
understanding of human performance, behavior, capabilities, and motivation is also needed. 
The following measures are needed to expand and maintain the field's vital scientific base: 

• Expand intramural and extramural research programs within the U.S. Depart­
ment of Transportation and the U.S. Department of Health and Human Services; 
specifically, CDC should playa key role in developing an applied injury research 
laboratory to study both human and engineering factors. 

• Enhance the training of professionals at all levels. 

• Develop data systems; specifically, link traffic and medical records to improve 
our ability to develop and evaluate effective interventions. 

• Support cooperative industry-government research and development projects 
with adequate protection of both the public's interests and manufacturers' pro­
prietary concerns. 

• Build the fields of engineering, biomechanics, human behavior research, and 
policy development in the areas related to injury prevention. Specifically, de­
velop university-based centers of excellence in these areas. 

• Enhance the knowledge and understanding of factors facilitating and impeding 
safe driving behaviors among various population subgroups, including youth, 
minorities, women, and the elderly, and use these data to develop and target 
prevention and intervention efforts. 

• Encourage collaborative interdisciplinary research among scientists working in 
fields that affect motor vehicle injury control, such as engineering, biomechanics, 
behavioral science, public policy, medicine, public health, and rehabilitation. 
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Prevention of Violence and Injuries 
Due to Violence 

Executive Summary 

The health impact of self-directed and interpersonal violence in the United States is 
staggering, and the need for action to address this problem has never been greater. In this 
paper we present an agenda for reducing injuries and deaths due to interpersonal violence 
and suicidal behavior. 

Interpersonal violence is a major public health problem in the United States: homicide is 
the 12th leading cause of death, accounting for 22,032 deaths in 1988, and is a leading cause 
of premature mortality. The U.S. homicide rate is many times higher than that of other 
industrialized countries. Blacks and other minorities are at particularly high risk of injury 
and death due to interpersonal violence. Females are at high risk of nonfatal injuries from 
rape, child sexual abuse, and assaults by husbands, ex-husbands, and other intimate partners. 
Child abuse and neglect is a major cause of morbidity among infants and young children. 

Suicide is the eighth leading cause of death in the United States. About 20% of all deaths 
due to injury are suicides. In 1988, 30,407 persons committed suicide. Since 1950, rates of 
suicide among young people (15 to 24 years of age) have essentially tripled. Since 1979, 
after several decades of declining rates of suicide among the elderly, rates have been 
increasing in this age group. 

In developing this agenda for violence prevention, we focused on factors that are clearly 
linked with the risk of injury and death from violence and that are apparently amenable to 
preventive efforts or public health action in the near future. We sought to develop a largely 
cross-cutting set of high-priority recommendations that had relevance to Healthy People 
2000 for the prevention of both self-directed and interpersonal violence (1). We structured 
our recommendations around a single major area of emphasis and four special areas of 
emphasis. The major area of emphasis is the need for a coordinated approach and coherent 
framework for planning and implementing a comprehensive violence prevention effort. 
The four special areas of emphasis are (a) injuries from firearm violence (b) alcohol and 
other drug use, ( c) early childhood experiences that affect the risk of future violent behavior 
or victimization, and (d) treatable mental disorders associated with an increased risk of 
suicide. 

Our recommendations for a broader, comprehensive infrastructure for violence prevention 
addressed the need to target resources for prevention toward high-risk groups, to improve 
surveillance, to empower communities to develop their own violence prevention programs, 
to broaden training for violence prevention, and to rigorously evaluate promising prevention 
programs. Key recommendations include (a) developing culturally appropriate violence 
prevention and intervention programs for communities with high rates of violent injury in 
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order to address the specific needs, characteristics, and circumstances of these communities; 
(b) improving recognition, referral, and treatment of people at high risk for violence or 
violent injury (e.g., battered wives, suicidal persons, and victims of child abuse or neglect); 
( c) setting up a system whereby E-codes (codes to identify the external causes of injury -
e.g., attempted suicide or child abuse) would be included with the usual nature-of-injury 
data in all hospital-discharge data; (d) developing and disseminating guidelines for prevent­
ing violent injuries at the community level; (e) developing new financial and other resources 
for the development and long-term support of community-based violence prevention 
programs; and (t) establishing fellowship training programs in violence prevention, with 
special efforts to recruit minorities and women. 

The panel believes the strategies most likely to produce immediate reductions in mortality 
from violence are those related to reducing firearm viole~lce. We developed several recom­
mendations in this regard, all designed to minimize ready access to handguns and other 
firearms. We suggest strategies for minimizing ready access to guns, including educational 
and behavioral change, technological and environmental efforts, enhanced enforcement of 
existing laws, and new legislative and regulatory efforts. We also call for increased research 
in this area to more precisely delineate the risks and benefits of ready access to handguns 
and other firearms. 

Regarding alcohol and other drug (AOD) use, we make several recommendations, which 
(if implemented) should decrease chronic use of AODs by persons at high risk of violent 
behavior by ensuring that such persons are properly identified and given adequate treatment 
for their drug use problems. We also make recommendations regarding efforts to decrease 
initiation of AOD use, especially among people already at high risk of interpersonal or self­
directed violence. Finally, to reduce the risk of violence associated with drug trafficking and 
addiction, we call for research to explore alternatives to the current laws regulating illicit 
substances such as cocaine and heroin. 

Some portion of OUf violence prevention efforts should be designed (a) to reduce the 
prevalence of childhood experiences (such as child abuse and neglect, witnessing violence 
in the home, and viewing media violence) that are associated with long-term risks of 
perpetrating violence or becoming a victim; and (b) to intervene with children who are so 
exposed in order to mitigate the consequences of this exposure. Key recommendations in 
this regard include nurse home visitation programs (or other home-visitor programs) for 
high-risk infants; educational interventions for children in nonviolent interpersonal prob­
lem- solving skills, social skills, and appropriate norms of nonviolent behavior; timely crisis 
intervention for families under stress and ~t risk for violence; and development of media 
programs for children that foster nonviolent behavior. 

We call for expanded efforts to identify and treat people suffering from treatable mental 
disorders associated with suicide. Specifically, we endorse the National Institute for Mental 
Health Depression/Awareness, Recognition, and Treatment Program, which seeks to edu­
cate the general public and potential gatekeepers on how to recognize and refer persons 
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with depression. We also call for expanded training for and coordination among 
professionals who are potential gatekeepers to treatment services. Finally, we recommend 
increasing public health and insurance funding for outpatient treatment of persons with 
mental disorders. 

We recognize that, in developing a broad, largely cross-cutting agenda for intentional injury 
prevention, issues and opportunities for prevention that are specific to particular types of 
violence have necessarily been missed or underemphasized. We hope that those interested 
in preventing certain types of violence or violent injuries will modify and expand upon these 
recommendations as appropriate. 
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Home and Leisure Injury Prevention 
Part 1: Selected Injuries 

Executive Summary 

Much attention has been focused on injuries related to motor vehicle crashes, yet each year 
tens of thousands oflives are lost or irrevocably shattered as a result of unintentional injuries 
in other circumstances. In 1986, 48,410 Americans died from unintentional injuries not 
related to motor vehicles; these deaths accounted for 32% of all injury-related deaths. In 
1985, the lifetime human capital costs in lost earnings and medical care (excluding consid­
eration for pain and suffering) totalled about $21 billion for fall-related injuries, $2.1 billion 
for drownings or near-drownings, $8.5 billion for poisonings (including intentional poison­
ings), $2.8 billion for fire- and burn-related injuries (not including property damage), and 
$14.4 billion for firearm injuries (intentional and unintentional) (1). We can reduce the 
incidence and severity of these and other injuries by applying the traditional tools of public 
health: surveillance to identify patterns and circumstances; research to understand causes 
and to develop and evaluate interventions; and implementation of programs that prevent 
injuries or mitigate their impact. 

The types of injuries addressed in this paper - those resulting from falls, drownings, 
poisonings, fires, burns, and firearms - are examples of the many unintentional injuries 
that are not related to motor vehicles. As members of the Home and Leisure Injury 
Prevention Panel, we chose to emphasize these injuries because of their prominence in 
Healthy People 2000, and because of their magnitude in terms of morbidity and fatalities, or 
because they can be prevented by effective interventions that are already available (2). 
These types of injuries affect different populations and vary in their causes and circum­
stances. As a result, the research and programs that address these types of injuries must 
encompass an array of academic disciplines, government and private organizations, and 
segments of society. No single intervention, agency, or approach can dramatically reduce 
the toll of unintentional injuries. We need a broad-based set of interventions that build on 
both research and examples of successful interventions. 

Programs that have succeeded in reducing definable injuries share common elements: 
adequate surveillance to define the circumstances of the injury, recognition of an action that 
would probably reduce incidence or severity, and action by persons in positions to initiate 
it. This approach has reduced many types of injuries. Examples include the modification of 
aspirin dosages and packaging to reduce the incidence of aspirin poisonings among children, 
regulations requiring that children's sleepwear be made flame-retardant, and the installa­
tion of window guards in high-rise apartment buildings to prevent falls. 
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--- ----------------------

Recommendations for each topic addressed in this paper - falls, drownings, poisonings, 
fire- and burn-related injuries, and firearm injuries - are listed here and at the end of the 
appropriate chapter. The panel's priority recommendations are in bold print. The desig­
nated agency for implementation for each priority recommendation is listed in parentheses: 
federal government (FG) or state and local government (SLG). 

Falls 

Falls are the leading cause of all nonfatal injuries and are the second leading cause of death 
from unintentional injuries after motor vehicles. Efforts waged by a variety of organizations 
can curb the number and severity of these preventable injuries. 

• Require helmet use during recreational activities with significant head injury 
rates such as bicycling, horseback riding, surfing, and snow skiing. (SLG) 

• Encourage research on optimal living designs, ensure that public and private 
building designs and codes take injury surveillance results into account, and 
enforce building code regulations that reduce major contributors to fall injury 
and its severity. (SLG) 

Federal Government 

• Support epidemiologic surveillance of fall injuries to identify circumstances and 
specific locations of falls. 

~ Support analytic studies of major contributors to fall injUlies, including biomedi­
cal, behavioral, and environmental risk factors for injuries and the interaction of 
these risk factors with age. 

• Fund local injury prevention workers to interpret and act on results of surveil-
lance and analytic studies. 

• Develop and disseminate prevention programs. 

• Ban baby walkers, which apparently cannot be made safer. 

• Develop standards for changing-tables, high chairs, and playground equipment. 

• Increase support of clinical trials to test strategies for injury reduction and 
rehabilitation in later life. 
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State and Local Governments 

• Conduct surveillance of the circumstances and specific locations of fall injuries. 

• Develop, revise, or enforce standards for residential facilities for the elderly on 
the basis of the best evidence of optimal designs for stairs, rails, and grips. 

Private Organizations 

• Health care providers and professional associations should encourage increased 
clinical counseling regarding fall risk from specific heights, cessation of the use 
of baby walkers, and the use of barriers for stairs. 

• Insurance companies should provide financial incentives, such as lower premi­
ums, to encourage compliance with safety standards. 

• Health maintenance organizations (HMOs) and pharmacies should increase 
vigilance of prescribed drugs and polydrug use that is likely to impair vision, gait, 
coordination and judgment. In addition, HMOs and pharmacies should consider 
putting warning labels on drugs that may increase the incidence of falls and 
injuries among the elderly. 

• Businesses should not serve alcohol to intoxicated persons. 

Academic and Research Institutions 

• Conduct analytic studies (including risk factors for falls) listed under IIFederal 
Government.1I 

• Conduct clinical trials to test strategies for fall injury prevention and rehabilita­
tion in later life. 

• Develop and evaluate innovative interventions, such as barriers, warnings, 
alarms, hip pads, and residential facility standards and staffing. 

Drownings 

In 1986, drownings were the third most common cause of death by unintentional injuries in 
the United States. Agencies are in a position to establish regulations where strategies to 
prevent drowning are understood. More research is needed on high-risk populations and 
the places and circumstances implicated in drownings. 

• Require complete four-sided isolation pool fencing at least 5 feet high with self­
closing latches for all swimming pools. (SLG) 
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• Advance research on the circumstances and locations of drownings and near­
drownings that result in hospitalization, with special attention to minority 
populations, to drownings associated with water other than that in pools, and to 
potential means of prevention. (FG) 

Federal Government 

• Advance analytic studies of combinations of boat and motor characteristics in 
drownings and near-drownings and studies of alcohol involvement in drownings. 

• Develop, evaluate, and disseminate drowning intervention programs. 

State and Local Governments 

• Conduct surveillance of circumstances and specific locations of drownings and 
near-drownings. 

• Promote cardiopulmonary resuscitation (CPR) training for all pool owners and 
teenagers and adults among populations with high drowning rates. 

• Promote licensure and standard training for all boat operators. 

• Enact and strictly enforce state laws that prohibit boat operation while intoxi­
cated. 

• Enforce requirements for having personal flotation devices for all persons on 
boats. 

Private Organizations 

• The pool industry should sell safety equipment as part of the pool purchase and 
develop new and more effective prevention technology, such as energy-absorbing 
pool bottoms to reduce diving injuries (e.g., head and spinal cord injuries). 

• The insurance industry should review actuarial data and write homeowner insur­
ance policies to reflect the presence of pools and spas, the presence of children 
under age 5 where a pool or spa is present, and the presence of protective barriers 
to a pool or spa. 

• The American Red Cross and other organizations should promote isolation pool 
fencing, poolside phones, and CPR training for all pool owners and for teenagers 
and adults among populations with high drowning rates. 

Academic and Research lilstitutions 

• Conduct studies mentioned under "Federal Government." 
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Poisonings 

We have seen a decline in fatal poisonings among young children over the last 2 decades. 
This has been attributed to the function of poison control centers, which have been found 
to be cost-effective but are now in jeopardy because of loss of funding. 

• Support continued funding for poison control centers, including funding from 
insurance and Medicare/Medicaid payments. (SLG) 

• Review standards for drug packaging and tighten standards for child-resistant 
containers that are frequently involved in child poisonings while considering 
needs of the elderly. (FG) 

Federal Government 

• Support surveillance of the circumstances and locations of severe and fatal 
poisonings. 

• Support analytic research on the distribution of and access to both legal and 
illegal drugs. 

State and Local Governments 

• Provide an 800 telephone number for information on poisons for people who do 
not have access to a local poison control center. 

Private Organizations 

• Conduct campaigns to increase the availability of ipecac syrup in all households. 

• Cooperate with scientists in the evaluation of campaigns against drug use. 

• Discourage advertisers from linking alcohol use to sports activities and from 
sponsoring television programs that glamorize drug use. 

Academic and Research Institutions 

• Conduct analytic studies on the extent to which persons at risk for poisoning can 
be identified. 

• Evaluate the effectiveness of poison prevention and drug use treatment pro­
grams. 
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Fire- and Burn-Related Injuries 

Despite the widespread adoption of smoke detectors, fires and their concomitant burn 
injuries remain a formidable cause of death. In 1986, they resulted in nearly 5,000 deaths. 
Groups at higher risk for fire- and burn-related deaths include the very young, the elderly, 
and minority populations. Coordinated efforts can affect community standards and individ­
ual practices so that unnecessary deaths and severe disabilities are prevented. 

• Require cigarettes sold in the United States to have a low potential for igniting 
upholstered furniture. (FG) 

• Develop, implement, and enforce codes to address burns in residences, including 
requirements for smoke detectors, sprinklers in new housing, and anti scald 
devices in hot water systems. (SLG) 

Federal Govemment 

• Support surveillance of the circumstances and specific locations associated with 
burns that result in fatalities or hospitalizations. 

• Support analytic studies of kitchen scalds, gasoline burns, clothing ignition, and 
burns among the elderly, coupled with research by engineers and product design­
ers to remedy correctable hazards. 

• Fund the development and evaluation of community-based prevention programs 
in high-risk urban and minority communities. 

• Conduct in-depth investigations of clothing ignition burns among children to 
determine if the flammable fabrics standard for children's sleepwear is being 
undermined by the labeling of sleepwear as daywear. 

• Apply the flammable fabrics standard to loose-fitting housecoats and bathrobes 
now commonly involved in burns associated with cooking and smoking. 

• Regulate disposable cigarette lighters to make them child-resistant. 

State and Local Govemments 

• Conduct surveillance of the circumstances and locations of fatal and hospitalized 
fire- and burn-related injuries. 

• Collaborate with the Centers for Disease Control and the U.S. Consumer Prod­
uct Safety Commission in conducting in-depth investigations of clothing ignitions, 
kitchen scalds, and burns involving gasoline. 
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• Require antiscald devices in new showers and tubs. 

• Develop or enforce maximum hot water temperature regulations for residential 
institutions. 

Private Organizations 

• Safety organizations should form a coalition among themselves and with local 
fire departments to promote a campaign in the media to change batteries in 
smoke detectors when clocks are changed in the fall. 

• Utility companies should check hot water temperatures when meters are read 
and recommend settings at 1200 or less, if necessary. 

• The American Association of Retired Persons sh(l.uld push for flame retardant 
clothing for the elderly. 

• Insurance companies should support the installation of sprinklers in multifamily 
homes through reductions in insurance premiums. 

Academic and Research Institutions 

• Conduct analytic studies listed under "Federal Government." 

• Evaluate fire department, community, and school-based fire- and burn-related 
injury prevention education. 

• Study the characteristics of appliances and utensils that may affect the incidence 
and severity of burns. 

Firearm Injuries 

Many of the Violence Panel's recommendations apply to unintentional as well as intentional 
firearm injuries. (For the full text of the Violence Panel's recommendations, see its position 
paper.) We fully endorse all of the Violence Panel's recommendations. In particular, we 
endorse the panel's suggestions on the need to (a) minimize ready access to handguns and 
other firearms through a variety of strategies focused on three broad areas: educational or 
behavioral change interventions, technological or environmental interventions, and en­
hanced and new legislative or regulatory efforts; and (b) continue rigorous scientific re­
search to delineate with greater precision the risks and benefits of ready access to fireams. 
In addition, we make the following recommendations on firearm injury prevention: 

• Recognize firearms as a public health problem and esablish the regulatory 
authority for promulgating safety standards for firearms, addressing the prob. 
lems of trigger locks, muzzle velocity, and visible indication as to whether the 
gun is loaded. (FG) 
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• Develop and disseminate prevention programs, including strategies to store 
guns in facilities outside of homes. (FG) 

Federal Government 

• Establish the regulatory authority for promulgating safety standards for all 
ammunition, applying the international laws (Geneva Convention) and current 
military ammunition safety standards. 

• Support surveillance of firearm injuries, including a history of the involved 
firearm, its make and model, characteristics of the weapon and ammunition, 
circumstances of the injury, storage of the weapon, and means of access. 

• Support analytic studies of characteristics of firearms and ammunition that are 
thought to increase the incidence and severity of injury. 

• Evaluate the effects of firearm safety training on injuries. 

State and Local Governments 

• Collaborate with CDC in increased surveillance. 

• Enact legislation requiring waiting periods and background checks for firearm 
purchases and building codes for firearm storage. 

• Enforce extant regulations. 

Academic and Research Institutions 

• Conduct analytic studies of characteristics of firearms and ammunition involved 
in injury. 

• Conduct evaluation of the effectiveness offirearm education and gun control laws 
and regulations. 

• Conduct research on the psychological, social, and economic effects of firearm 
injuries on the injured, the shooters, the families of both, and communities. 

Alcohol As a Contributing Factor 

In addition to its specific recommendations regarding the types of injuries addressed in this 
paper, the panel notes that alcohol is implicated as a contributing factor in many of these 
types of injuries. Since policies that restrict the inappropriate consumption of alcohol affect 
home and leisure injuries as well as motor vehicle injuries, the panel reiterates and endorses 
the following recommendations of the Surgeon General's Workshop on Drunk Driving: 
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• Equalize federal excise tax rates by ethanol (pure alcohol) content for all 
beverages by raising rates for beer and wine to that of distilled spirits. Adjust 
the resulting equalized excise tax rate to reflect the change in the Consumer Price 
Index since 1970, and in the future, annually adjust the resulting excise tax rate 
to reflect changes in the price index for the previous year. (FG) 

• Strengthen enforcement of underage drinking laws with penalties for purchas­
ers, sellers, and servers. (SLG) 
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Home and Leisure Injury Prevention 
Part 2: An Infrastructure for Injury Control 

Executive Summary 

Injury is the leading cause of death and disability among this country's children and young 
adults, killing more Americans between the ages of 1 and 34 years than all diseases 
combined. Injuries rob Americans of more years of working life than all forms of cancer 
and heart disease and cost this Nation between $150 and$200billion annually (1). Yet injury 
research receives only 2 cents out of every federal dollar devoted to research on health 
problems. And despite the fact that millions of Americans experience firsthand the loss of 
a loved one or witness the irrevocable changes that disabilities cause in the health and 
livelihood of those who are injured, people too often continue to perceive injuries as random 
encounters with fate. The tragic consequences of injuries are compounded by the fact that 
they are, in many cases, preventable. 

During the next decade, implementation of the recommendations in this position paper will 
reduce the unacceptable and largely preventable toll that injuries take on our society. To 
achieve significant and lasting progress, however, we need an infrastructure for injury 
control that will coordinate efforts, avoid unnecessary duplication, ensure and sustain the 
continuity of resources, train a cadre of injury control researchers and practitioners, and 
develop and maintain standardized surveillance systems to identify problems, target inter­
ventions, and evaluate progress in preventing injuries and reducing their severity. 

Organizational Structure and Coordination 

A variety of public and private organizations are involved in injury control. These include 
federal agencies, state and local health departments, advocacy groups, employers, and 
universities. The need for a national lead agency for injury control that will provide 
leadership, guidance, and funding to these organizations is clear and has been defined in 
several reports to Congress, including Injury in America (2). Moreover~ the agency's funding 
must be adequate to meet the magnitude of the injury problem. 

Priority Recommendations 

Our priority recommendations are as follows: 

• The federal government should establish a federal Center for Injury Control to 
serve as the national lead agency for injury control. 

• The federal government should appropriate adequate funding for the Center to 
carry out a national injury control initiative, totaling $100-200 million per year. 
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• The CDC should establish a national strategic plan to direct the activities of the 
new center so that national injury control priorities can be set consistent with the 
Year 2000 Objectives. The plan should include the establishment of state and 
local capacity to carry out injury control programs as well as injury control 
research. 

• State legislatures should revise public health laws to include state and local health 
departments' surveillance and program implementation directed towards pre­
venting injuries as a major cause of years of potential life lost and morbidity. 

Training and Research 

Injury control encompasses many disciplines, including health care, epidemiology, engineer­
ing, ergonomics, architecture, public policy, law, and health communications. In these fields, 
however, graduate curricula rarely incorporate injury control principles. Lack of faculty 
expertise, funding, and training materials has thwarted scientific training in injury control 
and its incorporation into the many academic areas to which it is relevant. These barriers 
must be addressed, and training in injury control must be incorporated into allied health 
fields. 

Once a cadre of injury control researchers and professionals is created through training, it 
must be sustained through consistent funding for research and for the development and 
evaluation of intervention and prevention strategies. Without sustained funding, the needed 
scientific base for injury control will erode. 

Our priority recommendations for advancing injury control training and research are as 
follows: 

• To increase the pool of injury control professionals, CDC should develop and 
implement a strategic plan for national training based on the national injury 
control strategy and on sound education technology. The plan should call for 
identifying target audiences and learning objectives, developing model curricula, 
integrating injury control training into ongoing professional education, and evalu­
ating the success of these efforts. 

• The federal government should e).-pand funding of the CDC extramural research 
program to support approved but unfunded injury prevention research centers 
and research projects. 
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Surveillance 

Surveillance has been defined as "the ongoing and systematic collection, analysis, and 
interpretation of health data in the process of describing and monitoring a health event." In 
the case of injury control, surveillance data are potentially useful to a wider audience, 
including product manufacturers, builders, farmers, industries, small businesses, insurance 
companies, regulatory agencies, state and local governments, hospitals, advocacy groups, 
and researchers. 

Various injury control surveillance systems have been developed in response to the differing 
needs of those using the information. One approach is to gather data on severe injuries -
to whom, how, and where they occur - and to match appropriate prevention strategies to 
the circumstances leading to particular types of injuries. Another approach is to gather 
minimal data, such as data on external causes of injury (E-codes), in mortality and hospital 
data sets and then to use these data to identify high-frequency causes that need to be studied 
further. 

To achieve surveillance objectives and understand the relative effectiveness of various 
approaches, we offer the following priority recommendations: 

• External-cause-of-injury codes should be routinely obtained for hospitalized 
patients whenever an injury is the principal diagnosis or is directly related to the 
principal diagnosis. E-codes should be required for reimbursement by federal 
and private health insurance systems, and they should include two separate fields 
- one for cause of injury and another for place of occurrence, when appropriate. 

• Congress should fund CDC (perhaps through its National Center for Health 
Statistics) to contract with states to collect data on fatal nonmotor-vehicle inju­
ries. This effort would be equivalent to the Fatal Accident Reporting System 
used for on-road motor vehicles. 

• The CDC should assess the cost-effectiveness of alternative surveillance systems. 
This could be done by comparing different approaches used by health depart-
ments and other agencies. . 
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Occupational Injury Prevention 
Executive Summary 

Acute injury that occurs in association with work is a tragedy of enormous proportions. Every 
year in the United States-

48 Between 7,000 and 11,000 workers die because of job-related injuries. Most of 
these workers are in the prime of their lives. 

• 88,000 workers are hospitalized. 

• Almost 2 million injuries result in disability. 

• 75 million days of work are lost. 

• About 250,000 potential productive years of life are lost because of premature 
death. 

The overall cost of work-related injuries incurred in 1989 has been estimated by the National 
Safety Council at greater than $48 billion. This figure is less than the true cost because not 
all workers are included and intentional injuries are not counted. Even these statistics 
cannot convey the personal hardships that workers and their families undergo as a result of 
occupational injury and the tremendous cost to our society that these injuries impose. 

Most occupational incidents that result in injury to the worker are avoidable and could be 
prevented if known strategies were implemented widely. Strategies to reduce the number 
of injuries must be aggressive, directed, and supported by all who have a responsibility or 
interest in protecting workers, including workers themselves. Interdisciplinary action is 
crucial; government, industry, labor, universities, workers, and the public must focus atten­
tion on this problem and coordinate their efforts to solve it. 

Costs often playa significant role in decisions affecting occupational safety, both in public 
policy and at the individual company level. The costs of injury prevention are often given 
greater weight than the money that would be saved through reduced medical costs and 
increased productivity. In "selling" the prevention of occupational injuries, we need to stress 
the economic benefits as well as the human benefits. 

There is currently no standard definition of a work-related injury. Although some countries 
count injuries sustained by bystanders resulting from actions of others at work or injuries 
sustained by workers commuting to or from work, in the United States such injuries are not 
included in any definition of occupational injury. In the United States, a work-related injury 
is one that is attributable to work activities, which are defined as those duties or tasks that 
produce a product or result or are done in exchange for money, goods, services, profit, or 
advantage. 
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Lack of commitment to injury prevention could well be at the heart of the occupational 
injury problem in the United States. At present, there is no multidisciplinary, multi organ i­
zational approach to preventing occupational injury. Funds for research and training 
programs are scarce, and the lack of well-trained people in injury epidemiology and safety 
engineering is a real problem. When employers and employees are united in their commit­
ment to workplace safety, the number of work-related injuries decreases. We must convince 
organizations of the benefits of this commitment. 

The Year 2000 Health Objectives developed by the Public Health Service of the U.S. 
Department of Health and Human Services call for (a) reducing the number of deaths 
resulting from work-related injury; (b) reducing the incidence of injuries that result in 
medical treatment, time lost from work, or restricted work activity; and (c) implementing 
plans for state-based identification and prevention programs, increased worksite programs, 
consultation and assistance to small business, and increased awareness and attention by 
health care providers. However, the Year 2000 Objectives reflect the limitations of the data 
upon which they are based (e.g., the data on injuries to members of some high-risk 
occupational groups, such as the self-employed and most farm workers, are excluded). 
Improvements in surveillance will affect the reported numbers and rates of injuries and will, 
therefore, make it difficult to evaluate true change. Success of these objectives should take 
into account improvements in baseline data. 

Efforts to reach the Year 2000 Objectives must be augmented with complementary strate­
gies and incorporated into a national plan to prevent work-related injuries. This plan must 
include comprehensive and coordinated action steps in education, research, surveillance, 
and prevention. The catalyst for the success of national prevention strategies will be public 
consensus that injuries in the workplace are unacceptable. This change in awareness and 
attitude can be accomplished by developing a grass-roots initiative to broaden public 
appreciation and understanding, by educating the nation's youth from grammar school 
through college and postgraduate levels about the prevention of occupational injury, and 
by training researchers and practitioners in disciplines that have a positive impact on injury 
control. Above all, workers must be informed about risks and prevention measures and 
given the power and knowledge to report specific hazards and aid in their mitigation. 

Surveillance of occupational injuries should be enhanced to improve the timeliness, accu­
racy, and completeness of reporting at all levels, from the plant or company level through 
the national level, at which trends are monitored and research priorities established. 

Research must be conducted to describe the extent of the occupational injury problem in 
the United States, improve and standardize occupational injury surveillance systems, and 
develop and test hypotheses aimed at identifying risk factors through the study of specific 
injury problems in special populations. The most compelling problem areas warrant 
examination of workplace components to identify the circumstances under which injuries 
occur, potential causal mechanisms, opportunities for intervention, and prevention 
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strategies. Research efforts should emphasize "passive" or automatic protection in which 
hazards are designed out in preference to "active" prevention measures requiring frequent 
action on the part of the worker. Evaluation research should be used to test the effectiveness 
of preventive strategies under variable workplace conditions. 

Although surveillance and research provide future directions for occupational injury con­
trol, these activities cannot override the importance of doing something now. Known 
prevention strategies can and must be implemented at all U.S. worksites. Compliance with 
standards should be strictly enforced. The mandates of the Occupational Safety and Health 
Administration (OSHA) should be broadened to include workers not now covered. Infor­
mation about model programs should be developed into a broad communications system 
that provides a framework for sharing information and providing assistance, particularly for 
companies or organizations with few resources. 

Responsibilities within these broad categories can be identified for all the major participants 
in preventing occupational injury. 

Recommendations: 

Congress should -

• Extend Department of Labor responsibility and authority to cover all public 
sector and agricultural workers. 

• Expand worker empowerment and involvement under the Occupational Safety 
and Health (OSH) Act. 

• Make injury prevention a factor in awarding contracts, loans, and grants. 

• Set an example by protecting all federal employees. 

• Expand criminal prosecution for willful acts that endanger workers' lives. 

• Increase resources for occupational injury prevention programs and research. 

The National Institutefor Occupational Safety and Health (NIOSH) should-

• Design a model injury surveillance system, including sample forms for recording 
injuries. 

• Evaluate the effectiveness of intervention strategies. 

• Work with the Bureau of Labor Statistics and the Bureau of Census to improve 
worker population estimates, including those of minority, self-employed, mi­
grant, and other neglected workers. 
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• Study injuries in high-risk or poorly understood worker populations (e.g., agricul­
tural workers, the self-employed, adolescents, migrants, public sector employees, 
and employees in small companies). 

• Develop the laboratory capacity to develop worker protection systems. 

• Communicate to employers and workers information on hazards and hazard 
reduction strategies. 

• Work to improve fatality reporting and to establish data on work-related injuries 
requiring hospitalization. 

• Assist states in developing occupational injury control programs. 

OSHA and the Mine Safety and Health Administration (MSHA) with NIOSH should -

• Evaluate the effectiveness of standards. 

• Determine which inspection strategies work best in what circumstances. 

• Promulgate new and improved standards. 

• Develop the capacity to acquire and use injury data to set rulemaking priorities. 

• Significantly expand enforcement capability through the states. 

The Bureau of Labor Statistics should -

• Continue to develop its Census of Fatal Occupational Injuries program and 
establish its revised Occupational Safety and Health Survey. 

The National Center for Health Statistics (NCHS) should-

• Expand efforts to encourage and develop guidelines for work-related injuries to 
be reported on death certificates and for occupation and industry coding. 

The Department of Agriculture should -

• Coordinate with NIOSH in its outreach effort to improve safety and health in 
agriculture and rural small businesses. 

Unions and employees should -

• Identify and report potential hazards. 

• Work with employers to establish injury surveillance systems. 

• Include safety demands in collective bargaining. 

• Ensure that employers implement and evaluate injury prevention programs for 
workers. 
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• Participate with government agencies in developing injury prevention programs 
for workers. 

• Use workers' rights fully to promote safe workplaces. 

• Comply with established procedures for occupational safety. 

Employers should -

• Implement injury prevention programs for workers, with an emphasis on engi-
neering controls and other passive countermeasures. 

• Apply effective, state-of-the-art injury prevention measures. 

• Encourage workers to identify and report hazards. 

• Make safety and health a IIbottom linell component of all company activities. 

• Communicate information on injury experience and injury control programs in 
annual reports and other external communications. 

• Incorporate safe workplace design and practices in procurement, contracts, and 
acquisi tions. 

• Build training programs around job hazard analyses. 

• Identify, record, and report all injuries resulting in death, hospitalization, other 
medical attention, or lost time from usual job, separately, and use this information 
for injury prevention strategies. 

• Incorporate injury surveillance and prevention in business organization or prac­
tice. 

• Determine safety consequences of new technologies. 

• Implement rehabilitation programs that help injured workers regain full-life 
function and that comply with the Americans with Disabilities Act. 

• Share their prevention experience with other employers, especially employers in 
small companies with limited resources. 

State agencies should -

• Designate a lead agency to coordinate occupational injury prevention and control 
activities involving all relevant state agencies, including health, labor, workers' 
compensation, transportation, emergency medical service, vital statistics, law 
enforcement, and agriculture. 

• Coordinate occupational injury control activities with other injury control activi­
ties at the state and local level. 
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• Investigate deaths due to on-site work injuries (especially those not investigated 
by OSHA, MSHA, or the National Transportation Safety Board) through appro­
priate designated state agencies, including the health department. 

• Encourage local prosecuting attorneys and law enforcement officials to investi­
gate serious work-related injuries and deaths and pursue criminal prosecution of 
employers where appropriate. 

• Include worker injury prevention considerations in requirements for state and 
local permits and licenses. 

• Encourage the collaboration of workers' compensation programs and insurance 
companies to develop injury surveillance data. 

• Require that injuries at work be reported on death certificates. 

• Develop injury prevention programs for public workers in conjunction with cities 
and counties. 

• Adopt requirements for including an injury-at-work code on hospital discharge 
data. 

Insurance companies should -

• Provide policy holders with information on economic incentives for developing 
injury control programs. 

• Provide technical assistance in injury prevention to client employers. 

• Cooperate with other organizations in developing injury surveillance data. 

• Require, as appropriate, injury prevention programs for workers. 

Academic and research centers should -

• Conduct research on occupational hazards, injury occurrence, and injury preven­
tion. 

• Develop and evaluate injury prevention and control strategies in collaboration 
with federal and state agencies and representatives of the private sector, includ­
ing employers, workers, and advocacy groups. 

• Work with NIOSH, NCHS, the Bureau of Labor Statistics, and other relevant 
agencies to develop model forms and surveillance systems. 

• Help to develop a standard definition of work injury. 

• Work with management and labor to develop surveillance systems for specific 
companies. 
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• Stimulate the incorporation of injury prevention principles in all curricula and 
related educational materials for professionals in business, architecture, engi­
neering, public health~ nursing, medicine, and agriculture. 

• Develop injury prevention curricula for elementary and high school students. 

• Develop and evaluate rehabilitation programs. 

Advocacy groups should -

• Promote legislation, regulations, and initiatives that protect workers. 

• Educate the public regarding occupational injury. 

• Advocate injury control as a high priority. 

The news and entertainment media should -

• Im.prove reporting of the circumstances, costs, and preventability of occupational 
injury. 

• Run public service announcements on injury hazards and controls. 

• Reduce the portrayal of unsafe practices and portray behaviors that enhance 
injury prevention. 

Private foundations should -

• Give priority to funding research and evaluation regarding occupational injury. 

• Increase communication with governmental agencies regarding occupational 
injury prevention. 

Professional societies should -

• Provide their members with continuing education in injury prevention. 

Occupational injury is a public health crisis that demands immediate attention. Although 
it is important that improved surveillance establishes an accurate count of injuries and 
deaths and· that research and timely reporting result in new prevention strategies, it is 
absolutely essential that prevention strategies available now be used to protect workers 
today. The recommendations proposed in this position paper provide the plan to help us 
achieve these goals. 
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Trauma Care Systems 
Executive Summary 

The impact of trauma, or injury, on American society is profound. Trauma is the leading 
cause of years of potential life lost and the fourth leading cause of death in the United States; 
it causes more than 150,000 deaths annually. Each year, 57 million Americans are injured 
(1 in 4) seriously enough to require medical treatment. Nonfatal injuries account for 1 in 6 
hospital days and for 1 in 10 hospital discharges (1). Trauma and its adverse outcomes occur 
disproportionately among young and elderly persons, who have special trauma care needs. 
Overall, among children and adolescents aged 1 to 19 years, trauma causes more deaths 
than all diseases combined (2). 

Trauma, including intentional and unintentional injuries, takes a large toll on our society in 
terms of death, morbidity, and disability and creates huge problems in lost productivity and 
medical care costs. In 1985, the overall cost of trauma was estimated at $158 billion (1). 
That same year, trauma cost the federal government $21. 7 billion. This figure includes $8.9 
billion in direct medical payments and $12.8 billion in disability and death payments (1). 

Trauma care systems can play a significant role in reducing mortality, morbidity, and 
disability due to injuries. The optimal trauma care system is designed to care for all injured 
patients and provides a continuum of services, inc1uding prevention programs, prehospital 
care, acute care, and rehabilitation. In this document, this type of system is referred to as 
an inclusive trauma care system. A small subset of patients are major trauma patients with 
life-threatening injuries. Optimal care for these patients will require the resources of highly 
specialized institutions called trauma centers. 

The evidence that current trauma care systems which treat the most severely injured patients 
improve patient outcome is c1ear and indisputable (3-10). Since nonfatal, traumatic injury 
has a major impact on the young, effective trauma care systems can playa key role in 
returning these people quickly to their roles as functioning members of society. However, 
to address the needs of all injured patients, we must develop inclusive trauma care systems 
that involve all acute care facilities. Only then will we have a truly comprehensive and cost­
effective system. More importantly, the constant surveillance of injuries by trauma systems 
would allow identification of high-risk groups and injury problems. In turn, the information 
gathered would help in the design and implementation of effective changes in the environ­
ment to prevent injuries and ultimately lower the cost of injuries within a region (11). 
Recommendations in this paper were made because of the key role of trauma care systems 
in mitigating injuries and because of their support for the Year 2000 Objectives in Healthy 
People 2000 (12). 
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Major Challenges for Trauma Systems 

Public Education: Establishing trauma care as a major public health priority and educating 
the public about the benefits of an inclusive trauma care system are essential. An informed 
public will demand optimal care and effective injury prevention efforts, including training 
for health professionals in trauma care and research, education, and prevention programs. 
Support from the public, business, government, and a strong coalition of health professionals 
can provide the necessary impetus and funds to establish a national trauma care system. 

Financing Trauma Care: Current financing for trauma care is grossly inadequate. Recently, 
the proportion of uncompensated or undercompensated care has been so large that many 
metropolitan hospitals with trauma centers have closed their doors to severely injured 
persons. Treating large numbers of uninsured, severely injured patients, especially those 
associated with violent crime and drug abuse, has had a negative economic impact on 
hospitals and trauma care and has resulted in a shortage of professionals, such as prehospital 
care providers, trauma physicians, nurses, and technicians. Constantly increasing medical 
costs, combined with the decreased proportion ofthird-party reimbursement and decreased 
federal subsidies, continues to financially overburden hospitals that maintain trauma cen­
ters. Without significant changes in this financial situation, development of trauma systems 
will cease, and more trauma centers will close (13-16). 

Rural Trauma Care: Several challenges face rural trauma care. Limited access to care and 
prolonged response and transport times are detrimental to the outcome of the trauma 
patient. In addition, many health care providers in rural communities lack the experience 
necessary to provide optimal care because of their infrequent exposure to major trauma 
patients. Continuous training for rural health care providers is essential. Rural health care 
institutions depend on an inclusive and integrated trauma care system for support, referrals, 
and training. Without coordination and cooperation between rural care systems and urban 
hospitals in the same region, the rural trauma patient remains at higher risk for long-term 
disability and mortality (17-20). 

System Evaluation: To be effective, efficient, and proficient, trauma care systems require 
continuous monitoring and evaluation. In addition, the current competitive environment in 
health care delivery mandates routine evaluation of resources, facilities, and patient out­
comes to illustrate cost-effectiveness. A national uniform data set is essential for conducting 
this evaluation. This data set should be appropriate for use by all acute care institutions. It 
will be vital for demonstrating improved patient outcome, assessing quality of care, and 
directing resource allocation. 
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Key Recommendations 

• Establish trauma care as a national public health priority. 

• Develop, implement, and evaluate an inclusive trauma care system in the United 
States. 

• Develop, implement, and evaluate a national uniform data set for trauma care. 
National standards for case criteria and collecting, analyzing, and reporting 
trauma care data should be appropriate for use by all acute care institutions. 

• Increase the availability of funding for research on injury control. 

• Identify, implement, and evaluate cost-effective measures for trauma care sys­
tems. 

• Conduct a comprehensive evaluation of reimbursement problems and provide 
financial support for trauma care systems. 
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The Issue 

Acute Care Treatment 
Executive Summary 

Traumatic injury is epidemic in the United States, and it is the largest 1dlIer of people from 
1 through 44 years of age; which includes those in their most productive years. It continues 
to be a significant threat among older people and is among the four leading causes of death. 
Traumatic injury takes an economic toll greater than heart disease and cancer combined; 
even when it does not result in death, it is the cause of an extraordinary amount of disability, 
the human cost of which is impossible to quantify. 

Trauma, which has been called the number one public health problem in the United States 
today (1), particularly affects people in industrialized so(.;ieties, where heavy tolls are taken 
by occupational and household injuries and even heavier tolls by motor vehicle trauma. The 
United States, however, has an additional cause of trauma - interpersonal violence -
which causes a toll of death and disability not seen in other industrialized countries. 

Every year, 150,000 people in the United States die from trauma, and more than 2 million 
people are hospitalized as a result of injuries (2). The yearly economic losses, including 
direct medical costs, disability costs, and lost wages and taxes, amount to over $100 billion. 

Despite this appalling toll in human and economic costs, we have done little as a Nation to 
address this problem. Since 1967, it has been highlighted periodically in national white 
papers, but the public and legislative response can best be characterized as apathetic. 
Annual federal research expenditures related to trauma care ate approximately 5% ofthose 
for cancer, heart disease, or AIDS. The legislative response in mandating the development 
of trauma systems and trauma centers has occurred entirely at the state level and has been 
quite variable, with fe,;\ler than five states having any kind of complete system in place. 

The treatment phase of acute care begins before the patient reaches the hospital and 
extends through the hospital phase, including treatment in the emergency department, 
operating room, intensive care unit, and hospital ward. Rehabilitation should begin while 
the patient is in the hospital phase of treatment. 

Although the medical care of traumatized patients is generally well defined, improved care 
is needed in many areas if we are to reduce the toll of death and disability. In the broadest 
sense, the goal of the treatment phase is to minimize the effects of the injury. In this chapter, 
we identify and discuss those areas of acute care treatment that we believe need further 
study and improvement. 
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The Challenges 

The principal goal of treatment is to give patients the care that will lead to their maximal 
functional recovery. Starting in the prehospital environment and continuing through all 
phases of hospital care, the aim of those providing acute care treatment is to minimize the 
effects of injury. In many situations, however, the correct treatment method is not apparent, 
since many standard care procedures have not been objectively studied, particularly those 
in the prehospital environment. 

Early mortality among traumatized patients is due principally to head and high spinal cord 
injury (50%), blood loss (30-40%), and airway and pulmonary compromise (5-15%) (3). 
With all of these causes, the time between injury and treatment becomes a critical variable 
that must be factored into the decision process. Severe airway and pulmonary compromise 
generally must be relieved within minutes if the patient is to survive: major bleeding must 
be addressed from within minutes to as much as 1 to 2 hours; and for the most effective 
results, persons with head injuries should be treated within 2 to 3 hours. Timeliness is far 
more important in trauma treatment than in most other areas of medical care. Tl111.s a major 
challenge of treatment is not only to determine and carry out the optimal treatment but to 
do so within an appropriate time frame. To better understand what lIan appropriate time 
frame ll is, we need to investigate the relationship between the time from trauma to treatment 
and the patient's outcome; we also need to study the effectiveness of particular treatments 
conducted under particular time constraints. 

In the hospital, the major challenge to health care providers is to rapidly determine the 
nature and extent of a patient's injuries and to quickly provide the proper treatment, again 
with an awareness of the crucial role time plays in determining the outcome. We need to 
improve diagnostic modalities in several areas, particularly in those related to perfusion and 
oxygenation at the tissue level. 

Among those patients whose bleeding has been controlled and who survive the acute phase 
of injury, the major cause of death during the first few days is irreversible cerebral damage 
or uncontrollable cerebral swelling. We urgently need research into methods of reducing 
secondary cerebral injury and of controlling brain swelling. Methods now in use have 
changed little over three decades and are inadequate in a substantial number of cases. 

Deaths among trauma patients who survive the first few days are most often due to infection 
and organ failure, with the lung being the most commonly affected organ. The body's 
response to traumatic tissue damage and major blood loss appears to result in an activation 
of multiple processes (collectively known as the inflammatory response) that are themselves 
destructive to body tissues in various ways. As the result of advances in molecular biology, 
our knowledge of these processes has expanded dramatically in the last few years, and our 
understanding of the inflammatory processes is similarly increasing. The nature of the 
inflammatory response, however, needs to be investigated further; our goal should be to 
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develop agents that can attenuate the inflammatory response or modify it in beneficial ways 
while not causing further damage. 

Finally, the overall impact of trauma care systems needs much greater study and validation 
if we are to build broader support among third-party payers, nontrauma system providers, 
and other interested parties. The lack of development of trauma systems is partly because 
no large-scale studies of the cost-effectiveness of trauma care have been conducted. Such 
studies are needed if we are to clearly demonstrate the value of trauma care, to define the 
potential benefits from widespread implementation of trauma care systems, and to support 
the Year 2000 Objectives in Healthy People 2000 (4). 

In the detailed material to follow this executive summary, we will examine the broad areas 
touched on above and make specific recommendations. 

Key Recommendations: 

To improve the treatment of trauma patients, we recommend that the following research 
goals receive priority: 

• Evaluate (with a multidisciplinary group of professionals from fields such as 
marketing, public relations, and psychology) why the public does not provide 
greater support for efforts to reduce the toll of injuries, despite their significance 
as a cause of morbidity and mortality in all age groups. 

• Develop improved methods to score injury severity and to evaluate and predict 
clinical outcomes in the general trauma population as well as among specific 
populations in the areas of pediatrics, neurotrauma, burns, and orthopedics. 

• Develop population-based studies of trauma outcomes and of the cost-effective­
ness of trauma system care versus traditional health care. 

• Define the optimal treatments to be given before patients reach the hospital, the 
relationship between the time it takes them to reach the hospital and their 
outcome, and the optimal resuscitative fluid to use on patients before they reach 
the hospital. 

• Formulate objective trauma treatment guidelines for use in the emergency 
department phase of care, including guidelines for improved diagnosis of ab­
dominal injuries. 

• Develop techniques for real-time monitoring of tissue perfusion and oxygenation. 

• Support basic scientific investigations of the inflammatory process, including the 
immunologic, metabolic, hormonal, and cytokine responses to traumatic injury. 
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• Develop better methods for assessing perfusion and metabolism in all tissues and 
for evaluating agents used to modulate the inflammatory and growth processes 
that can lead to tissue damage after injury. 

• Develop and conduct clinical trials of pharmacologic agents used to treat acute 
sequelae of traumatic injury, particularly those that reduce edema of the brain 
and spinal cord, attenuate;he inflammatory response, and enhance healing. 

• Evaluate new treatment modalities of nutritional support, including the early 
institution of nutritional support, the use of nutritional regimens with enhanced 
concentrations of specific nutrients, and the use of enteral alimentation to 
enhance immunologic responsiveness. 

• Develop and test new orthopedic therapies to enhance healing, reduce immobi­
lity and disability periods, and improve functional outcomes. 

• Develop interventions that address the psychosocial impact of traumatic injury 
on patients and their families. 
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Rehabilitation of Persons with Injuries 
Executive Summary 

Improvements in emergency medical systems, trauma centers, injury prevention, and medi­
cal and surgical management have resulted in increased survival rates for people with serious 
injuries. Mere survival, however, is not enough; children and adults with injuries need 
rehabilitation and educational services to help them regain biologic, psychologic, and social 
functions. These services must be comprehensive, longitudinal, and coordinated. Rehabili­
tation must be seen as part of a continuum of care provided to people with injuries by an 
interdisciplinary team and by the injured person's family from the early acute stage to the 
end of the person's life, if necessary. 

In terms of human suffering and costs, injuries exact a huge toll, especially injuries in the 
following six major categories for which a person requires intensive rehabilitation services. 

Spinal Cord Injury. Estimates of people with spinal cord injury (SCI) in the United States 
range from 177,000 to 200,000, and 10,000 to 20,000 more people receive an SCI each year. 
Most people with SCIs are permanently impaired, and most have major disabilities. In the 
United States, the cost of SCI is estimated at $6.2 billion annually. 

Traumatic Brain Injury. No surveillance data with exact numbers of traumatic brain 
injuries exist. An estimated 70,000 people annually incur moderate-to-severe head injuries 
and require long-term rehabilitation services to help cope with cognitive, behavioral, and 
emotional deficits. Children and young adults are disproportionately affected by traumatic 
brain injuries and often require lifelong rehabilitation services. 

Burns. About half of all people who receive burn injuries require medical care. Each year, 
between 70,000 and 100,000 hospital admissions are for burns; about a third of these 
admissions are to facilities with specialized burn units. Data are limited on long-term 
sequelae to burn injuries, rehabilitation outcomes, and the costs of rehabilitation care for 
burns. 

Limb Injuries. About half of all hospital trauma admissions are due to injuries to the upper 
and lower limbs, resulting in a total of $5.4 billion in hospital charges. 

Back Injuries. Of the estimated 5.2 million Americans with low back pain, about half are 
chronically disabled. Low back pain is the most common cause of work disability in adults 
younger than 45 years of age. The cost of compensable low back pain has been estimated 
at $11 billion. 
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Poly trauma and Other Injuries. Poly trauma (injuries to more than one body system) occurs 
frequently. For example, about half of all people injured in motor vehicle crashes have 
multiple injuries, including head, spinal, facial, or extremity injuries. Each year, an esti­
mated 2.4 million Americans suffer from an eye injury, and nearly 1 million Americans now 
have permanent visual loss as a result of ocular trauma. 

Rehabilitation can improve functional outcomes by maintaining function of body systems 
. and reducing residual disabilities. Unfortunately, rehabilitation services are not available 

to all who need them. The capacity of the health care system to provide rehabilitative 
services is not uniform throughout the country; services are sometimes fragmented and 
poorly distributed. Moreover, the cost of rehabilitation is a barrier for people who lack 
medical insurance or third-party payers for medical expenses. 

Although great progress has been made in the development and delivery of rehabilitation 
services, many improvements are still needed. Two recent developments are encouraging. 
First, the passage of th.e Americans with Disabilities Act reflects a recognition of the rights 
of persons with disabilities to have access to employment and to an independent, noninsti­
tutionallifestyle. This legislation will have a major impact on our Nation when it becomes 
law in 1992. Similarly, the recently published Institute of Medicine study, Disability in 
America, will have an impact on policymakers and researchers by providing them with a 
framework for prevention strategies (1). 

This position paper has been developed to serve as a national agenda for rehabilitation 
services, research, and policy for this decade while supporting the Year 2000 Objectives in 
Healthy People 2000 (2). Vital to this agenda is the belief that all injured children and adults 
and their families should receive the benefits of rehabilitation that are currently available 
and that research, both basic and applied, should receive adequate funding. Our goal is to 
establish, by the year 2000, a cost-effective system of rehabilitative care that will permit an 
injured person to achieve optimal health, personal autonomy, and an independent, nonin­
stitutional lifestyle. A cost-effective system of rehabilitative care will help achieve an 
important objective of Healthy People 2000, namely the reduction of secondary disabilities 
as a result of head and spinal cord injuries. 

We acknowledge that this is an ambitious goal and that it requires substantial financial 
commitment, new systems of health care delivery, and new research and evaluation. The 
achievement of this goal depends on cooperation and collaboration among researchers, 
clinicians, consumers, families, communities, and public and private agencies. We believe 
that obtaining the finances and the cooperation needed to attain this goal is possible. 
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Six major area!: need special attention. 

Basic Science Research 

The National Institutes of Health (NIH) convened a group of experts in rehabilitation 
medicine, behavioral and social sciences, allied health, nursing, and related fields to help 
determine what research is needed to build a strong foundation for rehabilitation services. 
This task force recommended a solid program of basic science research and outcome 
research. In addition, NIH recently established the National Center for Medical Rehabili­
tation Research to address the need for basic rehabilitation research. We strongly endorse 
the recommendations of the NIH task force report and the establishment of the National 
Center for Medical Rehabilitation Research. We recommend establishing a cohesive 
program of research that would include projects ranging from basic science to ways injured 
persons can function in the community. 

Injury and Rehabilitation Surveillance 

The field of rehabilitation is hampered by lack of data on etiology, risk factors, treatment, 
and outcomes related to rehabilitating persons with injuries. Evaluating preventive strate­
gies and clinical care approaches is important; however, without objective measurement 
tools, measuring evaluation outcomes is difficult. We recommend developing a clinical care 
data base that would include epidemiologic information on etiology, risk factors, treatment, 
outcome, and cost on all persons with injuries. 

Information Dissemination and Technology Transfer 

Information from researchers must reach clinical and public health programs and the 
general public, and information about gaps in care, the relative effectiveness of various 
clinical care strategies, and emerging problems must reach researchers. We recommend 
that high priority be given to funding proposals for information dissemination and tech­
nology transfer among researchers, clinicians, all health-care providers, injured persons 
and their families, and community members. 

Increased Capacity for Delivering Rehabilitation Services 

Comprehensive rehabilitation services are not uniformly available throughout the country. 
Successful clinical service systems, such as the Model Spinal Cord Injury Care Systems, 
provide integrated care by using existing clinical and prevention knowledge. Such innovative 
systems, however, are not available in all regions of the country, and not everyone who needs 
such services can afford them. We propose that systems of care be developed for all people 
with injuries that produce significant limitations in function and that the effectiveness of 
these systems be evaluated. 

Executive Summary 
69 



Research on Clinical and Health Services 

Many types of interventions and other factors influence the medical outcomes and quality 
of life of a person with disabilities. Health systems research, incorporating a variety of 
innovative and traditional approaches, is needed to address issues such as access to and 
payment for services, cost-benefit analysis of rehabilitation services, reemployment train­
ing and back-to-work incentives, and combinations of traditional and nontraditional 
rehabilitation services and therapeutic methods. 

Training 

The field of rehabilitation faces shortages of trained medical, allied health, and nonmedical 
care givers. Various professional and nonprofessional groups need many levels of training. 
Formal methods must be developed to train, support, and certify personal care attendants 
who are critically important in helping people with disabling injuries achieve independence. 
We strongly believe that more trained personnel are needed in all areas of rehabilitation, 
including research, clinical care, and personnel services, to ensure the development of 
model systems of rehabilitative care. 
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Where WeAre 

Dimensions of the Problem 

With about 500 million cars and commercial vehicles in use worldwide, more than half a 
million people die each year in motor vehicle crashes. In the United States alone, motor 
vehicle crashes have killed 2.8 million people since 1900 - more than twice the number of 
Americans killed in all U.S. wars since 1775. Motor vehicle crashes are the leading cause 
of death among U.S. citizens for all age groups from 1 through 34 years of age (1); the third 
most significant cause of years of potential life lost, after heart disease and cancer (2); and 
the leading cause of work-related deaths. At current rates, approximately 1 of every 70 
babies born will eventually die in a motor vehicle crash. 

The risk of premature death is only one dimension of this public health hazard. In the United 
States each year, crashes are responsible for more than 500,000 hospitalizations and 4.8 
million nonhospitalized injuries (2). Motor vehicle crashes are the major cause of serious 
head and spinal cord injuries leading to permanent disabilities; they account for one-third 
to one-half of all serious head injuries, and an estimated 30% to 60% of all spinal cord 
injuries (2). At current rates, approximately 3 of every 100 babies born will eventually suffer 
a disabling injury in a motor vehicle crash. 

The economic impact of crash-related injuries is often overlooked. The estimated economic 
cost to the Nation from motor vehicle crashes in 1985 exceeded $75 billion. The injury-re­
lated costs were $48 billion, of which $12 billion were for direct medical and rehabilitation 
costs, $19 billion for indirect productivity costs associated with morbidity, and $17 billion for 
indirect productivity costs associated with mortality (2). 

In view of these burdens, the benefits to be derived from reducing crash-related injuries are 
great indeed. They include reductions in costs of emergency department visits, hospitaliza­
tion, rehabilitation, home care, public assistance, productivity losses, and pain and suffering 
among injured persons and their loved ones. In these times of fiscal constraint, with an 
urgency to address the appropriate allocation of dollars, it is prudent for society to think of 
the unseen as well as the seen victim. In the words of Dr. Harvey Fineberg, Dean of the 
Harvard University School of Public Health, who spoke at the 1988 Joseph W. Mountin 
Lecture at the Centers for Disease Control (CDC): 

Many people will remember the names and faces of those babies who are 
presented on television or in newspapers as needing a liver transplant. But 
how many people ever think about the baby in the automobile accident who 
died and whose liver becomes the liver that is available for the transplant? 
Can we discern if the life of the baby in the automobile is any less precious 
than that of the baby who is in need of the transplant? (3) 

--~--~-
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Motor vehicles are integral to our lifestyles, and the number of vehicle-miles traveled yearly 
per person continues to grow. From 1965 to 1990, motor vehicle mileage for the U.S. 
population increased more than 133%, from under 900 billion to over 2.1 trillion miles per 
year (Figure 1). Vehicle miles of travel are expected to continue to increase throughout the 
1990s. In 1989, there were 24,300 fewer deaths than there would have been if the 1980 rate 
had continued undiminished (National Highway Traffic Safety Administration (NHTSA) 
press release, November 1990). 

Efforts to predict the magnitude of the highway safety problem more than 10 years into the 
future have been notoriously unsuccessful. In the past, many analysts forecast increases in 
the annual highway death toll from the 40,000 to 50,000 range to the 60,000 to 80,000 range. 
Such projections have usually assumed steady annual increases in vehicle-miles of travel and 
a constant death rate per mile of travel. In fact, the death rate (per 100 million vehicle-miles 
traveled (VMT)) has declined from 15.6 in 1930 to 5.1 in 1960, and to 2.1 in 1990 
(Figure 1). 

Factors that may depress the mileage death rate in the 1990s include 

• A decrease in the relative size of the teenage driving population. 

• Increased population density and urbanization. 

• Further reductions in alcohol consumption and alcohol-involved crashes. 

• Further increases in occupant restraint use. 

e Vehicle safety improvements, including airbags and side impact protection. 

• Decreasing use of motorcycles and increasing use of motorcycle helmets. 

• Roadway improvements. 

Factors that may inflate the mileage death rate include 

• An increase in the number of elderly drivers, passengers, and pedestrians. 

• Continued increases in vehicle speeds, including speeds on rural interstate highways 
following the implementation of 65 mph speed limits (4). 

• More vehicle downsizing and sales of small cars in response to gas prices and 
pressures for improved fuel economy. 

• Continued increases in large truck and trailer weights. 

Unless major new intervention programs are implemented, the annual U.S. death toll from 
motor vehicle crashes probably will remain in the 40,000 to 50,000 range over the next few 
years. 

This paper is entitled "Motor Vehicle Injury Prevention, II but it is not intended to be 
exclusionary or limiting, and where applicable, the concepts discussed should be applied to 
the prevention of injury associated with all common road vehicles, including nonmotorized 
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Figure 1 

Vehicles Miles Traveled (VMT) and Traffic Fatality Rates, 
United States, 1921-1990 
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vehicles, such as bicycles. In this paper, the terms highway safety, motor vehicle injury 
prevention, road safety, roadway safety, and traffic safety are, in general, used interchange­
ably. 

Cost-Effective Prevention Opportunities 

Motor vehicle injury prevention is a sound investment of scarce public health and highway 
safety dollars. Health economists have compared the estimated costs per life (and life year) 
saved by numerous public health programs. Such studies have consistently concluded that 
traffic safety programs are more cost effective than almost all other kinds of public health 
interventions. For example, Graham and Vaupel (5) found that the median cost per life 
year saved for selected National Highway Traffic Safety Administration (NHTSA) pro­
grams was over 100 times less than for selected occupational and environmental health 
programs. Similar findings have been reported by Schwing (6), Bailey (7), and Morrall (8). 

The cost-effectiveness of regulatory actions also varies tremendously, reflecting the poor 
allocation of society's resources for reducing risk. An example of this variation appears in 
the Federal Budget for Fiscal Year (FY) 1992: on the average, spending $2 million 
regulating cancer risks posed by wood preserving chemicals prevents one cancer case every 
2.9 million years, whereas the same amount spent on highway safetvj saves at least one life 
in just a feV( years (9). The evidence suggests that our limited public health resources could 
lower costs and save more lives if they were reallocated to favor more traffic safety 
investments. 

If traffic safety programs reduce the number or severity of injuries, they can produce 
economic savings. Motor vehicle injuries account for 9% of all nonhospitalized injuries, but 
they account for 22% of all injury-associated hospitalizations, 32% of all injury-associated 
fatalities, 31 % (or $48.7 billion) of the total lifetime costs of injuries in the United States 
(2), and more than 25% of all uncompensated hospitalization charges. Expressed in 1985 
dollars, the average lifetime cost per person injured by a motor vehicle exceeds $9,000 (2), 
and the average cost per fatal injury exceeds $350,000 (2). These cost estimates include only 
medical costs and losses in economic productivity. When dollar values are added for pain 
and suffering and other quality-of-life factors, the costs are frequently 10 times greater than 
these estimates (10). The U.S. Department of Transportation (DOT) currently uses $1.5 
million for the dollar value per life when conducting cost-benefit analyses; this value includes 
some consideration for pain and suffering. 

The results of cost-benefit analyses of motorcycle helmets, child safety seats, and airbags 
suggest that the economic savings in terms of medical and rehabilitation costs far exceed the 
cost of these protective devices. For many highway safety programs, the economic savings 
have been estimated to exceed program costs (see Table 1) (11-20). 
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No Single Magic Solution 

As with many diseases that affect large numbers in the population, no single magic bullet 
- technological or behavioral - will eliminate the problem of motor vehicle injury. Over 
the past 4 decades, numerous interventions in motor vehicle and highway safety have 
contributed incrementally to reductions in the likelihood of injury in the United States. 
These countermeasures have included public awareness, education, and incentive pro­
grams; legal proscriptions; innovative vehicle and equipment designs; improved roadways, 
enhanced emergency medical services (EMS) systems; new acute care technologies at 
trauma centers; and modernized rehabilitation programs. A multifaceted approach has 
been necessary because of the complexity and array of significant traffic problems that 
contribute to morbidity and mortality on our roads. 

In September 1990, as part of a "management-by-objectives" planning process, Secretary of 
Health and Human Selvices, Louis Sullivan introduced 298 health objectives for the Nation 
(21). A complete list of objectives relating to motor vehicle injury control appears in 
Appendix A. The wide range of issues reflected in the following summary of the relevant 
objectives illustrates that no single strategy will solve the problem of motor vehicle injuries: 

• Reduce the rate of motor-vehicle crash deaths per VMT. 

• Reduce serious nonfatal head injuries. 

• Reduce nonfatal spinal-cord injuries. 

• Reduce secondary disabilities associated with injuries of the head and spinal cord. 

• Increase use of active and passive restraints. 

• Increase helmet use by motorcyclists. 

o Extend laws on safety-belt and motorcycle-helmet use to all states for all ages. 

• Reduce deaths caused by alcohol-related motor vehicle crashes. 

• Reduce per capita alcohol consumption. 

• Extend administrative license suspension and revocation laws (or other effective 
programs) to all states. 

• Enact and enforce laws that reduce access to alcoholic beverages by minors. 

• Restrict alcoholic beverage promotions that are focused principally on young audi­
ences, 

• Extend blood alcohol concentration (BAC) tolerance levels of .00% for drivers under 
the age of 21 to all states, 

All of the recommendations in this paper that address the Year 2000 Objectives are so noted 
in the text. The panel's recommendations, however, extend beyond the focused Year 2000 
Objectives listed in Appendix A. 
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Table 1 

Highway Safety Impl"Ovements 
With The Highest Benefit-Cost Ratios 

1974-1989 

Percent Reduction in Injury 
Rates After Improvements 

Construction Fatal Nonfatal Fatal and 

Classification Injury Injury Nonfatal 
Injury 

Illumination ~7 22 22 

New Median Barrier 65 6 9 

Upgrade Bridge Rail 75 32 36 

Upgrade Guardrail 40 8 10 

Traffic Signs 28 8 8 

Remove Obstacles 50 23 24 

New Traffic Signals 52 20 21 

Upgrade Median Barrier 45 27 27 

Impact Attenuators 33 35 35 

Improve Minor Structure 35 20 21 

Source: (20) 

Notes: 1. Revised project cost indices were used to convert the original construction 
cost of each project to 1987 dollars. The indices are used to counter the effect 
of inflation when comparing the benefit-cost ratio of safety projects 
implemented in different years. The indices are based on information 
provided in a Federal Highway Administration (FHWA) publication entitled 
"Price Trends for Federal-Aid Highway Construction," Second Quarter 1989. 

2. Costs (in 1986 dollars) of $1,500,000 per fatality and $11,000 per injury were 
used in calculating the benefit-cost ratio of highway safety improvement 
projects. These costs are based on the findings of a 1986 FHW A research 
contract entitled "Alternative Approaches to Accident Cost Concepts." 
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Factors that Transcend Motor Vehicle Injury 

The solutions to the problem of motor vehicle injury do not lie solely in the realm of either 
traffic safety or public health. Many behaviors and risk factors are associated with both 
traffic safety trends and larger, societal issues. Illustrative behaviors and risk factors include 
impaired driving, risk taking, age, and literacy. 

Impaired Driving 

The traffic safety community has long recognized the association of alcohol and other drugs 
with serious motor vehicle crashes, and during the last decade, public awareness has risen 
considerably. Citizen advocacy groups demanded greater attention to the morbidity and 
mortality attributable to impaired driving. Enforcement and sanctions are necessary to 
combat impaired driving, but a more comprehensive approach must be taken if significant 
progress is to be made in preventing impaired driving. 

In 1988, the Surgeon General's Workshop on Drunk Driving was convened as the first major 
national public health effort to take a comprehensive approach to alcohol-impaired driving 
(22). The workshop's origins in the public health community and its attention to the effects 
of alcohol on motor vehicle safety constituted an important and growing link among the 
alcohol, health, and transportation communities. 

The workshop addressed enforcement and judicial procedures, but it also examined the 
pricing and availability of alcohol, the advertising and marketing of alcohol, and transpor­
tation and alcohol service policies. Changes in each of these areas have the potential to 
reduce alcohol consumption and minimize its deadly ai1d costly effects on individuals and 
society. This comprehensive approach to impaired driving has triggered some opposition. 
However, it is unlikely that we will substantially reduce impaired driving until and unless we 
(a) reduce problem drinking, drug use, and total per capita alcohol consumption, and (b) 
modify many commonly accepted current practices such as granting licenses to drinking 
establishments that can be reached only by private transportation and allowing the alcoholic 
beverage industry to sponsor events targeted at audiences who are below the minimum 
drinking age. 

Specific recommendations regarding alcohol are addressed in the section titled "Program 
Successes," and in "How We Get There," page 129, under "Corporate America." 

Driver Attitudes and Risk Denial 

The risk of involvement in a fatal crash is often expressed in terms of fatalities per VMT. 
Today, the motor vehicle crash fatality rate is less than 2.1 per 100 million VMT. As Figure 
1 shows, this rate represents a dramatic decrease in rates from earlier years and reflects 
improvements in many aspects of traffic safety. The decline in the fatality rate, however, 
obscures the tremendous variation in relative risk. For example, an 18-year-old male is over 
nine times more likely to be involved in a fatal crash than a 40-year-old male. Drivers whose 
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BAC levels are > .10% are more than 12 times as likely to be involved in a fatal crash as a 
sober driver (23). The use of safety belts, the vehicle's weight and speed, and even the type 
of road on which a driver is traveling, all combine to affect a driver's relative risk. Some 
aspects of relative risk have been minimized through improvements in the safety features 
of roads and vehicles. However, driver behavior and actions also play an important and 
often decisive role in either increasing or decreasing relative risk. 

Many motor vehicle crashes can be classified into one of two groups: crashes that are the 
result of aggressive, reckless driving, and crashes that are the result of lapses in judgment 
by otherwise attentive, responsible drivers (24). Vehicle and roadway design can potentially 
help good drivers avoid crashes, but a reckless driver can overcome built-in safety features 
by driving irresponsibly. 

Aggressiveness is a beh'ivior issue related to the individual driver, individual motivation, and 
peer pressures. Drivers who routinely take irresponsible risks with their vehicles must be 
reached in order to reduce traffic casualties. This may require early education and training 
of children before they get driving privileges (25), and careful review of television and film 
portrayals of heroes who unrealistically avoid the consequences of reckless driving and 
speeding. Aggressive driving is a critical factor in injuries among adolescents and has been 
associated with other risk-taking behaviors (26). These issues warrant further study, as do 
various behavior-based interventions (27). 

Age 

Age is one of the most powerful risk factors for motor vehicle injury, in part because it relates 
to alcohol consumption, aggressive behavior, and driver capabilities (26). Raising the 
minimum age of licensure has been proposed as one solution to the higher crash risk of 
young drivers. This would not reduce any crash risk due to inexperience in driving, but would 
reduce appreciably the risk due to immaturity and to exposure. 

Although age per se should not be used as a criterion for denying a license at the other end 
of the age continuum, the risk of crash per mile driven increases after age 65, and markedly 
so after age 75 (Figure 2). Increased age is also associated with higher probability of serious 
or fatal injury in a crash of given severity (28, 29). However, continued mobility may be a 
factor in maintaining the health and psychological well-being of the elderly (30), and mobility 
needs should be balanced with safety concerns. 

The changing demographics of our population herald increases in the older driving popu­
lation and decreases in the younger driving population. Changing demographics will require 
broad societal attention to developing appropriate alternative transportation systems for 
older people no longer able to drive and to urban planning that enables older people to 
meet their needs with reduced exposure to traffic. 

Motor Vehicle Injury Prevention-Where We Are 
84 



:i': 
o 
Q 
~ 
::r o· 
CD 
2: 
s:: 
-< 
-0 

~ 
CD 
3-o· 
:J 

~ 
::r 
CD 
Ii) 

~ 
m> 
OJ Ii) 

Figure 2 

Driver Involvement in Fatal Crashes and 
Fatal Involvement Rates by Age, United States, 1983 
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Literacy 

A causal relationship between literacy and driving performance has not been proven, but 
the two appear to be related. Literacy is clearly related to socioeconomic status. In one 
state, applicants taking the oral version of the knowledge test to obtain a driver's license had 
more crashes and in older vehicles, when other relevant factors were considered (31). 
Addressing such a fundamental problem might augment highway safety efforts to reduce 
injuries. 

Research Successes 

Successes in motor vehicle injury prevention have not come easily, but when they have, they 
have usually been based on advances in scientific knowledge of the causes of injury and the 
methods of injury reduction. These advances in driver, vehicle, and highway safety have 
been achieved by years of scientific research, development, testing, and evaluation. 

Between 1966 and 1982, improvements in motor vehicle safety resulted in the saving of at 
least 90,000 lives and the prevention of hundreds of thousands of injuries (32-34). Each year 
selected vehicle safety programs save more than 4,000 lives and prevent more than 150,000 
injuries (11-19). These numbers are expected to increase substantially as airbags, safety 
belts, and side impact improvements come into more widespread use. 

State safety belt use laws save an estimated 3,600 lives each year (35, 36). An estimated 
1,100 lives each year have also been saved (37) as states have passed and enforced "Age 21" 
minimum drinking age laws (38) and have taken other similar measures based on research 
to prevent alcohol impaired driving (39, 40). Roadway safety research has been another 
contributor to saving lives and preventing injuries (Table 1). These various safety features 
are based on research conducted or supported by various government agencies, automotive 
manufacturers, and automotive suppliers (41). 

Despite the effectiveness of traffic safety programs, federal safety research funds have not 
been sufficient for studying vehicle crashworthiness, crash avoidance, highway safety, and 
driver behavior; hence there has been a reduction in the number of scientists and engineers 
with expertise in traffic safety working in the field. Several universities and research 
organizations that once were productive contributors to the advances in motor vehicle safety 
no longer engage in safety research. Private sector research on safety has also struggled. 
As a result, insufficient funds have kept new researchers from entering the field. 

A comparison of federal research investments indicates that motor vehicle injury research 
is a relatively neglected field. In FY87, the NHTSA research budget was $39.8 million, and 
the total federal expenditure for injury-related research was $160 million. By comparison, 
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the FY87 budget obligation for the National Cancer Institute was $1.4 billion, and $930 
million for the National Heart, Lung, and Blood Institute (42). 

The NHTSA FY90 research and development (R&D) budget for motor vehicle safety of 
$32.4 million amounted to about $619 per death. Compared with the annual costs to society 
that are associated with motor vehicle injuries, this reflects about six cents invested per $100 
in economic costs to society, or about $17 per life year lost because of motor vehicle fatalities. 
When the Federal Highway Administration (FHWA) R&D budget for safety of about $6 
million and CDC funds of about $2 million earmarked for motor vehicle injury prevention 
research are included, the total amounts to about $41 million (42). This amounts to $21 per 
life year lost to motor vehicle injuries in contrast to federal R&D spending of $86 per life 
year lost to cardiovascular diseases and $195 per life year lost to cancer. Per life year lost, 
the federal R&D expenditures for motor vehicle injury represent less than one-ninth of 
those for cardiovascular disease and cancer. 

With better funded research programs and trained researchers, the Nation can continue the 
scientifical1y based motor vehicle safety progress reflected in current effective interventions, 
such as vehicle occupant protection, safety legislation, public education, and law enforce­
ment. These interventions are already saving many thousands of lives each year, and they 
prevent many more thousands of serious injuries, 

Program Successes 

Motor vehicle injury prevention .is a promising and exciting field because significant program 
successes have already been proven. These successes are encouraging, but more work needs 
to be done in each of the critical areas described below. 

Occupant Protection 

It is estimated that among front seat passenger-vehicle occupants over 4 years of age, safety 
belts saved more than 4,800 lives in 1990, almost 3,000 of which were related to belt use laws 
(43). In 1988, surveys indicated that belt use in states with belt laws averaged about 50%, 
but varied widely from state to state, from 68% in Hawaii to only 27% in Tennessee (44). 
Belt use is generally lower in states without belt laws, but those states also show substantial 
variance in belt use (45, 46). It is estimated that if only 70% of all vehicle occupants had 
been protected by safety belts in 1990, another 3,750 lives could have been saved (43). As 
safety belt use becomes a common practice and supplementary airbags become more widely 
available, many more lives will be saved (Appendix A, Objective 9.12). 

When combined with public education, enforcement, and incentives, belt use laws can 
significantly increase belt use rates and reduce injuries (47, 48). An analysis of Fatal 
Accident Reporting System (FARS) data from 1975 through 1986 revealed that among 
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occupants of cars in 24 jurisdictions with safety belt use laws, total crash fatalities were 6.6% 
lower than the number forecast from previous trends (49). In several of these jurisdictions, 
downward shifts in the number of fatalities were linked to the month of the law's onset (49). 
By August 1991,42 states, the District of Columbia, and Puerto Rico had enacted safety belt 
use laws. Safety belt use laws that allow for primary enforcement empower law enforcement 
officers to stop drivers for a belt use violation alone, whereas secondary enforcement laws 
require that a vehicle must first be stopped for some other traffic violation before citing the 
driver for a belt use violation. Whereas laws that allow for primary enforcement have no 
additional costs, states in which primary enforcement laws have been implemented have 
higher safety belt use rates than states with secondary enforcement or no laws (50, 51). 

Further reductions in injury may result from implementation of the proposed Occupational 
Safety and Health Administration (OSHA) rule that would require employers to ensure use 
of safety belts and airbags among their employees when driving on-the-job (52). Such a rule 
could also have a spillover effect, increasing the use of safety belts off-the-job. 

Child safety seats and adult belts on children have been credited with saving more than 1,300 
infants' and toddlers' lives between 1982 and 1990 (36). However, 460 more lives could have 
been saved in 1990 if all children under 5 years of age had been restrained in child safety 
seats on every trip. Programs that enhance motivation to use child safety seats (53, 54), 
extend access to child safety seats, and educate parents regarding the need for and proper 
use of safety seats are needed (55). Although the cost of child seats can be prohibitive for 
some families, the effectiveness of child seat loaner programs should be evaluated, and 
liability issues that hinder such programs should be resolved. 

Vehicle seat and safety belt designs that better accommodate child safety seats are also 
needed (Appendix A, Objective 9.12). Child safety seats should be designed to decrease 
the high frequency of misuse and failure. 

In addition to encouraging safety belt and child safety seat use, laws and enforcement are 
needed to prevent the dangerous practice of passengers (particularly children) riding 
unrestrained in the cargo areas of pickup trucks. 

Motorcycle Safety 

From 1979 through 1990, more than 51,000 motorcyclists died from motorcycle-related 
injuries; more than half of these deaths involved head injury (56). It is estimated that 
motorcycle helmets have saved more than 5,000 lives since 1984 (57). However, death is 
the outcome for only 1 % of motorcyclists injured severely enough to receive medical care 
(58). Deaths represent but a small fraction of the head injury problem presented by 
motorcycle crashes. 
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In states where motorcycle helmet use laws are in place, helmet use in observational studies 
exceeds 99%. In states without helmet use laws, use is about 44% among all motorcyclists 
(59) and considerably lower among those fatally injured in motorcycle crashes (Table 2). 
As with safety belt use, helmets are less frequently used by those fatally injured in crashes 
(24). Studies indicate a relatively high use of public funds in medical and rehabilitation costs 
by those injured in motorcycle crashes (60, 61). 

TABLE 2 
Fatalities Involving Nonuse of Motorcycle Helmets and Safety Belts 

and Estimate of Lives Saved Per Year with Helmet and Safety Belt Use 
United States, 1987 

1990 Fatalities Without Use Annual Estimated Lives Saved 

In States With InStates In States With If 70% Use If 100% 
Use Laws Without Use Use Laws Nationwide Use 

Laws Nationwide 

Helmets 
380 1,269 450 777 1,110 

Belts 
19,515 2,989 4,302 8,592 15,275 

Total 
4,752 9,369 16,385 

Source: (57,59) 

As of mid-1991, only 24 states and the District of Columbia had helmet use laws that 
pertained to riders of all ages. Much can be gained i(all states adopt and enforce all-rider 
helmet use laws (Appendix A, Objective 9.14). In addition, all states should enact and 
enforce laws that require all motorcycle operators to obtain a motorcycle operator license. 
In 1989, 41% of motorcycle fatalities occurred among unlicensed or improperly licensed 
operators (61). 

Impaired Driving 

Despite recent progress, alcohol and drug use continue to be major highway safety problems 
(Figure 3 and Appendix A, Objective 4.1). An estimated 47% of traffic fatalities in 1987 
would have been prevented if alcohol-related deaths could have been completely elimi­
nated; this means between 20,000 and 24,000 fewer deaths annually (62). In 57% of aU fatal 
crashes in 1982, either a driver or a pedestrian had a detectable BAC. This figure was 50% 
in 1990; over 22,000 persons were killed in alcohol-related crashes in 1990. In addition, the 
results of several studies have shown drugs in the bloodstream of 10% to 22% of injured 
drivers, often in combination with alcohol (63). The extent to which these substances 
contribute to the circumstances of such crashes warrants further study. 
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The enforcement of minimum drinking age laws is one way of reducing young drivers' access 
to alcohol. As the Year 2000 Health Objectives for the Nation (21) and the Surgeon 
General's Workshop report (22) also note, an important element of enforcing these laws is 
to cite those who sell or serve alcohol to minors, in addition to citing minors who illegally 
purchase alcohol (Appendix A, Objective 4.16). Other approaches to restricting minors' 
access to alcohol include restricting or controlling the availability of alcohol in settings where 
young people constitute the majority of the audience and restricting alcohol beverage 
companies' sponsorship of collegiate, athletic, and motor sports events. 

Alcohol consumption among both minors and adults can also be affected by raising taxes 
on alcoholic beverages (64, 65). The Pricing and Availability Panel of the Surgeon General's 
Workshop calculated that a weighted alcohol price increase of33.6% may yield 19% to 25% 
reductions in motor vehicle fatalities, or between 8,400 and 11,000 fatalities annually (22, 
66). Even if only a fraction of this level is attained, increasing taxes may be appropriate. 

Minimum drinking age laws saved over 1,100 lives in 1988 (39), and appear to have had 
sustained effects in several states (67, 68). A study of high school seniors and young adults 
found that higher minimum drinking ages were associated with lower levels of alcohol use 
across a number of demographic variables (69). Significantly lower levels of alcohol use 
persisted as high school youth moved into their early twenties, suggesting that these laws 
can lead to lasting changes in consumption patterns among both the target under-21 group 
and in the over-21 age group as the target population ages. 

Administratively imposed license revocation (ALR) laws for drivers with BACs above the 
legal1evel of intoxication (administrative per se laws) are another example oflaws effective 
in reducing impaired driving (Appendix A, Objective 4.15). The contribution of alcohol to 
impaired vision, perception, judgment, and reaction time warrants a reduction in the legal 
BAC limit to .08% for adults 21 years of age and older and to .00% (zero tolerance) for 
persons under the age of21 (70). (By convention, .02% is the level applied to indicate .00% 
BAC, in order to allow for instrument error.) If impaired drivers perceive that the likelihood 
of being cited for impaired driving (at lower BAC levels) is relatively high, they might be 
more cautious about drinking and driving. However, reducing BAC limits to .04%, as 
recommended in the Year 2000 Health Objectives for the Nation, would place a burden on 
the enforcement oflaws concerned with drinking and driving ("driving under the influence" 
(DUl)), enforcement that is already insufficient. The panel recognizes this trade-off, but 
notes that stricter BAC limits are needed. There is also a need for vigorous enforcement of 
DUl laws at any BAC level, including citation of persons who often are not cited for DUl 
because they are transported for emergency medical treatment. 

Although all states have DUI laws, there is considerable room for improvement. More than 
half the states do not have an open container law, and many states lack administrative license 
penalties, mandatory BAC tests for drivers killed or injured in crashes, anti-plea bargaining 
statutes, and preliminary breath tests. In addition, access to alcohol treatment and to 
rehabilitation programs is limited both in terms of absolute numbers of program positions 
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available and in terms of prohibitive monetary costs to those seeking treatment. Some 
progress has been made in understanding the value and effectiveness of these 
countermeasures, but additional policy research and analysis are needed to develop the 
most cost-effective approach. 

Motor Vehicle Safety Standards 

Motor vehicle safety standards that have led to vehicle improvements such as enhanced side 
impact protection, improved steering assemblies, and high penetration-resistant wind­
shields have saved an estimated 5,160 lives each year from 1975 to 1985 (71), as shown in 
Table 3. Implementing other specific known vehicle improvements for passenger cars 
(Table 4a) and light trucks (Table 4b) would save an estimated 1,300 lives and prevent 
approximately 10,000 injuries annually. To evaluate and implement these improvements 
further, we need more sophisticated test procedures, improved measuring devices, and more 
research in biomechanics. 

Table 3 

Annual Number of Lives Saved and Injuries Prevented 
by Vehicle Safety Improvements 

Improvement 

Instrument Panel Padding 

Head Restraints 

Steering Assemblies 

Windshields 

Door Retention 

Side Protection 

Brake Improvements 

Occupant Protection (light trucks and vans) 

Total 

Source: (71) 
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Number of 
Lives Saved 

550 

Unknown 

1,300 

Unknown 

400 

480 

320 

2,000 

5,160 

Number of Injuries 
Prevented 

8,000 

64,000 

24,000 

47,000 

Unknown 

9,400 

27,000 

Unknown 

155,100 



Table 4a 

Annual Benefits from Selected Vehicle 
Safety Improvements to Passenger Cars 

Target Population Potential Reductions 

AIS 2·5* AIS 2·5* 
Program Fatalities Injuries Fatalities Injuries 

Improve occupant restraints and 1,170 1,980 230 400 
vehicle structures to meet current 
occupant protection standards in 
full frontal crashes up to 40 mph 

Improve occupant restraints and 1,640 26,400 330 5,280 
vehicle structures to meet current 
occupant protection standards in 
offset frontal crashes up to 30 mph 

Improve vehicle hoods to reduce 320 1,790 27 30 
the risk of pedestrian head injuries 

Upgrade existing standards to 4,000 22,000 400 2,200 
improve head to upper interior 
impact protection 

Total 7,130 52,170 987 7,910 

Source: (35) 

* The Abbreviated Injury Scale (AIS) is a commonly used system for assessing injury severity. For any of six 
designated body regions, an AIS score of 1 denotes minor injury, 2 moderate injury, 3 serious injury, 4 severe 
injury, and 5 critical injury. The system is used to code single injuries and is the foundation for methods to 
assess multiply injured patients with more precise definitions of what these levels of injury constitute for 
each body region (72). 
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Table4b 

Annual Benefits from Selected Vehicle Safety 
Improvements to Light Trucks 

Target Population Potential Reductions 

AIS 2·5* AIS 2·5* 
Program Fatalities Injuries FataHties Injuries 

Improve occupant restraints and 370 270 70 50 
vehicle structures to meet current 
occupant protection standards in 
full frontal crashes up to 40 mph 

Improve occupant restraints and 740 3,600 150 720 
vehicle structures to meet current 
occupant protection standards in 
offset frontal crashes up to 30 mph 

Improve vehicle hoods to reduce 35 230 3 1 
the risk of pedestrian head injuries 

Upgrade existing standards to 600 4,600 60 460 
improve head to upper interior 
impact protection 

Develop dynamic side impact test 215 5,800 50 1,300 
requirements for light trucks 

Total 1,960 14,500 333 2,531 

Source: (35) 

* The Abbreviated Injury Scale (AIS) is a commonly used system for assessing injury severity. For any of six 
designated body regions, an AIS score of 1 denotes minor injury, 2 moderate injury, 3 serious injury, 4 severe 
injury, and 5 critical injury. The system is used to code single injuries and is the foundation for methods to 
assess multiply injured patients with more precise definitions of what these levels of injury constitute for 
each body region (72). 
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There are numerous other examples of estimated savings attributable to motor vehicle 
safety devices and laws: 

• Voluntary safety belt use saved 4,580 lives in 1989 and 19,360 lives from 1984 through 
1989 (43). 

• Safety belt use laws saved 3,660 lives in 1989 and 14,190 lives from 1984 through 1989 
(43). 

• Child safety seats saved 240 lives in 1989 and 1,140 lives from 1984 through 1989 (43, 
73). 

• Motorcycle helmets saved 530 lives in 1989 and 4,120 lives from 1984 through 1989 
(43). 

• Motorcycle helmet use laws saved 290 lives in 1989 and 2,180 lives from 1984 thr,ough 
1989 (43). ' 

• Minimum drinking age laws saved 1,090 lives in 1989 and 5,560 lives from 1984 
through 1989 (43). 

Roadway Safety Improvements 

Enhancing the physical highway environment can havf; a significant, positive impact on 
highway safety. This is illustrated by the lower fatality rates on the Interstate Highway 
System; this system separates opposing traffic, limits access, eliminates crossing traffic, and 
is designed to meet higher safety standards than do other roads. Interstate highways have 
a crash fatality rate that is about half the national average. Sections of interstate highways 
constructed after 1967, when the concept of providing clear roadsides for all interstates was 
adopted, have generally had two-thirds the crash fatality rate of older sections of interstates. 
The system of highways with the lowest design standards, local and collector roads, continues 
to report a crash fatality rate about 25% higher than the national average for all roads (74). 

Highway safety improvements have proven particularly effective at specific "high accident 
locations." Federal Aid Highway Safety Improvement projects implemented by the states 
since 1974 have saved over 55,000 lives (over 3,400 lives per year) and have prevented more 
than 1 million serious injuries (10). Examples of these types ofimprovements include traffic 
signs, better illumination, guardrail upgrades, obstacle removal, and crash cushions. On 
average, these improvement projects have returned over four dollars in safety benefits for 
every dollar expended on project costs (see Table 1, page 82, benefit-cost ratios.) 

A new concept that holds great promise involves a comprehensive interdisciplinary ap­
proach to reducing crashes in "high accident corridors." In the corridor strategy, physical 
improvements to the highway are combined with enforcement, public awareness, and EMS 
programs. The combined effect of the different approaches appears to yield a far greater 
payoff in crash reduction than would be expected had the programs been undertaken 
separately (71). Interdisciplinary efforts may be an innovative and productive future safety 
strategy. Evaluation research is the key to determining which combination of interdiscipli­
nary efforts would be most beneficial. 
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Where We Want To Be 

Research Directions 

Crash Avoidance Research 

Crash avoidance research addresses improvements in vehicle safety by reducing the fre­
quency of crashes, crash severity, or both. A variety of factors contribute to crashes. "Driver 
error" is one contributing factor to most crashes (75). The sources of driver error are varied, 
covering fatigue, impaired driving, innate sensory or motor deficiencies (in some cases 
age-related), poor judgment or inexperience, speeding or other traffic law violations, 
inattention, and information detection or processing deficiencies. These human factors are 
frequently exacerbated by weather, road conditions, vehicle maintenance, and other factors.. 

To address the full range of issues, growth in crash avoidance research should be accompa= 
nied by growth in applications-oriented human factors research. A scientific framework 
should be established that allows researchers to understand the role of the driver in crashes. 
While not meant to be exhaustive, the following areas are representative of those areas that 
should be pursued: 

Driver-Machine Interaction 

Research is required to assess the impact of vehicle design parameters on operator per­
formance. This can include research to evaluate the response of drivers to a variety of 
vehicle modifications, including warning systems, lights, information displays, controls, 
handling characteristics, and various performance feedback systems. Development and 
wide use of the center-mounted brake light are an example of a driver-machine human 
factors approach. 

Intelligent Vehicle Highway Systems Research 

Intelligent Vehicle Highway Systems (IVHS) is an emerging field that systematically applies 
advanced technology to the driver-vehicle-roadway system. IVHS crash avoidance systems 
build on advances in electronics, computers, and communications and artificial intelligence 
technologies. These technologies can alert drivers to impending dangers or lapses in 
attention and judgment. By assisting drivers with the driving task, IVHS systems can 
compensate for some of the errors and risk denial that lead to crashes. 

The IVHS initiative seeks to improve safety, driver convenience, and system capacity, and 
to reduce congestion, emissions, and fuel consumption. Since over 60% of nonrecurring 
delays on freeways are the result of crashes or disabled vehicles, improvements in crash 
avoidance capabilities will lead to improvements in both safety and traffic flow. With IVHS, 
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step-function increases in road capacity and safety - rather than incremental percentage 
improvements - are possible. Instead of merely managing worsening conditions, IVHS 
has the potential for solving transportation problems. 

The research ranges from the development and evaluation of advanced technology systems 
to policy research, such as analyses of the public's willingness to accept these technologies, 
and their social and legal ramifications. The ultimate success of IVHS depends on matches 
between the technology and the capabilities and limitations of drivers who will use it. Unless 
attention is paid to the driver-vehicle interface, expectations may not be achieved, and safety 
benefits could be undermined because drivers are confused or overloaded by the informa­
tion that is intended to help them. 

Highway Design Research 

There is compelling evidence that improved highway design contributes to the reduction in 
frequency and severity of crashes. The Nation's highway network includes almost 4 million 
miles of roads. Research to optimize this system's design features, ranging from signs and 
pavement markings to highway geometry, should have a major payoff in safety. The Federal 
Highway Administration (FHWA) currently recommends further human factors research 
on sign reading, overhead illumination, and traffic control devices. Additional recom­
mended topics and research strategies include -

• Evaluating vehicle design options relative to different user populations (e.g., by age 
and gender) and impairments (e.g., known medical conditions). 

o Evaluating roadway guidance and warning systems relative to drivers' responses 
(e.g., signing, delineation, work zones, railroad crossings). 

• Evaluating different methods of making motorcyclists and pedestrians (including 
workers in highway work zones) more visible to drivers. 

• Developing research capabilities within the U.S. Department of Transportation 
(DOT) - in terms of both staff and equipment - to conduct research on driver-ve­
hicle-roadway interaction. 

Heavy Vehicle Safety Research 

Improvements in truck design and performance are needed to ensure safe environments 
for both trucks and smaller vehicles. Heavy vehicle safety research is currently focused on 
the following areas: 

e Developing advanced technology truck braking systems. 

• Identifying ways to improve heavy truck stability. 

• Identifying practical means of designing truck front- and rear-end structures to 
reduce the effects of truck impacts on smaller vehicles. 

• Developing test procedures and ways to enhance truck occupa,nts' crash protection. 
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Suggested areas of additional research include the following: 

• Evaluating the use of special lanes on highways to isolate heavy vehicles from lighter 
passenger vehicles. 

• Assessing the effectiveness of lowering urban speed limits for heavy vehicles. 

Additional research is warranted on other issues affecting driver performance such as 
fatigue, sleep disorders, inattention, impaired driving, the use of special lanes on highways 
to isolate heavy vehicles from passenger vehicles, and the effectiveness of lowering urban 
speed limits for heavy vehicles. 

Crash Injury and Survival Research 

Crash worthiness Research 

Crashworthiness research is focused on the major crash modes affecting occupants of 
passenger cars, trucks, and vans: frontal, side impact, rollover, and rear impact crashes. 
Research strategies for reducing the effects of these types of crashes include -

• Increasing occupant protection by improving door designs (hinges, latches, locks, and 
glazing) to prevent the occupant from being ejected through openings during a crash. 

• Making the roofs of vehicles more crush-resistant. 

• Making interior surfaces (including steering wheels and instrument panels) more 
energy absorbent, thereby reducing head injuries to occupants. 

• Improving seats and restraint systems to provide better occupant containment and 
protection against injuries from interior impacts in crashes. 

• Improving vehicle structures to preserve the integrity of the occupant compartment 
and prevent harmful intrusion. 

Crashworthiness research also addresses protection for the approximately 7,500 pedestrians 
and pedalcyclists killed in motor vehicle crashes each year. For example, vehicle designs 
that incorporate softer hood and fender designs have demonstrated potential for reducing 
the severity of head injuries among pedestrians struck by motor vehicles (76). Test proce­
dures and vehicle designs that reduce leg and thorax injuries - such as lower front bumpers 
- are other current research projects that seek to protect pedestrians in crashes. 

Biomechanics Research 

Fundamental to the practice of medicine and public health is the study of disease and injury 
causation. Crash injury is caused by application of mechanical forces to the body, and the 
amount of energy delivered and the area of contact are important determinants of the 
outcome. Biomechanics uses engineering principles to explore the physical and physiologic 
responses to mechanical forces (77). Fruits ofbiomechanical research include safety belts, 
airbags, antilacerative windshields, head restraints, child safety seats, padded dashboards, 
stronger side-door structures, and collapsible steering columns (77). Biomechanics research 
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contributes to the development of products designed to be safe before the public uses them, 
thus preventing injuries. 

Impact severity can be reduced by energy-absorbing structures and padding material that 
limit deformations of the body to levels insufficient to cause injury. It is difficult to define 
the appropriate interface, recognizing the range in impact severities, tolerances of people 
likely to be exposed to impact risks, and the range in possible outcomes. Optimizing product 
designs is the critical issue requiring a scientific approach; this approach must be based on 
the goal of overall societal benefit and must emphasize safety for occupants of all ages and 
tolerances in a wide range of crashes (78, 79). 

One research goal is to develop a test tool, such as an anthropomorphic testing device 
("dummy"), or a test method, such as a crash test, in which products can be evaluated for 
safety performance. These tests determine the built-in safety of the product in a crash or 
impact. Crash tests provide only the most basic information on system performance, and 
the anthropomorphic test devices are only crude representations of people, yet biomechani­
cists and engineers rely on these procedures and devices to improve product safety. 

The consequences of inadequate biomechanics research are enormous. If test devices to 
measure crash injury protection are unavailable, introduction of safety features can be 
delayed unnecessarily. The use of flawed test procedures can increase the cost of motor 
vehicles without providing commensurate safety benefits. Recommended areas of research 
on the biomechanics of injury control include the following: 

• Developing centers of excellence in which research, edu·cation, and training are 
pursued in the basic biomechanics of injury and medical sciences. 

• Optimizing the design of safety systems for the protection of the full population 
(recognizing a 4:1 range in impact tolerance from young men to older women). 

• Establishing a method for assessing the societal benefit of products, considering 
differences in exposure severity, injury responses, risks, and tolerances. 

• Improving the understanding of the biomechanics of brain and spinal cord injury. 

• Developing the core needs for an improved science of injury biomechanics. 

• Developing more realistic injury models in order to improve treatment protocols and 
develop innovative rehabilitation procedures. 

e Improving the realism and accuracy of the evaluation of human safety with anthro­
pomorphic testing devices and impact tests, emphasizing crash situations that cause 
serious injury and disability, and using a range of anthropomorphic testing devices, 
including newborns, children, small women, and other adults. 

• Developing improved safety equipment, including motorcycle and bicycle helmets 
and protective clothing. ' 

• Devising and implementing evaluations of crash safety restraints and energy-absorb­
ing interiors. 
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• Identifying opportunities for improving pedestrian and cyclist protection through 
vehicle design. 

Behavioral Research 

Technological advances have helped reduce the severity of motor vehicle crashes. Yet 
technology alone cannot prevent or reduce the severity of crashes resulting from lack of 
knowledge and skills, poor judgment, and reckless driving. More importantly, technology 
cannot change the attitudes and motivations that predispose drivers to increased crash risks 
by excess speeding, aggressive driving, and substance abuse. Understanding how these 
aspects of human behavior affect the driving task requires research to develop new inter­
ventions, as well as rigorous evaluation of existing programs. Currently, there is no ade­
quately funded program devoted primarily to peer-reviewed, investigator-initiated research 
on the role of behaviors (both motivation and performance) in traffic safety. 

Behavioral scientists can help design interventions that work by changing the behaviors or 
social norms of individuals and g::oups. As with other public health issues, more data are 
needed on traffic safety to understand how people behave, why people behave the way they 
do, what the outcomes of various behaviors are, how deleterious behaviors can be changed, 
and how effective efforts to modify those behaviors are. As a model for approaching public 
health problems, this conceptual framework has recently received considerable attention as 
a means for limiting the spread of infection with the human immunodeficiency virus (80). 

Similarly, applications of health promotion strategies in traffic safety could be useful (81-
84). As James Mason, Assistant Secretary for Health, has noted, "Persons can hardly be 
expected to avoid the health risks imposed by personal choices about lifestyle when they do 
not know or understand these risks, when they lack the knowledge or skills needed to choose 
a healthier lifestyle or, worst of all, when they seek guidance or support from their commu­
nity and it is unavailable to them" (85). 

Driver Performance 

An expanded program of human factors research could improve understanding of driver 
performance limits and capabilities, especially with respect to attention, vision, perceptual 
judgments, information processing, information overload, and motor control. Such re­
search may be useful in redesigning driver licensing and education programs, and in making 
vehicle modifications and improving roadway design. This line of research should investi­
gate the role of driver capabilities and should address not only the performance ofwell-mo­
tivated, safety-conscious drivers but also that of young and aggressive drivers. 

Impaired Driving 

Alcohol- and drug-impaired driving continues to be a major highway problem. Examples 
of promising areas of research include the following: 
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• Changing attitudes toward drinking and driving (86, 87). 

• Evaluating further alternative methods to increase deterrence (39). 

• Changing social norms and server and host policies (87, 88). 

• Assessing the effects of alcohol intoxication on injury level and survivability (89). 

• Evaluating alternative approaches to repeat offenders. 

• Evaluating the relative effectiveness of various penalties and laws for deterring 
impaired driving. 

• Developing and evaluating health promotion approaches (90). 

• Identifying users of programs such as Techniques for Effective Alcohol Management 
(TEAM), responsible alcohol service, designated drivers, their characteristics, and 
the effects of these programs in reducing drinking and driving (DUI). 

• Investigating the failure to cite underage drinkers or arrest underage drinking-driv­
ers. 

.. Determining the extent of use of false identification and how technology can be used 
to minimize the manufacture and sale of false identification. 

• Identifying treatment and rehabilitation programs for persons arrested for DUL 

• Researching new technology that would help law enforcement officers do their jobs. 

Little research has been done on the use of drugs other than alcohol. Potential research 
topics include the incidence of driving under the influence of both illicit and prescription 
drugs; the effects of different types of drugs on driver behavior; the development of 
cost-effective, reliable screening methods to detect drug-impairment levels among drivers; 
and the assessment and ranking of cost-effective ways to decrease the incidence of impaired 
driving. 

Traffic Laws and Their Enforcement 

The highway system operates under a variety of laws. Expanded research and evaluation 
are needed to assess the relative effectiveness of traffic laws, the efficiency of various law 
enforcement techniques, and ways to apply advanced technology to law enforcement. 
Evaluations of traditional and innovative sanctions for traffic law violations are needed to 
determine which are most effective. Specific research questions include the following: 

• What factors aid or abet traffic law enforcement? Which laws are vigorously 
enforced and which are overlooked? Why? 

• How do community standards, customs, rules, and practices influence the 
enforcement of traffic safety laws? 

• Given diminishing resources, how can communities support traffic law enforcement? 
What are some innovative approaches that communities can use to support traffic 
law enforcement, even with diminishing resources? 
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• How can private citizens contribute to traffic law enforcement? Some communities 
have used citizen patrols for speGd watches. What are the constraints to mobilizing 
local citizens (as a neighborhood watch) for traffic law enforcement? 

Driver Education and Training 

Considerable expense and effort have been devoted to driver education and training, with 
little evidence of effectiveness with respect to safety. Further research and evaluation are 
needed to determine the most effective timing, content, and techniques for improving the 
driving skills of both the general driving public and of special populations (e.g., commercial 
vehicle operators and elderly drivers). 

Pedestrians and Bicyclists 

As noted earlier, approximately 7,500 pedestrians and pedalcyclists die each year in motor 
vehicle crashes (37, 91). Although the types of crashes have been described, effective 
countermeasures (such as improved crosswalk delineation and signing) must be developed, 
tested, and implemented, and more widespread use of bicycle helmets needs to be encour­
aged. Methods for improved visual detection of pedestrians and pedalcyclists must be 
researched, along with the development of multifaceted programs (92). 

Motorcyclists 

Many avenues of research hold promise for reducing the incidence and severity of motor­
cycle crashes. These include research on and evaluation of operator education, licensing, 
and training; risk taking; conspicuity; and roadway design. Methods to increase the use of 
motorcycle helmets should also be topics of evaluation research. 

Youth 

Young drivers are disproportionately involved in traffic crashes. More than 43% of all 
deaths among 16- to 20-year-olds result from motor vehicle crashes (93). Young drivers are 
also significantly overrepresented in alcohol- and other drug-related crashes, often drive at 
excessive speeds, and often do not wear safety belts. Research is needed on the reasons 
underlying unsafe driving practices by youths, on methods of changing attitudes to induce 
safer driving behavior, and on methnds for deterring unsafe practices. Improvements to 
traditional licensing practices, such as graduated licensing programs, appear promising. 

Elderly 

By the year 2020, 22 million people will be 75 years of age or older and eligible for a driver's 
license. Of these, 7 million will be 85 or older (28). Driver performance research topics of 
particular relevance to the elderly include developing tests or measures of visual 
performance, glare sensitivity, contrast sensitivity, and cognitive perfonnance such as 
attentiveness, information processing, and problem solving (94). Many of these lines of 
research have implications for highway signs, illumination, timing of pedestrian signals, and 
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roadway design. The development of optimal licensing programs for protecting elderly 
drivers should be based on research and effective pilot programs that screen, identify, and 
monitor drivers with impairments - such as loss of visual performance and increased 
reaction time - that affect their driving. In addition, the feasibility of identifying impaired 
elderly drivers through their physicians needs to be explored. 

Diversity 

By the year 2000, the demographics of the U.S. population will have shifted considerably. 
The effects of the population's diversity on traffic safety should be assessed, and appropriate 
countermeasures should be developed to meet the needs of different segments of the 
population. Topics to be addressed include the effects of age, sex, race or ethnicity, and 
language barriers on all aspects of traffic safety. 

Data Needs 

Valid data, in accessible and understandable form, will be the foundation of any effective 
program to control motor vehicle injury. Standardized data are essential for identifying 
problems, factors associated with these problems, and emerging issues, as well as for 
evaluating the effectiveness of interventions and making informed judgments about where 
to invest limited resources. 

No single data source contains all the information necessary for the study and prevention 
of motor-vehicle injuries. Currently the Fatal Accident Reporting System (F ARS) main­
tained by the National Highway Traffic Safety Administration (NHTSA) collects limited 
data on occupant, vehicle, and crash characteristics for fatal traffic crashes. PARS has 
proven invaluable in supplying detailed representative data on fatal traffic crashes and has 
been used effectively to identify traffic safety problems, develop and implement better ways 
to deal with these problems, and evaluate existing and proposed motor vehicle safety 
standards and traffic safety programs. Besides the benefits derived by NHTSA from F ARS 
data, researchers in other government agencies and academia also use these data exten­
sively. 

Data Linkage Needs 

Unfortunately, the full impact of injuries on individuals, families, and society as a whole 
remains difficult to quantify. Because of improvements in safety and medical technology, 
many people are surviving relatively severe injuries. However, there is no data system 
parallel to FARS for the far more frequent nonfatal traffic crashes. Statistical samples of 
motor vehicle crashes maintained by NHTSA are not of sufficient size to permit statistical 
analysis of detailed crash injury characteristics. Linking existing data bases to build state­
wide motor vehicle-related injury data bases would be the most cost effective solution. 
Linked data could provide a relatively low-cost surveillance system for the most common 
and costly injuries. For example, most states have computerized files of police accident 
reports (PARs) available. Although these files contain information on the vehicle, the crash, 
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and the use of safety equipment and alcohol, they contain little information on injuries and 
underestimate the numbers of injuries that occur. More accurate and complete information 
on injuries exist in statewide injury data systems such as prehospital (EMS), hospital, injury 
registry data, and hospital discharge data. Only by merging the information obtainable from 
PARs with EMS reports and hospital discharge data could a data base of sufficient size and 
detail be created. Linking PARs to the other injury information available at the state level 
would provide valuable data about -

• The relationship between vehicle design characteristics and their propensity to cause 
injuries in crashes, 

• Outcomes such as frequency of occurrence, severity, and disability resulting from 
motor-vehicle related injury, 

• Effects of legislation such as legislation related to alcohol-impaired driving and to 
safety belt use, child-restraint use, and other interventions. 

Effective data linkage would facilitate the use of existing data to support the implementation 
and evaluation of drinking and driving laws and laws requiring safety belt use, child 
restraints, or motorcycle helmets. It would allow for better estimates of public costs 
associated with nonuse of safety devices and use of alcohol, and it would raise consciousness 
among policy makers and the public about the benefits of motor-vehicle injury prevention 
measures. Effective data linkage would improve accessibility of extant data and help 
identify data needs. It would help eliminate existing organizational and jurisdictional 
boundaries and help build upon successful models to reduce the frequency and severity of 
motor vehicle-related injuries. Effective data linkage in the field of motor-vehicle crash-re­
lated injury would also serve as a model for other causes of injury. The methods developed 
for linking records should be adapted to many types of epidemiologic studies that use 
administrative and hospital records. 

Progress in and Impediments to Data Linkages 

As noted above, motor-vehicle injury data bases can greatly increase in usefulness when they 
can be linked to other data systems. Over the past decades, progress has been made in 
linking crash files to highway files in order to identify highway problems. Linkages to driver 
history files and vehicle registration files have also been facilitated, so that drivers involved 
in crashes may be readily studied in rela tion to their previous driving records. As data bases 
are linked, the relative usefulness of each data file is enhanced. 

Linking traffic records to detailed injury data in EMS records, trauma registries, and hospital 
records has not proceeded so rapidly. Some of the difficulty has been associated with the 
need for identifying information in order to make linkages. In most states, crash records 
and driver history files are public, but hospital records are confidential. One suggested 
approach to facilitate such linkages is to include police crash report numbers on hospital 
emergency room and admission records. However, researchers attempting to make such 
linkages should adhere to appropriate confidentiality guidelines with respect to the individ­
ual records. 
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Surveillance 

Surveillance data for motor vehicle injury are better than data for other types of injury. As 
noted above, police, EMS, and hospitals report a variety of data on motor vehicle crashes. 
However, accurate data on safety belt use and work-relatedness in crashes are lacking, and 
many motor vehicle injuries do not result in hospitalization or an investigation and crash 
report by a law enforcement officer. Injuries to young children (e.g., from hitting the 
dashboard or windshield in a sudden stop, from falling out of the cargo area in a pick-up 
truck, or from falling out of a vehicle door) often go unreported in official police files (95), 
as do many motor vehicle injuries brought to medical attention in emergency rooms or 
physicians' offices. It is for this reason that injury surveillance systems that include informa­
tion on the cause of injury (e.g., through use of external-cause-of-injury codes (E-codes)) 
are needed to determine the magnitude of the injury problem (58, 96). 

Data are also needed on the long-term use of services, the effects of injuries on families, and 
the impact of impairments. These data will be used to assess the need for prevention and 
will help health officials and others set priorities for injury reduction at all levels of severity. 
Existing sources of data can be tapped. However, new sources of data will be needed to 
measure accurately these long-term effects. 

Measures of Exposure 

Exposure to risk is a standard measure used in public health to determine morbidity and 
mortality rates. For most diseases, population-based rates are routinely used. For motor 
vehicle injury, it has been customary to measure changes over time using mortality rates 
based on vehicle miles traveled (VMT). The rationale has been that the highway transpor­
tation system has been created to facilitate mobility and that mobility is of value. As noted 
earlier, using VMT as the denominator, the motor vehicle death rate in the United States 
has steadily declined since the mid-1930s. 

Other widely used measures of exposure include number of motor vehicles registered, 
number of licensed drivers, and measures of induced exposure. Induced exposure reflects 
risk of being in a crash (97). One common measure of induced exposure is the "innocent" 
party or parties involved in two-vehicle crashes. Because induced exposure can be deter­
mined from existing crash data, and because it provides additional information such as time 
of day, day of week, and roadway type, it makes it possible to estimate risk in relation to 
more specific crash-related variables. 

Some public hea1th professionals prefer to use population figures. With respect to crash­
related fatalities, the United States has one of the best records on a VMT basis, but does 
not fare so well on a population basis. Population-based rates for motor vehicle injury and 
death are higher in the United States than in many other industrialized nations. The 
measure of exposure used in calculating the rate greatly affects one's perceptions. For 
example, on the basis of number of licensed drivers, older drivers as a group do not appear 
to pose any special problem. However, on the basis of VMT, their risk of crash is second 
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only to that of teenagers (93) (Figure 2). Such discrepancies indicate the need to know the 
purposes to which the measures of exposure will be put. 

E-Codes 

E-codes have been referred to as "the missing link in injury prevention" (96). These are part 
of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) that is used to code morbidity data in the United States and elsewhere. In this system, 
N-codes are used to describe the nature of the injury or the injury diagnosis, for example, 
"closed fracture of base of skull." E-codes are used to describe the external cause leading 
to the diagnosis of injury or poisoning. Thus, in the case of the skull fracture, the E-code 
would indicate whether it resulted from a fall, an assault, or a motor vehicle crash. While 
N-codes are important for treatment purposes, countermeasures to prevent injuries require 
information provided by E-codes. Hospital discharge data routinely include N-codes, 
primarily because this information is required for reimbursement. However, only a handful 
of states have mandated that E-codes also be included (98, 99). 

The panel recognizes a need for E-codes in hospital discharge data and emergency room 
data for several purposes: 

• To quantify severe injury morbidity according to cause. 

• To help define the health and societal costs of vehicular injury by cause. 

• To measure the magnitude of nonfatal occupational injuries by cause. 

• To expand the usefulness of police accident reports and existing national data 
systems used to establish public health priorities. 

• To identify the effectiveness of specific interventions (such as airbags or safety belts). 

Driver Behavior and Characteristics Data Base 

In 1987, NHTSA published its Driver Performance Data Book (100). Its intent was to 
provide a compendium of research data to assist researchers in setting up designs and 
paradigms and to aid administrators in making decisions regarding human performance 
research. It contains normative data on reaction time, visual performance, auditory per­
formance, information processing, anthropometrics, and precrash behaviors. This data 
book should be updated with particular references to current highway safety trends and 
issues, such as IVHS and older and medically impaired drivers. 

In addition, the data book could become a centralized source of information, for both 
researchers and practitioners, on safety belt use (nationally, by state, and by various 
demographic groups), incidence of alcohol-impaired driving, and information pertinent to 
motorcycle, bicycle, and pedestrian safety. 
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Programmatic Directions 

The highway death rate per VMT reported by the DOT is now at an all-time low, as shown 
in Figure 1. However, much more remains to be done in applying known interventions in 
vehicle, roadway, and traffic safety programs more broadly. 

Vehicle Safety 

Crash avoidance and survival programs are complementary approaches to reducing both 
the incidence and severity of motor vehicle crashes. Improvements in vehicle design can 
yield reductions in the number of persons killed and injured in motor vehicle crashes each 
year. These improvements are areas of ongoing research not only in the federal govern­
ment, but also in academic institutions and in'the private sector. Examples of current crash 
avoidance research and programs include the application of safety technologies in four 
major areas: 

• Use of antilock brakes. 

• Ways to reduce the number of rollover crashes. 

• IVHS - the development of electronic systems that should reduce the risk and 
severity of crashes. 

• Human factors - driver performance and workload; vision and visibility; warning 
signals and warning systems; lighting and signaling; controls and displays; the aging 
driver; and crash causation analysis. 

To reduce the effects of frontal crashes, NHTSA now requires light trucks and vans to meet 
the automatic crash protection standards currently required of passenger cars by Federal 
Motor Vehicle Safety Standard 208. These could save an estimated 2,000 lives per year if 
fully implemented. However, benefits due to regulatory interventions take many years to 
achieve because of the slow pace of fleet turnover. 

To improve side impact protection, NHTSA is considering requiring that light trucks and 
vans meet dynamic side impact standards similar in concept to those that currently apply to 
passenger cars. In current studies, investigators are assessing the benefits and costs of this 
proposed regulatory requirement. 

A variety of regulatory options are being considered to reduce both the propensity of 
vehicles to roll over and the severity of injuries that occur once vehicles are involved in this 
type of crash. Improved vehicle handling and stability can help drivers avoid a crash; in 
addition, several crashworthiness improvements are promising. These include -

• Door retention improvements such as stronger hinges, latches, and locks (to prevent 
an occupant from being ejected during a crash). 

• Interior head impact protection, such as padded dashboards and safer steering wheel 
designs to lessen head and facial injuries. 
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• Improved roof crush resistance. 

Roadway Safety 

The following actions should be implemented by appropriate agencies with responsibility 
for the design, operation, and maintenance of highways to reduce the frequency of traffic 
crashes and their severity: 

• Improve roadway delineation through increased use of effective reflective pavement 
markings and signs (Appendix A, Objective 9.20). Positive guidance through roadway 
delineation systems may be effective for crash avoidance, particularly in single 
vehicle accidents (71). Uniform and widespread application of pavement edge lines, 
advance warning signs for curves, and postmounted delineation facilitate the driving 
task, especially at night. Unfortunately, many of the devices, although easily visible 
during the daytime, have reduced visibility in the dark because they have lost 
reflectivity. Minimum perfor:nance levels for reflectivity, both at time of installation 
and subsequently, could alleviate this problem. 

• Provide physical separation from other vehicular traffic for nonmotor vehicle occupants. 
Over 7,000 pedestrians and pedaIcyclists die in traffic crashes annually. Because of 
the high severity of these crashes, more attention needs to be focused on crash 
avoidance measures. It has been argued that physical separation through the use of 
sidewalks, bikeways, grade separations, or even a well-marked reserved area along 
roadways are effective in reducing this type of crash (71). 

• Provide a ''forgiving" roadside for errant vehicles on high speed roads. Almost a third 
of all fatalities occur when a vehicle leaves the roadway and strikes a fixed object, 
rolls over, or both (71). Effective methods of reducing the incidence and severity of 
these types of crashes are to provide a forgiving recovery area and gentle sideslopes 
and to eliminate unyielding obstructions for a distance outside the edge of the 
roadway. Studies at the General Motors Research Laboratories indicated about 
85% of run-off-road impacts occur within 30 feet of the edge of the roadway on high 
speed roads (101). Subsequent studies and experience on lower-speed high-volume 
highways (such as urban arterials) indicate a 10- to 15-foot clear distance can provide 
similar benefits. The practice of offsetting unyielding poles, signs, trees, and similar 
objects as far as possible within rights-of-way on all roads is beneficial. 

Where obstacles cannot be eliminated practically, they should either be made to break away 
or be shielded with traffic barriers or crash cushions. Such devices should be performance 
tested for their ability to yield to or redirect a striking vehicle while minimizing the potential 
for injury to the occupant and bystander. However, attention should also be given to the 
compatibility of different safety systems. 

• Establish a management plan in every major metropolitan community to minimize 
losses due to disruptive traffic crashes. This plan should address EMS. Losses due to 
injuries and congestion have been reduced through systematic planning for major 
incidents, often involving traffic crashes in heavily travelled urban corridors. 
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An effective incident management plan can reduce the risk of turning a relatively minor 
incident into a catastrophic occurrence; responsive EMS can minimize trauma losses. 

• Evaluate the safety of highway work zones (including those on the interstate highway 
system), using surveillance of fatal and nonfatal injuries in such zones. 

Traffic Safety Programs 

The following actions should be implemented by appropriate agencies with responsibility 
for traffic safety efforts designed to reduce injuries and fatalities. For each intervention, 
researchers and policymakers should develop a better understanding of the factors that 
facilitate or impede safe driving behaviors among various population subgroups, and they 
should use these data to target prevention efforts. 

• Provide a comprehensive program to combat impaired driving. To be effective in 
reducing drunk and drugged driving, programs should incorporate prevention ap­
proaches (including programs for public information and education, schools, em­
ployers, alcohol servers, and transportation alternatives); deterrence approaches 
(including laws, public information and education, enforcement, prosecution, and 
adjudication); treatment and rehabilitation approaches; and coordinated program 
management with appropriate agencies. As part of this comprehensive program, 
alcohol and drug treatment programs should be accessible to impaired drivers, and 
the DUI event should be viewed as an opportunity to identify persons needing 
treatment, to initiate treatment and rehabilitation, and to prevent future impaired 
driving episodes. 

Evaluations of community-based interventions such as IIdesignated driverll programs need 
to be launched. Campaigns against underage and binge drinking on college campuses 
should also use motor vehicle-related injury as one of the outcome measures for evaluation. 

• Enhance comprehensive occupant protection programs that educate and motivate 
citizens to use available motor vehicle occupant protection systems, including safety 
belts, child safety seats, and automatic crash protection (such as airbags) (Figure 4 and 
Appendix A, Objectives 9.12 and 9.13). A combination of use requirements, enforce­
ment, public information, education, and incentives are necessary to achieve signifi­
cant, lasting increases in safety belt and child safety seat usage. 

• Establish a comprehensive program to promote motorcycle safety. To be effective in 
reducing the number of motorcycle crash deaths and injuries, programs and laws 
must address issues of the use of helmets and other protective gear (Appendix A, 
Objective 9.14), proper licensing, impaired riding, motorcycle conspicuity, and mo­
torist awareness. 
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Figure 4 

Number of States with Safety Belt-Use Laws and Estimated 
Safety Belt Use Rates, United States, 1982-1990 
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• Emphasize dangers of excessive speed as part of a comprehensive traffic safety 
program. A national campaign must be conducted to educate the public about the 
dangers of excessive speeding and aggressive driving behavior. This campaign 
should be on the same scale as those aimed at curbing impaired driving and increasing 
the use of occupant protection devices. The campaign should include efforts to 
encourage legislation to ban the use of radar detectors in all vehicles. 

• Establish and implement a complete traffic records program. A complete traffic 
records program is necessary for planning (problem identification), operational 
management or control, and the evaluation of state highway safety activities. The 
traffic records program should have a data base consisting of crash, driver, vehicle, 
roadway, citation or conviction, EMS, health care, and insurance files, and the 
program should provide for file linkage. (Data linkage issues are discussed in greater 
detail on pages 104-106.) 

• Develop comprehensive community-based traffic safety programs, includingpedestrian 
and bicycle safety programs that target defined problems and high-risk populations, 
including highway workers. Effective pedestrian and bicycle safety programs are 
implemented at the local level, and include education, enforcement, and engineering 
components (91, 102). 

• Provide for an efficient and effective police traffic services program to enforce traffic 
laws, prevent crashes, assist the injured, document specific details of individual crashes, 
supervise crash clean-up, and restore safe and orderly movement of traffic. Traffic law 
enforcement plays an important role in deterring drunk and drugged driving, achiev­
ing safety belt use, encouraging compliance with speed laws, and reducing other 
unsafe driving actions. Experience has shown that a combination of highly visible 
enforcement, public information, education, and training is necessary to achieve a 
significant and lasting impact in reducing crashes, injuries, and fatalities. 

• Ensure that persons incUlTing traffic injuries receive prompt and appropriate emergency 
medical care. An effective urban and rural system of emergency medical and trauma 
care includes comprehensive enabling legislation, regulations, and operational poli­
cies and procedures; a lead agency with resource management responsibility; recruit­
ment of trained personnel; reliable, safe, ambulance transportation; appropriate 
medical facilities for seriously injured patients; an effective communications systems 
including universal system access numbers such as 911; trauma systems; public 
information and education; medical direction; and evaluation. (The Position Paper 
on Acute Care Trauma Systems also addresses this topic.) 

• Establish a comprehensive program to promote traffic safety in highway work zones. 
To be effective in reducing the number of motor vehicle deaths occurring among 
highway workers in highway work zones, programs must address the issues of training 
all traffic control personnel (flaggers), improving the conspicuity of highway workers, 
evaluating state highway safety activities as they pertain to highway work zones, and 
improving the collection of injury data on highway worke~s in local, state, and 
national data bases. 
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How We Get There 

A Strategy for Success 

The Year 2000 Health Objectives for the Nation call for a decrease in the annual motor 
vehicle-related injury death rate from a 1987 figure of 2.4 per 100 million vehicle-miles 
traveled (VMT) to no more than 1.9 (Appendix A, Objective 9.3). Even if this objective is 
met, however, the number of lives that will be lost as a result of these injuries is still not likely 
to fall below 40,000 per year. Constant or slightly decreasing death rates are an improve­
ment over previous trends, but the toll in lives and disabilities is still too high. 

How can these levels of morbidity and mortality be reduced significantly? In this paper, 
four elements of a comprehensive strategy have been discussed. Although no single element 
can adequately reduce the impact of motor vehicle injuries, together these four elements 
constitute a strategy. The four elements are as follows: 

• Leadership, collaboration, and coordination - in the traffic safety, injury control 
and public health fields, among different levels of government, and between private 
and public organizations. 

• Public recognition and support - of motor vehicle injury as an unacceptable, 
preventable cause of morbidity and mortality, of the need for increased research 
funding and programs, and of tough, effective laws enforcing proven interventions. 

• Implementation of proven interventions - such as comprehensive occupant pro­
tection and other traffic safety programs, including laws, enforcement, education, 
and engineering interventions; and vehicle safety devices such as airbags and antilock 
brakes. 

• Expansion of the scientific base - to develop and test other effective interventions. 

In this section, each of these elements is briefly summarized. In the next section, we discuss 
specific recommendations for elected officials, stat,e and local governments, the U.S. De­
partment of Transportation (DOT), the U.S. Department of Health and Human Services 
(DHHS), corporate America, private and public employers, the health care community, 
academia, and citizen advocacy groups. 

Leadership, Collaboration, and Coordination 

Many strategies have been at least partially successful in the prevention of motor vehicle 
injuries. Passage of safetyyrelated laws, changes in societal norms, enforcement of the laws, 
road design, automobile design, and trauma systems all play significant and complementary 
roles in preventing motor vehicle injuries and deaths. While the spectrum of solutions is 
encouraging, it demands a multifaceted and coordinated approach in order to use resources 
as effectively as possible. 
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The list of organizations and agencies either directly or indirectly dedicated to the preven­
tion of motor vehicle injuries is extensive. For example, consumer groups are concerned 
about auto safety and the high cost of car insurance; insurance companies are concerned 
about escalating medical costs; advocacy groups against impaired driving and head injury 
associations are concerned about those involved in motor vehicle crashes; government 
agencies, such as health, highway safety, and law enforcement, are all interested in protect­
ing the public; auto manufacturers are concerned with the production of safe products at 
reasonable prices; hospitals are concerned with providing care but minimizing the financial 
impact of uncompensated care; labor organizations - especially those with highway main­
tenance and construction workers - are concerned with preventing work-related injuries; 
and medical care professionals are interested not only in caring for injured persons but also 
in preventing injuries. (An overview of federal agencies involved in motor vehicle research 
or regulation is provided in Table 5.) 

Each group or agency has unique reasons for being concerned about motor vehicle injuries 
and has unique resources to offer. In combination, these organizations possess financial 
resources, scientific expertise, community organization skills, political influence, regulatory 
and enforcement authority, and data systems for program planning and evaluation. No 
single group or agency can tackle motor vehicle injury prevention alone. To continue the 
progress that has already been made in this field, there must be more coordination and 
collaboration among all interested parties. 

Some interventions are clearly the responsibility of a particular organization or level of 
government. For example, developing minimum safety requirements for the design of 
automobiles is a federal responsibility, while enacting safety belt laws is a state responsibility. 
Enforcement of safety belt laws is carried out by state and local law enforcement agencies. 
At the local level, communities should address local traffic safety problems through the 
implementation of community traffic safety programs that combine education, engineering, 
and enforcement interventions. 

The fact that organizations' interests, jurisdictions, and resources differ should not lead to 
conflict and competition for funds within the overall effort. Coalitions can be an effective 
way to influence legislators and the public, establish common goals, focus attention on 
underfunded areas, and help deliver effective interventions where they are needed most. 

Motor vehicle injuries may be one of the few societal problems for which an array of known 
solutions, concerned organizations, and resources is available. When communities initiate 
broad, multifaceted interventions that bring together the forces of technology, the media, 
law enforcement, and product design, success can be achieved. Highway safety is the 
responsibility of a broad spectrum of government agencies and private industries (Table 6). 
A significant part of the answer to the prevention of motor vehicle injuries lies in coordinat­
ing these organizations and agencies and applying what is already available and known to 
work, while supporting and encouraging research in promising new areas. 
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Table 5 

Federal Agencies Involved in 
Motor Vehicle Injury Research or Regulation 

Department of Transportation (DOT) 
National Highway Traffic Safety Administration (NHTSA) 
Federal Highway Administration (FHWA) 

Department of Health and Human Services (DHHS) 
Public Health Service (PHS) 

Centers for Disease Control (CDC) 
National Center for Environmental Health and Injury Control (NCEHIC) 

Division of Injury Control (DIC) 
National Institute for Occupational Safety and Health (NIOSH) 

Division of Safety Research (DSR) 
National Center for Health Statistics (NCHS) 
Health Resources and Services Administration (HRSA) 
National Institutes of Health (NIH) 

National Institute on Aging (NIA) 
National Institute of Child Health and Human Development (NICHD) 
National Institute of Neurological Disorders and Stroke (NINDS) 

Alcohol, Drug Abuse, and Mental Health Administration (ADAMHA) 
National Institute on Drug Abuse (NIDA) 
National Institute on Alcohol Abuse and Alcoholism (NIAAA) 

Indian Health Service (IHS) 

Department of Commerce (DOC) 
(Regulates imported cars) 

Department of Defense (DOD) 

Department of Education (ED) 
National Institute on Disability and Rehabilitation Research (NIDRR) 

Department of Labor (DOL) 
Occupational Safety and Health Administration (OSHA) 
Bureau of Labor Statistics (BLS) 

Consumer Product Safety Commission (CPSC) 
(Bicycles, bicycle helmets, all-terrain vehicles) 

Interstate Commerce Commission (ICC) 
(Interstate trucking) 

National Transportation Safety Board (NTSB) 
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Table 6 

Major Sponsors of Highway Safety Research 

Primary Areas of Emphasis 

Organization Human Vehicle 

Federal Government 

National Highway Traffic Safety 
Administration X 

Federal Highway Administration X 

Centers for Disease Control X 

States 

Private Industry 

Automobile manufacturers 

Automobile suppliers 

Insurance industry X 

Highway industry 

a Crash data collection, maintenance, and analysis. 

b Special regulatory analysis and motor carrier information systems. 

C Research on trauma and injury mechanisms. 

X 

X 

X 

Xe 

X 

X 

Highway 

X 

Xd 

X 

Other 

Xa 

Xb 

XC 

Xf 

d The majority of state sponsored safety research is highway-related but a modest amount of human- and 
vehicle-related safety research is also conducted. 

e The majority of the research sponsored by the automobile manufacturers is vehicle-related. However, 
evaluations of crashes are also undertaken and some research is conducted on driver-related issues, 
such as alcohol-impaired driving. 

r Crash analysis. 

Source: Adapted from (103) which presents a detailed discussion of the complementing organizational 
responsibilities of government agencies in motor-vehicle injury prevention research. 
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Regulations in the areas of occupant protection, motor vehicle design standards, and motor 
vehicle maintenance standards can have a significant impact on the incidence of injury. They 
should be developed on the basis of the best scientific information available and tested in a 
scientific manner whenever possible. This will be accomplished only if there is communi­
cation between researchers and regulators. 

DOT-Sponsored Highway Safety Research 

Recently, the Federal Highway Administration (FWHA) and the National Highway Traffic 
Safety Administration (NHTSA) jointly funded a Strategic Transportation Research Study 
for Highway Safety to assess the adequacy of current research programs to take the lead in 
improving the Nation's safety record (103). A special committee of the Transportation 
Research Board, which carried out the study, reviewed the scope, direction, and funding of 
highway safety research programs. The panel heartily supports the committee's recommen­
dations with respect to ways that the process of conducting research could be improved to 
encourage innovation and quality of scholarship. These recommendations include the 
following: 

• The rebuilding and sustaining of programs of long-term research in the mission 
agencies. 

• Additional annual federal funding of $30 to $40 million (in 1990 dollars), growing 
annually at 5% to 7% in real terms over the next 5 to 10 years, to support long-term 
research programs and build the necessary research infrastructure (this recom­
mended funding level would be higher but for the lack of available qualified scientists 
to conduct the research). 

• Use of the recommended additional resources to support a program that emphasizes 
peer-reviewed, investigator-initiated research; multiyear funding of research pro­
grams; more flexible funding arrangements; and the education and training of new 
researchers. 

• Enhanced funding of biomechanics research by DOT to provide the knowledge base 
for further advances in injury reduction. 

• Support for three to five university centers specializing in human factors and other 
highway safety research disciplines to advance the knowledge of effective crash 
avoidance strategies. 

• A new cooperative program for state-sponsored highway safety research to stimulate 
more joint state research on driver- and vehicle-related issues. 

DHHS-Sponsored Injury Control Research 

To address motor vehicle and other types of injuries as a public health problem, the panel 
recommends full implementation of the organizational structure recommendations in Injury, 
inAmerica (104). These include establishing of a National Center for Injury Control (NCIC) 
within the federal government. The Centers for Disease Control (CDC) is recommended 
as an appropriate location for such a center. 
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A solid scientific base formed by research would allow DHHS to develop injury control 
interventions; to work with epidemiologists and other public health professionals in evalu­
ating those interventions; to serve as an interdisciplinary model and national resource in 
injury control for academic institutions, state and local health departments, and others; to 
provide standards or serve as a reference laboratory; to increase the visibility of injury 
control as a science; and to develop internal expertise in the area of injury to help facilitate 
extramural research activities and coordinate national efforts in injury control. Center 
activities should include research in epidemiology, biomechanics, behavior, and the clinical 
and rehabilitative sciences. The continuing contribution of researchers in traffic safety, 
which cuts across several of these disciplines, should be ensured. 

The NCIC would have the fonowing functions: 

• To coordinate prevention research within and outside the federal government. 

• To fund research outside the federal government. 

• To fund training for researchers in various aspects of injury control. 

• To develop intramural research. 

To support the functions of the NCIC, the panel recommends the following: 

• Allocation of sufficient resources to serve these functions. 

• Allocation of positions and funding for research by DHHS for motor vehicle injury 
research and prevention (in collaboration with DOT), commensurate with its size 
and importance as a public health problem. 

• Establishment of an injury control laboratory, but only after sufficient expansion of 
the CDC injury control program (see Recommendations to Implementers: Depart­
ment of Health and Human Services, page 126.) 

The proposed center should collaborate with federal agencies involved in research in motor 
vehicle-related injuries, as well as agencies that have regulatory functions over motor vehicle 
travel. (These agencies are listed in Table 5, page 115.) The NCIC should also collaborate 
with the Division of Safety Research at the National Institute for Occupational Safety and 
Health (NIOSH) to ensure coverage of issues related to work-related motor vehicle injuries. 

Public Recognition and Support 

Recognition of motor vehicle injuries as a public health problem can lead to increased 
support for research funding, for acceptance of laws and enforcement, and for existing 
programs and technology. In addition, consumer demands for motor vehicle safety features 
can continue to expedite safety innovations in vehicle design. 

Efforts by advocacy organizations, law enforcement, public health, and safety officials -
primarily at the state level- have produced new-found public support for public education 
and for enforcement of state laws requiring responsible behavior by motor vehicle 
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operators. Impaired driving laws and laws requiring safety belt, motorcycle helmet, and 
child safety seat use are examples of state legislative actions that have saved lives. When 
these laws are combined with sustained education and enforcement efforts, roads can be 
made even safer. 

The lesson of these efforts is clear: strong public policy, law enforcement, and widespread, 
yet focused, public education are required to change public attitudes and behavior. In 
contrast with earlier highway safety campaigns that emphasized media campaigns alone, 
successes during the last decade have been based on comprehensive, multifaceted pro­
grams. Building on this foundation, education can reach more of the public and have a more 
lasting impact. 

Implementation of Proven Interventions 

The effectiveness of various vehicle and highway safety features is well documented and was 
discussed earlier. Programs designed to educate the public and enforce traffic safety laws 
can reduce the rate of motor vehicle injuries. Finally, passage and enforcement of strict 
impaired-driving laws can deter impaired driving and its consequences. Each of these types 
of interventions offers unrealized potential to save more lives, if the interventions were 
systematically implemented. 

Expansion of the Scientific Base 

Although proven interventions must be more fully implemented, new research offers the 
potential for further interventions, as well as technical support for specific interventions and 
public policies. Research in the areas of biomechanics, Intelligent Vehicle Highway Systems 
(IVHS), crash avoidance technologies, occupant protection technologies, driver perform­
ance, trauma care, behavior, appropriate treatment, and highway design must be funded 
and sustained to understand the causes of motor vehicle injuries and to design interventions 
that prevent them. 

Recommendations to Implementers 

In this section, recommendations to "implementers" are discussed, with special attention to 
the previous four elements: leadership, collaboration, and coordination; public recognition 
and support; implementation of proven interventions; and expansion of the scientific base. 

Elected Officials 

Motor vehicle injuries, unlike many other public health problems, offer many opportunities 
for near-term cost-effective interventions. By supporting comprehensive programs, legis­
lative initiatives, and funding of basic scientific research, members of Congress and 
other elected officials have a rare opportunity to support programs that represent some of 
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the most cost-effective ways to save lives as well as future dollars. This is clearly demon­
strated in the President's budget discussion on managing risk sensibly (9). 

Implementation of Proven Interventions 

Motor vehicle safety is a national issue and deserves national attention. Elected officials 
should champion motor vehicle safety because of the compelling evidence that proven 
interventions save lives and money and because the overwhelming cost-effectiveness of 
these interventions is well documented. 

The combined federal commitment to motor vehicle safety research is $41 million a year, 
but the federal government spends between $12 and $15 billion annually in direct subsidies 
to people injured in motor vehicle crashes. Legislators should recognize and emphasize that 
far greater amounts can be saved by implementing proven, effective interventions. 

Many effective interventions, such as enforcement of laws and ordinances, education, and 
trauma systems, can be shown to prevent injuries - especially costly head and spinal cord 
injuries - and to save thousands of lives (105). These types of interventions - and results 
- are within the legislative realm, and should be promoted by elected officials. 

Expansion of the Scientific Base 

Beyond drawing national attention to these issues and advocating the implementation of 
proven interventions, Congressional leaders and other elected officials can ensure contin­
ued success by maintaining and expanding the field's scientific base. This means that funding 
levels for existing intervention research and surveillance programs within DOT and DHHS 
should be expanded. Congressional leaders should also encourage leaders in the private 
sector to initiate, sustain, and expand their safety research programs. 

State and Local Government 

Although some measures to reduce motor vehicle injury must occur at the federal level (e.g., 
motor vehicle safety standards), state and local traffic safety efforts playa critical role in 
preventing motor vehicle injuries. State and local governments can playa significant role 
in promoting traffic safety by providing leadership, collaborating and coordinating with 
other agencies and levels of government, building public recognition and support, support­
ing data and research systems, and identifying local needs. 

Leadership, Collaboration, and Coordination 

To achieve maximum effectiveness, a state program should be closely coordinated with all 
appropriate state and local agencies. Ideally, a state should create a statewide mechanism 
for designing an overall injury control plan, with input from the local governments so as to 
assure the acceptability and feasibility of the proposed programs. Because injury control 
requires the commitment of so many different state agencies, it is difficult for anyone agency 
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to plan and implement a comprehensive program. A mechanism that has proven successful 
in several states is a Governor's Task Force on Injury Control, either exclusively or partially 
dedicated to motor vehicle injury. Such a mechanism draws together interagency resources, 
skills, and knowledge and provides endorsement of the program from the highest level. 

A successful Governor's Task Force must have knowledgeable technical support to ensure 
that programs are based on the results of sound scientific research or effective programs. 
However, the membership of the task force itself should include persons with influence in 
the political and private sector communities, such as representatives of law enforcement 
agencies, intergovernmental and health care provider associations, insurance companies, 
consumer groups, labor organizations, voluntary organizations, state and local elected 
officials, educational institutions, and local health departments. Injury control professionals 
seldom wield such influence, but they can provide those who do with the data necessary to 
persuade decision makers to support injury control programs. 

A primary focus and one of the first missions of a Governor's Task Force should be to 
compile statewide data on the extent and type of motor vehicle injury experienced in that 
state. In addition, the estimated costs of the injury should be calculated, including both total 
societal costs and direct costs to the state - that is, the amount paid for by public funds. 
Such information should enable the task force to make informed judgments and recommen­
dations about where to expend resources and estimate the kinds of savings that may be 
anticipated from implementing countermeasures. 

Some effort should be devoted to cataloging current state programs in injury control. It is 
likely that such programs are fragmented and not coordinated with other programs sharing 
similar interests. The task force can be instrumental in identifying gaps in coverage and 
facilitating better coordination and collaboration among programs. The task force can also 
bring strong leadership to the implementation of programs that have proven to be effective 
in reducing motor vehicle injury, such as effective laws and enforcement strategies. Col­
laboration with the State Highway Safety Agency (SHSA), which includes the Governor's 
Highway Safety Program, is essential from the outset. The SHSA provides leadership, 
state-of-the-art technical information and assistance, data, grants to local communities, and 
coordination with other public safety agencies, such as law enforcement and emergency 
medical services (EMS). 

Another agency that must be heavily involved in any statewide motor vehicle injury control 
program is the state health department. One important goal of any state program should 
be to institutionalize injury control within existing programs. Although a few state health 
departments have developed injury control programs, this has been largely accomplished 
with federal funds and institutionalization will require some state core funding for such 
programs. In the area of motor vehicle injuries, much can be accomplished if the SHSA and 
state health department join forces and increase their collaborative efforts. 
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Although federal monies may appropriately be used to initiate programs, ultimately state 
and local programs should be self sufficient. Because responsibility for the reduction of 
motor vehicle injury requires the involvement of so many different interests and entities, it 
becomes difficult to calculate how costs and benefits affect each agency's budget. It may be 
that if more funding were provided to highway engineering, enforcement, and education, 
health care costs would be reduced. However, because the specific budgets are quite 
independent, it is difficult to arrive at a decision based on the more global view. It is unlikely 
that one state agency will agree to spend more of its budget on a particular program to enable 
another state agency to save money. It is this kind of problem that requires high-level 
leadership to solve. 

Public Recognition and Support 

State-level task forces have played an important role in focusing attention on motor vehicle 
injury. Over the past 10 years, many state task forces have been established in the area of 
impaired driving or occupant protection. These task forces have been instrumental in 
initiating legislative and program action. For example, in 1989, the North Carolina Gover­
nor's Highway Safety Program initiated a statewide task force, appointed by Governor 
J ames Martin, to collect and review injury morbidity and mortality data, develop a plan for 
increasing public awareness on injury, and convene the first statewide symposium on injury. 
During this same period, the Wisconsin Highway Safety Office and Wisconsin Department 
of Health initiated a statewide task force, appointed by Lieutenant Governor Scott 
McCallum, to address childhood injury. Both task forces were successful in drawing both 
public and political attention to injury prevention and control and have established ongoing 
collaborative statewide programs. 

Implementation of Proven IntelVentions 

Within each state, the support of the Governor and the legislature is also critical to the 
establishment of a statewide motor vehicle injury prevention and control program that is 
adequately funded. Their political clout and effort will be needed to enact significant 
life-saving legislation and establish self-sufficient programs (106). Local government also 
plays a critical role in enacting local ordinances where state laws do not exist and in 
supporting law enforcement, EMS, and the establishment of community traffic safety 
programs. For example, in Lexington-Fayette County, Kentucky, driver restraint use in­
creased from 36% before adoption and implementation of a local safety belt ordinance to 
76% after enforcement began (107). Recently, the first bicycle helmet ordinance in the 
United States was enacted in Howard County, Maryland. 

Expansion of the Scientific Base 

Much of the information needed to quantify the scope of the motor vehicle injury problem 
and to evaluate programs is not readily available. Data concerning motor vehicle injury are 
far more complete than they are for other major injury types, but even here there is room 
for improvement. Leadership at the state level could facilitate the coordination of data 
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systems - for example, routine linkage of motor vehicle crash data with medical examiner 
files and hospital discharge data. 

Leadership at the state level could also encourage the increased use of technology for 
purposes of data collection and linkage. For example, the use of bar coding for driver 
licenses and vehicle registration could facilitate the recording of this information and reduce 
the time required for data collection. Laptop computers could be used in the field for crash 
data entry, thus bypassing the time-consuming and expensive process of editing and coding 
crash reports as currently practiced in most states. 

State-level task forces will become increasingly aware of important questions that remain 
unanswered. Especially in times of limited resources, reliable research, evaluation, and 
other data are essential for decisions regarding the allocation ot resources. The task force 
can playa significant role in steering research resources into those areas that will most 
benefit the statewide programs. 

Department of Transportation 

By statute, the U.S. Department of Transportation (DOT) is the federal agency charged 
with responsibility for motor vehicle and highway safety. Under the National Motor Vehicle 
and Traffic Safety Act of 1966, DOT is responsible for establishing necessary motor vehicle 
safety standards, conducting motor vehicle safety research, and requiring manufacturers to 
recall defective vehicles. 

Under the Highway Safety Act of 1966, DOT is required to collaborate with state and local 
governments to develop and implement comprehensive highway and traffic safety pro­
grams. Under the various motor carrier safety statutes enacted during the 1980s, DOT is 
responsible for removing unsafe drivers and vehicles from the road and establishing oper­
ating requirements for all commercial operators of motor vehicles involved in interstate 
commerce. DOT, which includes NHTSA and FHWA, has produced a number of policy 
statements that establish safety as one of the Department's highest priorities. DOT's efforts 
include funding programs, data systems, research and demonstrations, state-of-the-art 
technology transfer, state legislative advocacy, new motor vehicle safety regulations, vehi­
cles-in-use regulations, training, and evaluation. 

The Department has adequate statutory authority to continue to make important contribu­
tions to the reduction of motor vehicle crash-related morbidity and mortality. DOT has 
been and will continue to be an important agent for change in each of the following areas: 

Leadership} Collaboration} and Coordination 

DOT is uniquely positioned to work with virtually every sector of our SOCIety to promote the 
effective prevention and control of transportation injuries. DOT is a source of objective 
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data in the field and can provide evaluations of the widest variety of transportation safety 
interventions. 

While DOT has worked closely with state and local governments and has recognized the 
importance of working with citizen activists in the field of safety, it also can seek more 
effective collaboration with the private sector, the scientific community, and the field of 
public health. Transportation safety has been viewed as a mobility constraint and not a 
societal health problem of enormous magnitude. To remedy this, DOT should consider 
collaborative research with the transportation industry, where appropriate, particularly with 
motor vehicle manufacturers and with agencies within DHHS. However, as noted in the 
section on corporate America, there are legal constraints that currently proscribe such 
collaborative research. DOT should also continue to make its databases widely available 
to the scientific community to encourage its involvement in transportation safety issues. 

With respect to coordination, DOT should serve as a national source of objective data as 
well as a national clearinghouse for research in the field. Currently, there is no available 
means to inventory adequately the body of work in the field of transportation safety. 

NHTSA has successfully participated in an ongoing Interagency Agreement with CDC since 
March 1986. Through this agreement, these agencies have been able to combine forces in 
supporting cross-cutting programs such as biomechanics, trauma research, data collection, 
and acute care. Continuing and fostering such agreements between DOT and DHHS 
agencies should be encouraged in the interest of developing procedures to jointly fund 
competitive grants for biomechanics research centers, to enhance and develop trauma 
registry database linkages with crash databases, and to work with the public health commu­
nity in addressing issues of behavior modification. 

Public Recognition and Support 

If we are to reduce the incidence and severity of motor vehicle crashes, we must have the 
public's support. The Department's role in this area is best fulfilled by making information 
available to the entire safety community. DOT must also continue to focus attention on 
both the size of the injury problem and the long history of successful intervention. The 
message that DOT must promote is that there are effective solutions to the motor vehicle 
safety problem. 

Implementation of Proven Interventions 

In the areas of motor vehicle crash avoidance and crashworthiness, DOT's authority to issue 
Federal Motor Vehicle Safety Standards assures that vehicle safety performance can be 
required in the new car fleet as soon as countermeasures are determined to be feasible and 
meet the need for motor vehicle safety. 
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In the traffic safety areas, DOT has the authority to implement state and community grant 
programs that address the issues of impaired driving, occupant protection, EMS, police 
traffic services, motorcycle safety, and traffic records, among others. Through its Section 
402 State and Community Highway Safety Grant Program, DOT helps to assure that 
financial support can be provided to begin implementing countermeasures at the state and 
local levels, once they have been determined to be effective. In addition, these grants 
support the development of effective local traffic safety programs that can be targeted to 
community needs. 

NHTSA has published a priority plan for the implementation of proven interventions (108). 
This plan is a schedule of actions that address motor vehicle safety, impaired drivers, 
occupant protection, technology innovation, and other safety initiatives. 

Similarly, FHWA has recently published a list of 11 complementary priority short-term 
countermeasures that are considered to offer a high payoff within the next 2 years. FHWA 
will emphasize national implementation of these countermeasures (109). 

Expansion of the Scientific Base 

DOT should consider establishing two parallel research programs: extramural and intramu­
ral. DOT's current mode for conducting research is a hybrid of both, with outside contrac­
tors responding to DOT's internally defined needs and approaches via Requests for 
Proposals (RFPs). This approach should be continued and expanded. With additional 
funds, an extramural grant program could be established. Such, a program would nurture 
long-term academic interest, scientific credibility, and activity in the area as well as provide 
DOT with an additional source of creative inputs. DOT should also enhance its internal 
capabilities by hiring scientists to conduct selected studies and not only monitor them. 
Finally, innovative collaborations with other agencies or the private sector should be 
pursued as a means of expanding support for the safety research community. 

In addition, NHTSA has developed a detailed research and development program plan for 
1992-1996 that addresses the following topics: 

• Crashworthiness research. 

• Crash avoidance research. 

• Highway safety research. 

• Crash data collection and analysis. 

• Technology transfer. 

• Program delivery. 

• Resource needs (110). 
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FHWA's 1992-96 research and technology program emphasizes the following highway 
safety areas: 

• Highway safety information management. 

• Human factors research for highway safety. 

• Pedestrian and bicycle safety. 

• Highway safety design practices and criteria. 

• New traffic control methods and devices. 

• Motor carrier safety research (109). 

Attention should be given to these plans as a framework for priority research in these areas. 

Department of Health and Human Services 

Although Congressional mandate has given NHTSA primary responsibility for reducing the 
burden of traffic injury, leadership is needed at the highest levels of the Department of 
Health and Human Services (DHHS) to focus national attention on the extent of this injury 
problem. Throughout DHHS and the federal government, several agencies are charged 
with various aspects of injury control programs. In 1984, the Committee on Trauma 
Research recommended that the federal government create an organizational setting and 
structure to coordinate the study of injury and that this unit be placed within DHHS, initially 
at CDC (104). Such a single coordinated focus of activity would give visibility to injury as 
an "important public health issue and permit an organized program of effective action to 
address the problems." In addition, the Committee emphasized that "vast sums could be 
saved by a relatively small investment in this field." Accordingly, our panel finds historical 
precedent in the spirit of its recommendations to DHHS. These include the full implemen­
tations of the organizational structure recommendations in Injury in America, including the 
establishment of a Center for Injury Control as previously described. Other panel recom­
mendations to DHHS are as follows: 

Leadership, Collaboration, and Coordination 

To address motor vehicle injury more comprehensively, collaboration and coordination of 
program research and prevention activities must be conducted within DHHS. Over the past 
10 years, motor vehicle injury research and prevention activities have been conducted 
through the Indian Health Service, Bureau of Maternal and Child Health, National Insti­
tutes of Health, the Alcohol, Drug Abuse, and Mental Health Administration, CDC's 
National Institute for Occupational Safety and Health, National Center for Health Promo­
tion and Education, National Center for Environmental Health and Injury Control, and 
several other organizations. The coordination of programs, strategic goals, research, and 
data systems within DHHS is instrumental in effective collaboration with other federal 
agencies and state health departments. 
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In accord with the recommendations of the Committee on Trauma Research in Injury in, 
America, the panel recommends that DHHS coordinate the Nation's injury prevention 
efforts in a spirit of collaboration with DOT, the Consumer Product Safety Commission, the 
Department of Defense, the Department of Labor, and other federal agencies. Because of 
DOT's regulatory responsibilities and transportation-related focus, DHHS has been per­
ceived as a better locus for these coordinating efforts. However, active participation of DOT 
and other federal agencies will help in setting the agenda and overseeing DHHS' injury 
control activities. 

The panel recommends that state health departments be actively encouraged to collaborate 
in injury research and prevention projects with State Highway Safety Agencies (SHSA). As 
noted earlier, such an agency provides leadership in the state for highway safety programs. 
In addition to program action, there are a number of data sources that collect various aspects 
of the motor vehicle injury problem. Although there is no comprehensive national surveil­
lance system for nonfatal crash-associated injury and disability, IIpolice accident reports,1I 
trauma registries, and EMS llrun sheetsll all provide a collective view of the problem. 
Linkage of these systems with hospital records would -

• Provide valuable datu on the impact of nonuse of safety belts and child safety seats, 
pedestrian and bicyclist injuries, and impaired driving. 

• Provide data to decision makers regarding resource allocation or legislative action. 

• Increase interest in using data that are already available for analyzing injury issues. 

The panel believes that the motor vehicle aspects of the injury control program, as well as 
the other aspects, would benefit from a specific responsibility for injury control in the Office 
of the Assistant Secretary for Health. This office would help ensure an orderly growth and 
development of the program and would act as a leader in coordinating the various satellite 
activities within DHHS. This responsibility is also critical because coordination with DOT 
and other cabinet-level departments will be vital for a cohesive national program. Since 
injury is underfunded in comparison to other health and societal problems, a responsible 
contact within the DHHS leadership will help develop an appropriate allocation of a funded 
and broad-based focus for injury control. 

The principal current DHHS injury control program at CDC must balance its support of 
motor vehicle research in the broader field of injury control (111). This will help attract 
talent to address all aspects of injury control while rebuilding the cadre of professionals 
active in the field. To assure proper balance in the CDC program, the panel recommends 
that the DHHS Advisory Committee on Injury Control maintain adequate representation 
from the transportation safety research and program field and that grant review panels 
dealing with transportation-related proposals have adequate representation of traffic injury 
control researchers and program managers. This should include traffic injury control 
researchers as reviewers on biomechanics and traffic injury prevention grant reviews and 
CDC's reliance on professionals active in traffic safety as the field grows. This approach 
should lead to the orderly development of a research base in motor vehicle safety. 
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Expansion of the Scientific Base 

The federal government needs a laboratory to conduct research on the basic sciences of 
injury control, including traffic-related issues. This will provide not only a visible focus for 
broad-based studies and national attention, but also the opportunity to involve leading 
scientists and professionals outside the DOT and DHHS as partners in the injury control 
program. In addition, an injury control laboratory can help ensure the real-world effective­
ness of various countermeasures. The proposed laboratory is envisioned as an essential 
component of a future National Center for Injury Control, and would complement DOT 
research as well as that of the university-based IIcenters of excellencell and industrial research 
regarding motor vehicle injury prevention. The laboratory should have close connections 
to CDC and NHTSA and to universities involved in engineering, human sciences, and 
medicine, thus enabling the field of injury control to attract professionals in biomechanics, 
acute care, and rehabilitation. 

Although a laboratory is an important way in which federal programs can effectively develop 
capabilities, such a laboratory should be funded by new monies imd not drain funds from 
CDC's extramural research program or from NHTSA's research budget. These needs 
speak to a requirement for growth in the overall budget of federal injury control programs. 
By playing a key role in developing an applied injury research laboratory, CDC's mission 
will be broadened. This laboratory should also collaborate with NIOSH's Division of Safety 
Research to facilitate research in work-related motor vehicle injury issues. 

DOT does not solicit investigator-initiated studies, but rather conducts studies on areas it 
establishes. This has led to a fragmented development of academic expertise and little or 
no development of training and education for traffic safety researchers. Consequently, the 
panel recommends that DHHS resources be allocated for training programs for researchers 
and practitioners in all aspects of the motor vehicle injury field, both inside and outside 
government agencies. Attention should be given to the judicious allocation of funds for 
creating and managing sorely needed research training programs in epidemiologic, behav­
ioral, biomechanical, clinical, and rehabilitative medical sciences related to motor vehicle 
injury. Adequate attention must be provided to state and local practitioners in the field who 
assume program responsibilities for injury control program activities. 

The panel recommends that the National Committee on Vital Health Statistics consider 
making the following recommendation to the Secretary of DHHS: Whenever an injury is 
the principal diagnosis or directly related to the principal diagnosis for a hospitalized patient, 
all external cause of injury should be recorded in the medical record. When an external 
cause is recorded, applicable E-codes should be reported in the hospital discharge data set. 

The panel also recommends that E-codes be required for all hospitalized patients, in all 
DHHS programs that deliver care, regardless of the payment source. The panel also 
recommends that the revised Uniform Bill (UB-82) for hospitals accommodate the collec­
tion of E-codes. The panel also strongly encourages all other jurisdictions and programs 
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collecting Uniform Hospital Discharge Data Set (UHDDS) data to include E-coding as a 
requirement for injury hospitalizations. The panel is concerned that, without strong finan­
cial incentives or sanctions, the mandate to report E-codes may not succeed nationally. 

Corporate America 

As part of the Nation's program to reduce motor vehicle crash injuries, the corporations of 
America can play a role. Some businesses, including motor vehicle manufacturers and 
automobile insurers, have unique opportunities to contribute to reducing injuries, because 
their products are directly involved with the problem. Other corporations can also playa 
role in reducing crash injuries. 

Motor Vehicle Manufacturers 

Manufacturers of motor vehicles and components sold in the United States are asked to 
undertake several key initiatives: 

• Develop a cooperative research program with DOT and DHHS. Considering the range 
of research needed and the limited resources in both the public and private sectors, 
the panel believes that CDC, NHTSA, and motor vehicle manufacturers should be 
specifically permitted to conduct a collaborative research program that gives ade­
quate protection to the public's interest and adequate protection to the manufactur­
ers' proprietary concerns. Currently, without specific authorization, NHTSA and the 
manufacturers are precluded from developing such a program. 

• Expand safety marketing and provide consumer information. It is recommended that 
manufacturers emphasize safety in their advertising and refrain from advertising 
unsafe practices such as speeding. For example, they should cancel advertf'.;ements 
that require disclaimers such as the following: "This maneuver should not be 
attempted by ordinary drivers." Manufacturers can also emphasize safety by encour­
aging auto and motorcycle dealers to provide point-of-sale education on safety 
features. 

• Accelerate the pace of safety-related design changes. Manufacturers should hasten the 
development and introduction of design improvements that will lead to crash avoid­
ance and reduced injuries. 

• Curtail the production of high-speed vehicles. Many vehicles capable of speeds well 
in excess of 100 mph are produced every year, even though the maximum speed limit 
is 65 mph. The production and promotion of such cars and motorcycles should be 
curtailed. 

• Assist state and local authorities in promoting safety laws. Manufacturers should 
continue to promote safety belt use laws and require their own employees to use 
belts. In communities where manufacturers have facilities, they can contribute 
directly to community efforts by becoming actively involved in traffic safety pro­
grams. 
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Car Rental Companies 

Car rental companies can contribute to motor vehicle safety by purchasing fleet vehicles 
equipped with antilock braking systems and driver and passenger airbags, by reminding 
customers to use safety belts and child safety seats, and by providing child safety seats to 
customers free of charge. 

Insurance Industry (Auto and Health) 

The Nation's property and casualty insurers have a vested interest in reducing the incidence 
of motor vehicle crashes and crash injuries. Other segments of the insurance industry, 
including life and health carriers, also have a strong interest in this reduction because crashes 
are a leading cause of death and serious injuries. 

Insurers should undertake several crash prevention and crash injury reducing initiatives, 
including the following: 

• Provide premium discounts. Auto insurers should promote the use of safer cars and 
driving practices, such as safety belt use, by providing appropriate premium discounts 
for cars with safety features such as airbags and antilock brakes. 

• Supply consumer information. Auto insurers should routinely supply policyholders 
with information about motor vehicle safety, including information about the actual 
insurance losses associated with specific car makes and models. In addition, the 
insurance industry should provide consumers with comprehensive information on 
the relative safety of new cars. To encourage safe driving behaviors, auto and health 
insurers should provide risk prevention information to policyholders. 

• Assist state and local authorities in promoting safety laws. Like motor vehicle manu­
facturers, insurers should actively assist state and local authorities in enacting and 
promoting safety laws. In states and communities where insurers are located, they 
could participate in existing community traffic safety programs and other educational 
campaigns and contribute directly to enforcing local safety laws by providing equip­
ment to improve the enforcement of such laws. 

These and other initiatives can contribute to increased public awareness of traffic safety 
issues, as well as to an improved public understanding of the insurance industry's commit­
ment to controlling costs. 

Alcohol Beverage Industry 

A high proportion of fatal motor vehicle crashes involve drivers who are impaired by alcohol. 
For this reason, the alcohol beverage industry has a special responsibility to contribute to 
motor vehicle crash injury reduction efforts. However, it is unlikely that the industry will 
change its successful and profitable marketing of alcohol significantly. If the alcohol 
beverage industry were to alter its promotion practices, the panel recommends the following 
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as two areas in which it could make the most significant contribution to reducing the toll of 
impaired driving on our society. 

• Discourage drinking and driving. The alcohol beverage industry should not promote 
its products in a way that encourages the use of alcohol in connection with motor 
vehicle use. The industry should emphasize responsible use of alcohol, including 
abstinence by drivers, and the problems that result from irresponsible use. Compa­
nies that make alcoholic beverages should not sponsor motor sports activities. 

• Discourage drinking among young people. The problem of impaired driving is acute 
among young people who are learning to drive at the same time that they are 
beginning to consume alcohol. The alcohol beverage industry should not promote 
its products in ways that encourage underage drinking; rather, the industry should 
encourage compliance with the minimum drinking age of 21. For example, the 
industry should reassess the common practices of sponsoring collegiate, athletic, and 
cultural events geared to young audiences and advertising alcoholic beverages in 
ways that glamorize dangerous driving or other risky behaviors. 

News and Entertainment Industries 

The magnitude of the motor vehicle injury problem is such that it warrants wide attention 
- wider, perhaps, than it now receives in the print and electronic media. Such attention 
should be increased in both the news and entertainment segments of television and news­
papers. For example, the news and entertainment industries should do the following: 

• Encourage more - and more accurate - news coverage. A straightforward way in 
which media coverage can contribute to injury reduction involves reporting when 
safety belts are (or are not) used in crashes, when airbag deployments are involved 
in crashes, what the alcohol levels of drivers were, and similar information. But news 
reporters are not public health experts. Therefore, highway safety and health 
professionals must work with reporters on a long-term and continuing basis to ensure 
that what they report is accurate and that it helps reduce motor vehicle injuries. 

• Encourage injury reduction themes in television programming. The public gets a 
message about injury-related behavior every time an actor on film wears or does not 
wear a motorcycle helmet or safety belt, and every time film and television stars 
unreali~tically survive drinking and driving or dangerous driving maneuvers in chase 
scenes. Programming executives should ensure that entertainment themes serve the 
public health purposes of reducing injuries. 

All Segments of Corporate America 

As employers, all of the Nation's businesses are in a position to implement work-related 
travel measures that affect motor vehicle injury rates. Corporations are urged to implement 
the motor vehicle safety measures recommended below, in the section titled "Employers, 
Contractors, and Labor Organizations.1I 
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Employers, Contractors, and Labor Organizations 

Employers, contractors, and labor organizations are in a unique position to implement 
work-related travel measures that affect motor vehicle injury rates. These may include 
measures not yet legislated in the state or Nation, as well as reinforcement of existing 
legislation. 

Collaboration, Leadership, and Coordination 

Management and labor should be encouraged to be partners in this effort. The industries 
most affected by motor vehicle fatalities - transportation, communications, and public 
utilities - have generally been quite supportive of programs such as those outlined above. 
Now, howf.wer, these industries account for less than a third of the occupational motor 
vehicle injury problem. Therefore, it is important that efforts be generalized to other 
industries, especially those in which motor vehicle injury fatalities account for a significant 
number of occupational injury fatalities. For example, research is needed in the construc­
tion industry to assess the effect of fatalities as a result of vehicle-associated injuries 
occurring in highway work zones. 

Labor unions and employers can also promote motor vehicle safety programs through their 
associations or by participating directly in state and local injury prevention and control 
coalitions. Likewise, employers, business associations, and labor unions employing health 
and safety professionals and joint labor-management education, training, and health and 
safety funds can be effective independent forces in the state and local legislative arena to 
advocate for maintaining and expanding effective injury prevention legislation and regula­
tion. Examples include occupant protection and impaired-driving legislation. These groups 
can also contribute to surveillance efforts by collecting accurate data on incidence and costs 
of motor vehicle crashes and injuries in the workplace. Finally, employers and associations 
can provide employee education programs in injury prevention as part of an overall health 
promotion and disease prevention program. These educational efforts are important 
beyond the immediate work environment; employer policies and programs in the workplace 
may "spill-over" to off-the-job driving practices. 

Implementation of Proven Interventions 

Examples include the following: 

• Purchasing fleet vehicles that are equipped with safety features such as antilock 
brakes and driver and passenger airbags. 

• Prohibiting alcohol use before or during driving on the job. 

• Mandating the use of safety belts (regulation recently proposed by the Occupational 
Safety and Health Administration (OSHA)). 

• Providing transportation to and from all corporate events at which alcohol is served. 
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• Imposing company penalties for on-the-job traffic violations. 

• Regulating maximum permissible continuous driving hours. 

Health Care Community 

Hospitals, physicians, nurses, and other health care providers have many opportunities to 
help prevent motor vehicle injuries by participating in data collection systems, training staff, 
and acting as a point of contact with patients. Several specific recommendations follow. 

Leadership, Collaboration, and Coordination 

• Physicians, trauma nurse coordinators, and other hospital personnel should join and 
actively participate in state and local coalitions, which will set policy and program­
matic initiatives for injury prevention. 

• Physicians, emergency personnel, and other hospital personnel should serve as 
agents to identify and refer persons with identified substance abuse problems or 
other conditions that put them at risk for injury. 

• Hospitals should actively work with EMS personnel, state and local health depart­
ments, highway safety agencies, and other governmental and nongovernmental 
agencies in developing and promoting injury prevention programs. 

• State medical societies and public health, nursing, and hospital associations should 
have a motor vehicle injury prevention committee and actively support motor vehicle 
safety legislation. 

Public Recognition and Support 

• Physicians and other health care providers should make questions and counseling 
about the use of safety belts, child safety seats, and helmets a routine part of patient 
consultations (112, 113). 

• Hospitals with obstetric and pediatric units should participate in programs to pro­
mote use of safety belts and child safety seats. 

• Whenever feasible, all primary health care providers should be furnished with clear, 
brief, authoritative handouts on proper safety belt use, child safety seat selection and 
use, and motorcycle and bicycle helmet selection and use, for distribution to their 
patients. 

• Hospitals should have safety belt education and child safety seat use discharge 
policies for all inpatients and outpatients. 

Expansion of the Scientific Base 

• Physicians and emergency department personnel should provide sufficient informa­
tion in medical records so that hospital personnel can record E-codes in hospital 
discharge data systems, and they should obtain and record a blood alcohol concen­
tration (BAC) level for all patients treated for acute traumatic injury. 
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• Hospital administrators should recognize the community need for E-coded data and 
should provide sufficient resources to train and provide personnel to use E-codes. 

• Hospitals should receive sufficient resources to provide high-quality information to 
state trauma, head injury, and spinal cord injury registries. 

• Hospitals should provide sufficient patient identifiable information through dis­
charge data and registries to allow linkage with other data sets. Confidentiality 
guarantees should be in place to restrict the use of such information to research 
purposes only. 

Training and Educational Institutions 

The panel recommends that resources be allocated for training programs for researchers 
and practitioners in all aspects of motor vehicle injury, both inside and outside of govern­
ment agencies. Attention should be given to the judicious allocation of funds for creating 
and managing sorely needed research and training programs in the epidemiologic, behav­
ioral, biomechanical, clinical, and rehabilitative medical sciences related to motor vehicle 
injury. Attention should also be given to state and local practitioners in the field who assume 
program responsibilities for the delivery of injury control program activities. 

Recent efforts are drawing more attention to the health aspects of injury, but the health 
establishment itself remains remarkably indifferent. A major target in overcoming such 
indifference is the preparatory training and continuing education of health professionals. 
In the past, the treatment of injury has received attention but the prevention of injury has 
been virtually neglected. From 1965 to 1975 DHHS funded only one training program for 
public health professionals in injury prevention, and there is no systematic federal funding 
oisuch programs today. 

In the absence of DHHS training, NHTSA developed a motor vehicle injury prevention 
course for highway safety and health professionals. Medical and nursing specialties in injury 
control, such as emergency medicine, have been stepchildren in the medical arena and are 
only beginning to gain academic credibility. The panel recommends that training in all 
aspects of motor vehicle injury be included in the curricula of ai! health professionals and 
that their knowledge in this area be evaluated in professional board examinations. 

Leadership} Collaboration} and Coordination 

Training health professionals in motor vehicle injury prevention can be facilitated through 
collaboration with state and local agencies. Some health care delivery training programs 
work closely with state and local agencies involved in injury prevention, but they are the 
exception, in part because so few training programs address injury control at all. Fewer 
institutions formally address motor vehicle injury control in their training programs. How­
ever, collaboration with state and local programs provides mutual benefits. The programs 
benefit from having access to the latest information and the energy and enthusiasm of 
students and faculty, while the students and faculty learn more about the real world 
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constraints in implementing programs and conducting research or evaluation. In addition, 
such collaboration bunds bridges that facilitate access to databases and the collection of 
better data. 

Expansion of the Scientific Base 

Although increased university funding to support injury control teaching and research is a 
worthy goal, there is a need to include motor vehicle injury control. Unfortunately, even the 
enormous magnitude of the problem and the associated societal costs may not be sufficient 
to overcome institutional inertia. Universities are struggling with budgetary limitations, but 
university administrators need to understand the worthiness of this program and adopt it as 
a growth area. State and national leadership, including funding, will be essential to the 
successful incorporation of injury control into academia. 

Although prevention is the key to injury control, few schools of public health address injury. 
The prevention of injury involves disciplines beyond those in public health and indeed 
beyond the health professions entirely. Schools of engineering have been the first to move 
toward requiring attention to injury control as a condition of accreditation. Requirements 
to teach courses on injury control should certainly be placed on training programs in public 
health and safety, as well as in medicine, nursing, law, and public policy. Efforts should be 
made to incorporate injury control into the standard curricula of such training programs. 
Traffic jnjury control must bridge the gaps among medicine, engineering, public health, law, 
and the behavioral sciences. 

University-based "centers of excellenc~" may provide an example of a multidisciplinary 
approach to injury control that advances the field's scientific base, trains researchers, and 
leads to innovative, effective countermeasures. The academic setting lends itself to collabo­
rative research involving a variety of disciplines that together can consider aspects of injury 
control that cannot be studied in isolation. Such approaches should be encouraged through 
funding mechanisms, university programs, and peer-reviewed publications. 

Another aspect of the academic setting is the geographic concentration of youth whose 
subsequent lifetime driving and social behaviors can be influenced by university policies. 
These policies can include alcohol regulations, safety belt requirements while on campus or 
in university vehicles, use of helmets while riding bicycles and motorcycles on campus, and 
enforcement of pedestrian right-of-way at crosswalks. Many of these policies - especially 
those concerned with bicycle and pedestrian safety - also apply to younger, school-aged 
children. 

Citizen Advocacy Groups 

A critical element in the continued success of the injury control movement in the United 
States is the legislative support and national awareness efforts of advocacy groups. These 
groups represent health, professional, disability, industry, and public interests and provide 
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leadership in building a constituency and coalition for injury control. Advocacy groups have 
been needed because of the lack of money and attention devoted to injury in America. This 
general lack will probably persist for some time, making stronger ties between different 
advocacy groups even more important. 

Leadership, Collaboration, and Coordination 

Many advocacy groups in the injury field share common goals. For example, the objectives 
of organizations concerned with impaired driving are largely shared by many concerned 
groups, such as the numerous groups within the National Coalition to Prevent Impaired 
Driving, and by professional groups. The programs of these groups, and those of federal 
and state agencies, must have more funds if they are to address prevention and intervention. 

A national council of advocacy groups should convene and consider common goals and areas 
of cooperation. This event would add to the cooperation that is emerging in the field. The 
council could identify areas in which groups may not have common objectives but may not 
have opposing positions either., The council also could identify the areas in which competing 
agendas are being pursued. With this approach, common objectives can be pursued more 
broadly and effectively. 

Advocacy groups should continue to foster closer coordination and cooperation on the 
important areas of injury prevention. These areas should include attention and the granting 
of priority status to the following: 

• Preventing impaired driving. 

• Increasing the use of safety belts, child safety seats, and bicycle and motorcycle 
helmets. 

• Abiding by posted speeds and signs. 

• Eliminating unsafe use of vehicles in advertising, commercials, television programs, 
and movies. 

• Assuring proper belt and helmet use in advertising, commercials, television pro-
grams, and movies. 

• Encouraging safety in vehicle purchase decisions. 

• Encouraging safe bicycling and appropriate pedestrian behavior. 

• Passing effective state laws. 

• Supporting enforcement of laws. 

• Developing and implementing effective public education programs. 

• Increasing media attention and making news of crashes and injuries more accurate. 

• Registering disabling injuries. 
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Public Recognition and Support 

Injury control is a prominent area of public health and a priority area for the Nation. Ifwe 
are going to reduce the economic, social, and family devastation injury produces, advocacy 
groups can and should playa role in the national program to garner money and attention 
to the problem and to develop broad-based education and prevention efforts. 

New advocacy initiatives are needed to develop the voice and power of youth, older adults, 
and the lower socioeconomic segments of society. These groups are disproportionately 
affected by injuries and would benefit from grass roots advocacy directed at community 
awareness, injury prevention, and local, state, and federal government initiatives. 

We have a great deal to gain from leaders in minority communities addressing injury control 
through family units, churches, and schools. In many instances, advocacy initiatives can be 
adapted for use in communities made up of minorities or of people with a specific culture 
and language. 

Expansion of the Scientific Base 

In many cases, advocacy groups can be effective by challenging conventional assumptions, 
even though their approaches may seem unscientific or unorthodox. However, it is increas­
ingly important that injury control advocacy be based on sound research findings and the 
proper interpretation of data. Each advocacy group should regularly assess its programs to 
ensure that its recommendations are based on sound scientific research. In areas in which 
additional scientific findings would strengthen advocacy efforts, coordination with health 
professionals is recommended. This not only offers the benefit of developing links among 
groups, but also ensures that the most appropriate research findings are used in legislative 
activities and in defining goals. In addition, this approach can help identify research and 
data needs that deserve national attention. 
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Appendix A: Healthy People 2000: Health Objectives for the Nation 
Excerpt: Objectives Concerning Motor Vehicle Injuries 

9.3 

9.9 

9.10 

9.11 

9.12 

9.13 

9.14 

9.20 

4.1 

4.8 

Reduce deaths caused by motor vehicle crashes to no more than 1.9 per 100 million 
vehicle miles traveled and 16.8 per 100,000 people. (Baseline: 2.4 per 100 million vehicle 
miles traveled (VMT) and 18.8 per 100,000 people (age adjusted) in 1987) 

Reduce nonfatal head injuries so that hospitalizations for this condition are no more 
than 106 per 100,000 people. (Baseline: 125 per 100,000 in 1988) 

Reduce nonfatal spinal cord injuries so that hospitalizations for this condition are no 
more than 5 per 100,000 people. (Baseline: 5.9 per 100,000 in 1988) 

Reduce the incidence of secondary disabilities associated with injuries of the head and 
spinal cord to no more than 16 and 2.6 per 100,000 people, respectively. (Baseline: 20 
per 100,000 for serious head injuries and 3.2 per 100,000 for spinal cord injuries in 1986) 

Increase use of occupant protection systems, such as safety belts, inflatable safety 
restraints, and child safety seats, to at least 85 percent of motor vehicle occupants. 
(Baseline: 42 percent in 1988) 

Increase use of helmets to at least 80 percent of motorcyclists and at least 50 percent of 
bicyclists. (Baseline: 60 percent of motorcyclists in 1988 and an estimated 8 percent of 
bicyclists in 1984) 

Extend to SO states laws requiring safety belt and motorcycle helmet use for all ages. 
(Baseline: 33 States and the District of Columbia in 1989 for automobiles; 22 States, the 
District of Columbia, and Puerto Rico for motorcycles) 

Increase to at least 30 the number of states that have design sta'ldards for signs, signals, 
markings, lighting, and other characteristics of the roadway environment to improve the 
visual stimuli and protect the safety of older drivers and pedestrians. 
(Baseline data available in 1992) 

Reduce deaths caused by alcohol-related motor vehicle crashes to no more than 8.5 per 
100,000 people. (Age-adjusted baseline: 9.8 per 100,000 in 1987) 

Reduce alcohol consumption by people aged 14 and older to an annual average of no 
more than 2 gallons of ethanol per person. 
(Baseline: 2.54 gallons of ethanol in 1987) 
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4.15 Extend to 50 states administrative driver's license suspension/revocation laws or 
programs of equal effectiveness for people determined to have been driving under the 
influence of intoxicants. (Baseline: 28 states and the District of Columbia in 1990) 

4.16 Increase to 50 the number of states that have enacted and enforce policies, beyond those 
in existence in 1989, to reduce access to alcoholic beverages by minors. 

4.17 Increase to at least 20 the number of states that have enacted statutes to restrict 
promotion of alcoholic beverages that is focused principally on young audiences. 
(Baseline data available in 1992) 

4.18 Extend to 50 states legal blood alcohol concentration tolerance levels of .04 percent for 
motor vehicle drivers aged 21 and older and .00 percent for those younger than age 21. 
(Baseline: 0 states in 1990) 
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Introduction and Overview 

The health impact of self-directed and interpersonal violence in the United States is 
staggering, and the need for action to address this problem has never been greater. This 
paper presents an agenda for reducing injuries and deaths due to interpersonal violence and 
suicidal behavior. 

Here we briefly review the dimensions of the health problem due to self-directed and 
interpersonal violence, discuss the complexity of the etiology of injuries due to violence, and 
review the potential for progress by applying public health perspectives and principles to 
the prevention of intentional injuries. Finally, we present the areas of emphasis that the 
panel chose for its prevention agenda and describe the ~tructure of the main body of this 
paper. 

Unfortunately, no entirely acceptable or accepted terminology exists for this class of injuries. 
Injuries from self-directed and interpersonal violence have been called "intentional injuries," 
to distinguish them from "unintentional injuries," such as drowning or injuries resulting from 
unintended motor vehicle crashes, falls, and the like. This term is problematic, however, 
because injuries can result from behavior that is unquestionably violent - such as shaking 
an infant who will not stop crying - but that is not based on any intent to cause injury, per 
se. On the other hand, the "shaken baby syndrome" clearly is not an "unintentional injury" 
in the same sense as injuries resulting from a motor vehicle crash. The terms "violent 
injuriesll and "injuries due to violence" have also been used, but for some people these terms 
connote all traumatic deaths (intentional or otherwise), whereas for others, the word 
"violencell connotes only interpersonal violence, not suicidal behavior. 

We will not resolve thi~15sue here. For our purposes, we use the terms "intentional injuries," 
"violent injuries," and "injuries due to violence" interchangeably to indicate injuries due to 
interpersonal violence and suicidal behavior. We use the term "violence" to refer to 
behaviors -both self-directed and interpersonal-that can result in suicide, homicide, and 
nonfatal intentional injuries. 

Dimensions of the Problem 

As a result of the daily barrage of news stories about homicide and suicide, most people are 
all too aware of the very high levels of violent injury and death in our society. The panel 
believes that the failure to comprehensively undertake intentional injury prevention has 
more to do with the absence of a clear agenda for action than with a failure to appreciate 
the magnitude of the problem. For these reasons, in this introduction, we only briefly review 
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the magnitude and patterns of violent injury. Specific information on the magnitude of 
particular types of violence is presented, where relevant, in the main body of this paper. A 
more in-depth presentation of other background data is found in Appendix A. 

Interpersonal Violence 

Interpersonal violence is a major public health problem in the United States. Homicide is 
the 12th leading cause of death in the United States, accounting for 22,032 deaths in 1988 
(1), and it is the 6th leading cause of premature mortality (i.e., years of potential life lost 
(YPLL) before age 65) (2). 

Interpersonal violence is a distinctive and disturbing aspect of American society. A recent 
comparison of the international rates of homicide among males 15 to 24 years of age in 21 
developed countries showed that the U.S. homicide rate is not only the highest among all 
industrialized countries, it is also 4.4 times higher than that of the next highest country 
(Scotland) and many times higher than the rates in other developed countries (3) 
(Figure 1). 

Child abuse and neglect is an important cause of morbidity among infants and young 
children. In 1986, an estimated 1.6 million children experienced some form of abuse and 
neglect, and an estimated 160,000 were seriously injured or impaired (4, 5). 

Blacks and other minorities are at particularly high risk of injury and death due to interper­
sonal violence. Black males are more than seven times more likely than white males to die 
from homicide. (6). Homicide rates are particularly high for young black men, among whom 
rates have sharply increased in recent years (Figure 2) (7). The rate of spouse homicide 
among black couples is 8.4 times higher than that among white couples (8). Although 
national reporting of homicide by ethnicity is incomplete, the homicide rate for Hispanics 
from five southwestern states for 1977 to 1982 was nearly three times that for non-Hispanic 
whites (9). A major factor that accounts for much of the excess rates of homicide among 
blacks and Hispanics appears to be the poverty that characterizes many black and Hispanic 
communities in the United States (10-13). 

Although males are at much higher overall risk of injury and death due to interpersonal 
violence than females, females are at much higher risk of nonfatal injuries due to rape, child 
sexual abuse, and assaults by intimate partners. Acts of physical aggression between spouses 
occur in one of six homes each year (14, 15). Of these incidents, more than one in three are 
severe assaults involving such acts as punching, kicking, hitting with an object, beating up, 
and assaults with a gun or a knife. About two-thirds of those reporting at least one incident 
of marital violence in national surveys also report that multiple incidents of such violence 
occurred in the year preceding the survey. 
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Suicide and Attempted Suicide 

Suicide is the eighth leading cause of death in the United States. About 20% of all deaths 
due to injury are suicides (16). In 1988, 30,407 persons committed suicide in the United 
States (1). The corresponding age-adjusted suicide rate in 1988 was 11.4/100,000, down 
from 11.7/100,000 in 1979 (1). However, since 1950, rates of suicide among young people 
(15 to 24 years of age) have virtually tripled, and suicide is now the third leading cause of 
death for this age group (1). Among the elderly, after several decades of declining rates of 
suicide, rates have been increasing since 1979. 

Suicide rates are higher for males than for females across all age groups (Figure 3). Suicide 
rates are generally higher for whites than for blacks, although the disparity between white 
and black rates is not nearly as pronounced for suicide as for homicide. In recent years, the 
relative differences between suicide rates for white and black males have narrowed some­
what because of increases in the rate among black males. Overall, American Indians have 
consistently higher suicide rates than the total U.S. population (17); certain tribes have 
particularly high rates (18). 

Suicide attempters have been studied to advance our understanding of completed suicide, 
but suicide attempts should also be viewed as a significant injury problem in their own right. 
The lifetime prevalence estimates for self-reported attempted suicide among adults vary 
from 1.1% to 4.2%; as many as 3 of every 1,000 adults surveyed report having attempted 
suicide in the preceding year (19). 

Multiple, Complex Causes of Violence: Implications for Prevention 

Most people will grant that the causes of violence and violent injuries probably differ across 
the various contexts in which violence occurs (e.g., wife beating, attempted suicide, physical 
fighting among acquaintances, and physical child abuse). Even within a single, seemingly 
homogeneous context, however, the causal mechanisms leading to injury are many and 
complex. 

For example, consider the case of a young man killed in a drive-by shooting in the context 
of gang violence. Calls for increased efforts to suppress gangs or to apprehend and punish 
those who commit such violence often follow such tragedies. Implicit in this reaction is the 
assumption that such tragedies occur because gangs are not being sufficiently suppressed 
or that current punishments are not sure enough or severe enough to deter suc? violence. 

Many other factors, however, are involved in the causal chain leading to that young man's 
being killed in that place in that way. In no particular order of importance, these other 
factors might include the following: ready access of the perpetrators to highly lethal 
weapons; the demand for crack or other addicting drugs among those living in that area; the 
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illicit trafficking in such drugs by gang members; the lack of alternative ways for gang 
members to develop self-esteem or a sense of belonging; the lack of opportunities for jobs 
that might build the self-esteem of vulnerable adolescents, help them resist the lure of drugs, 
or at least give them the means to move away from highly violent neighborhoods; a culture 
that glorifies violence as a means of attaining desired ends; childhood experiences among 
the perpetrators of the killing that contribute to the adoption of violence and aggression as 
an appropriate behavior pattern; and the dearth of useful information and guidance for 
community members about controlling gang violence. 

The complexity of the causes of violence and violent injuries has several important implica­
tions. First, it implies that no single, comprehensive solution will prevent all violence or even 
all incidents of a certain type of violence. In the example just cited, increasing police efforts 
to suppress gangs might contribute to the prevention of gang violence in the short term. But 
such efforts will not prevent all gang violence, as long as the other contributing causes that 
we mentioned are not addressed. Those who seek to identify the one "real" cause of a 
particular type of violence (in order to design the one, comprehensively effective preventive 
intervention) will inevitably be disappointed, since no single factor is a necessary component 
in the etiology of all injuries due to violence. 

This dilemma has an encouraging flip side: because the causes of violent injuries are 
complex and multifaceted, there are multiple points in the causal chain where preventive 
interventions could be applied. Having recognized that no single type of intervention is 
likely to be universally effective, we can turn our attention to a much more appropriate 
question: Which combination of the many potential interventions is likely to be most 
effective (as well as feasible) in preventing violent injuries? This question can be broken 
down into a series of more specific questions: Which points in the causal chain are 
particularly vulnerable to interruption? Which interventions are likely to contribute to the 
prevention of a large proportion of a given type of violent injury? Which are likely to be 
effective across different types of violent injuries? What sorts of interventions will result in 
immediate reductions in such injuries? In long-term reductions? Which of the potential 
interventions are feasible and most readily adopted? Finally, what are the costs of the 
various promising interventions, relative to their likely effectiveness? These are the ques­
tions we asked ourselves in preparing the recommendations in this paper. 

The risk of violent injuries, particularly from interpersonal violence, has been clearly 
associated with certain large-scale social problems such as poverty, racism, sexism, unem­
ployment, and a lack of educational opportunities. We join those who state that, in the 
long-term, progress toward reducing these social ills would result in substantial reductions 
in the burden of violent injuries in this society. For this reason, and many others, these social 
issues should be addressed. Given the many potential points of opportunity for preventing 
violence, however, coupled with the need for immediate action to reduce current levels of 
violent injuries and deaths, we need not - and should not - wait to take action until we 
have solved these large-scale social problems. We must address these social ills at the same 
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time that we take whatever immediate actions are possible to prevent further injuries and 
deaths due to violence. 

In this paper, we have largely focused on factors that are both clearly linked with the risk of 
injury and death due tc? violence and that are also apparently amenable to preventive efforts 
or public health action in the near term. We have made every effort to incorporate into our 
recommendations the recognition that certain populations (e.g., minorities or females 
beaten by husbands or intimate partners) are in particular need of prevention resources, 
and we believe that all of our recommendations (if adopted) will contribute to the prevention 
of injuries due to violence among these high-risk populations. Although poverty, racism, 
and other large-scale social problems are certainly important contributors to violence, we 
have not made recomrnendations for addressing these social ills in this paper. 

Potential for Progress Through the Public Health Approach 

Many people from several professional disciplines have worked for years to prevent suicide, 
homicide, and nonfatal injuries due to violence. Public health professionals have only 
recently joined this effort. Because suicide rates are vastly higher among persons with 
mental disorders than among the general population, mental health practitioners have 
worked for many years to prevent suicide by diagnosing depression, alcoholism, schizophre­
nia, and other mental disorders and by treating persons with these conditions. This clinical 
approach has been our society's main strategy for preventing suicide, and it continues to be 
a centrally important strategy. Similarly, criminologists and criminal justice professionals 
have long explored the possibilities of preventing homicide and other interpersonal assaults 
through such mechanisms as incarcerating and rehabilitating offenders and deterring future 
violence by increasing the perceived threat of punishment. As with the clinically oriented 
approach to suicide prevention, this criminal justice approach remains an important main­
stay of our society's efforts to prevent interpersonal violence. 

The most important new perspective that the field of public health brings to this issue is a 
focus, from the very outset, on the outcome of interest - in this case, reducing the morbidity 
and mortality due to violence - rather than on any particular method or discipline for 
achieving that outcome. This emphasis on measurable outcomes is reflected in the Year 
2000 Objectives (Appendix B). By focusing on the outcome of interest first, public health 
practitioners are free to consider preventive actions across whatever disciplines and do­
mains that might reasonably be expected to contribute to the effort. These disciplines would 
include, of course, mental health, criminology, and criminal justice. But we need not be 
constrained to working on]ywith the tools and methods of mental health and criminaljustice, 
if actions within other domains might help prevent injuries due to V:olence. 

Another important perspective that derives from the public health focus on health outcomes 
is an emphasis on action. The Year 2000 Objectives, for example, are meant to help state 
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and local health departments set priorities and direct their actions to reduce morbidity and 
mortality. The effectiveness of their prevention efforts is measured in terms of progress 
toward these health objectives; lack of progress should mean (at least, theoretically) that 
efforts would be amplified or modified, or, where appropriate, new action would be taken. 
Health departments, however, have been slow to take action in addressing health objectives 
related to the prevention of suicide, homicide, and nonfatal injuries due to violence. One 
important reason for this lack of action is that, despite clear health objectives, until now no 
agenda has been set to guide the actions of public health professionals. This paper is meant, 
in part, to address that deficiency. 

The relatively recent involvement of public health in the prevention of intentional injuries 
already appears to have yielded some tangible benefits. For example, the resurgence of 
interest in the prevention offirearm injuries is due, in part, to the greater visibility that public 
health officials have brought to the enormous health consequences of firearm injuries (20, 
21). State and local health departments are increasingly mobilizing to prevent injuries due 
to violence. And guidelines for preventing certain types of intentional injuries have been 
published (22) or will soon be published (23). These guidelines are based on current 
scientific evidence and real-world practical experience. 

Major Topics of Emphasis 

The panel was charged with developing an agenda for the prevention of all categories of 
intentional injuries. Rather than recommending steps to prevent specific types of inten­
tional injury (e.g., from wife abuse, suicide, child abuse, or acquaintance violence), we sought 
to develop a largely cross-cutting set of high-priority recommendations relevant to the 
prevention of both self-directed and interpersonal violence. 

We recognize that, in taking this broad, cross-cutting approach, we might have missed or 
underemphasized issues and opportunities for prevention that are specific to a particular 
type of intentional injury. Certainly, there are issues related to suicide prevention that are 
not relevant to the prevention of interpersonal injuries, and vice versa. We believed, 
however, that an integrated, comprehensive agenda for preventing intentional injuries was 
needed most at this stage in the development of the larger field of injury control. We also 
believed that such an agenda could serve as the foundation upon which other recommen­
dations specific to the prevention of particular injuries could be built. We hope that those 
interested in preventing certain types of intentional injury will adapt and expand upon our 
recommendations, as appropriate. 

We structured our recommendations around a major area of emphasis - the need for a 
coordinated approach and structure for planning and implementing a comprehensive 
violence prevention effort - and four special areas of emphasis: (a) injuries from firearm 
violence, (b) alcohol and other drug (AOD) use and violence, (c) early childhood 
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experiences that affect the risk of future violent behavior or victimization, and (d) treatable 
mental disorders associated with an increased risk of suicide. In the next chapter, we explain 
the importance of each of these emphasis areas to the prevention of intentional injuries, 
review where we are now with regard to each area, suggest general directions in which to 
proceed, and recommend specific steps that, cumulatively, create a concrete, prioritized 
agenda for preventing injuries due to self-directed or interpersonal violence. 
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An Agenda for Violence Prevention: Where We Are, Where 
We Want To Be, and How We Get There 

In this chapter, we present our recommendations for preventing suicide and homicide, as 
well as their nonfatal injurious counterparts, suicide attempts and injuries from assaults. We 
discuss each area of emphasis in three sections: first, we review current knowledge and 
programs and layout a rationale for the panel's selection of these emphasis areas ("Where 
We Are"); next, we discuss the general directions in which the Nation ought to proceed 
("Where We Want To Be"); and, finally, we make recommendations designed to decrease 
morbidity and mortality due to violence ("How We Get There"). 

An Infrastructure for Preventing Injuries and Deaths Due to Violence 

As noted previously, various disciplines have made, and continue to make, substantial 
contributions to the understanding of violent injuries and deaths. However, despite the 
enormous health toll due to self-directed and interpersonal violence in the United States, 
there has been - until recently - no discipline or body of professionals which has as itJ 
primary mission the reduction of injuries and deaths due to violence. Consequently, there 
exists no coordinated structure for planning and implementing a comprehensive violence 
prevention effort. Current violence prevention measures are a patchwork effort at best, 
with many important opportunities for prevention left unaddressed and no infrastructure 
through which to address these prevention gaps. 

A more comprehensive approach to and structure for violence prevention would be com­
posed of at least five essential components: 

• Targeting prevention resources toward those at high risk. Because resources for 
violence prevention are limited and the need among certain high-risk populations is 
dire, channelling prevention resources efficiently to those in greatest need is essen­
tial. 

• Surveillance. Public health surveillance of injuries due to self-directed or interper­
sonal violence is of central importance to health planning, risk-factor research, and 
program evaluation. Yet such surveillance is limited in some important respects and 
practically nonexistent in others. 

• Empowering communities. Preventing violent injuries ultimately depends on devel­
oping effective prevention programs at the community level. We need to make 
prevention resources, information, and experience available to communities in a way 
that empowers community leaders throughout the country to develop their own 
violence prevention programs. 
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• Training. Very few individuals have received training in all the various disciplines 
that relate to the prevention of injuries due to violence. If we are to address the 
prevention of violence more comprehensively, we must ensure that more people 
receive broader training. 

• Evaluation. Although we know something of the risk factors for violence, we know 
much less than we would like to know about how to prevent or reduce violence. 
Determining the effectiveness of new and existing violence prevention programs is 
critical to a more comprehensive violence prevention effort. 

Cumulatively, these five components constitute a general framework or infrastructure for 
carrying out a violence prevention agenda. The Healthy People 2000 Health Objectives 
(Appendix B, Objective 7.17) explicitly called for such a coordinated, comprehensive 
approach to violence prevention. This paper represents one step towards implementing 
that approach. 

Targeting Prevention Resources Toward Those at High Risk 

Where WeAre 

For many years, we have known that certain populations are at extraordinarily high risk of 
injury due to interpersonal or self-directed violence, but no mechanism is in place to ensure 
that existing violence prevention resources are targeted toward these high-risk populations. 
For example, it is well documented that blacks and Hispanics are at enormously higher risk 
of homicide than the majority white, non-Hispanic population (7, 9). American Indians in 
reservation states are also at high risk of death from both homicide and suicide (24). Yet, 
despite this disproportionate burden, there has been no systematic effort to target violence 
prevention resources toward minority communities. 

Similarly, we know that severe husband-to-wife violence (wife-beating) occurs at an annual 
rate of about 30 per 1,000 married couples (25) and that persons who are victims of physical 
abuse by their spouses or intimates are at very high risk of future victimization (26). We 
also know that the use of standardized protocols in certain hospitals increases the accurate 
identification of victims of wife abuse*(27), and a specific Year 2000 health objective 
encourages the use of such protocols (Appendix B, Objective 7.12). Yet, despite the known, 
repetitive nature of violence between spouses and intimates, little is being done to ensure 
(a) that medical caregivers identify victims and refer them to appropriate counseling or 
other services and (b) that interventions are used to prevent the victims from being further 
abused. 

* In this paper, "wife abuse" refers to physical abuse of women by their husbands, b"yfriends, or other intimates. 
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In the same vein, suicide attempters are at an enormously increased risk of eventual suicide. 
In one study with 10 years of follow-up, researchers estimated that 1 % to 2% of people who 
attempt suicide will actually commit suicide each year (28). The risk is especially high for 
people attempting suicide whose intent and method of attempted suicide most closely 
resemble those of people who commit suicide (29). Yet few hospitals make much effort to 
ensure that the suicide attempters they treat are properly identified and receive appropriate 
follow-up counseling or other treatment. 

Health departments have traditionally focused their scarce prevention resources on high­
risk populations. Examples include immunizing the elderly against influenza, tracing the 
contacts of persons with sexually transmitted diseases, and educating groups at high risk of 
acquired immunodeficiency syndrome (AIDS). Apart from publishing mortality statistics 
for homicide and suicide, however, health departments have been conspicuously inactive 
when it comes to the prevention of injuries and deaths due to violence. 

In short, it is feasible to identify high-risk people (such as suicide attempters and wife-abuse 
victims) and communities with high rates of interpersonal violence. Yet, no concerted effort 
has been made to focus existing resources or target new resources toward such high-risk 
individuals and communities. 

Where We Want To Be 

We need to develop new prevention and intervention programs for groups at high risk of violence. 
These programs must address the specific needs, characteristics, circumstances, and cultural 
sensitivities of these groups. 

Although various elements are necessary for a more comprehensive approach to violence 
prevention, the first step is to target existing prevention resources toward the individuals 
and populations at highest risk. When a person can be identified through an attribute that 
is known to increase the risk of violent injuries, resources can and should be specifically 
targeted to help that person. In many cases, however, we can only identify populations -
rather than particular individuals - that are at increased risk of violent injury. In these 
cases, prevention resources must be made available to the entire high-risk population, rather 
than to particular individuals. 

As noted, blacks and Hispanics in poor, urban settings are populations at extraordinarily 
high risk of homicide. Every effort must be made to channel homicide prevention programs 
and resources toward them, and to develop new, sustained prevention resources as needed. 
In particular, health departments in communities with high rates of interpersonal violence 
should devote new resources or reprogram existing resources to develop and maintain 
violence prevention programs. Close collaboration with community leaders, as well as with 
other interested agencies such as social services and law enforcement, is essential. 
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In developing programs to prevent injuries and deaths due to violence in high-risk commu­
nities, we must recognize that major reductions in the levels of violence are not likely to 
occur without addressing the problems of poverty, undereducation, chronic unemployment, 
unintended pregnancies, lack of personal options for change, poor physical and mental 
health, and lack of adequate social services. Ideally, violence prevention efforts should be 
combined with other efforts to improve the health and overall quality of life for people who 
suffer these problems. 

We must also recognize the need to develop violence prevention and intervention programs 
that are culturally appropriate and designed to address the needs, characteristics, and 
circumstances of high-risk groups. The Forum on Youth Violence in Minority Communi­
ties: Setting the Agenda for Prevention that was held in Atlanta, Georgia, on December 
10-12, 1990, provided a model approach. At this forum, 110 participants from public health, 
criminal justice, and social services, and from academia and minority communities across 
the country met to set an agenda for preventing youth violence in minority communities. 
The proceedings from that conference provide a framework for the thoughtful development 
of violence prevention efforts in minority communities with high rates of interpersonal 
violence (23). 

Examples of populations at particularly high risk for suicide include the very elderly (30), 
certain Native Alaskan and American Indian tribes (17), and recently incarcerated persons 
(31). Suicide prevention efforts for these populations must be improved. For example, 
outreach programs might be targeted at substance abusers or persons with depression or 
other mental disorders within these high-risk populations in order to increase their referrals 
to mental health resources. 

We need to improve the identification and referral of high-risk individuals to existing services and 
to develop new or expanded prevention or intervention services as necessary. 

If individuals at high risk of violence could be identified, violence prevention measures could 
be applied more efficiently. One important opportunity for identifying persons at high risk 
of violent injury is at the point of medical or surgical treatment of those who have already 
suffered such injuries. Clearly, we must do much more than wait until people are victimized 
before we intervene. Nevertheless, persons with injuries due to attempted suicide, wife 
abuse, child abuse, and other forms of violence are treated by the thousands each day in 
hospital emergency departments throughout the Nation, and we must make a concerted 
effort to go well beyond the medical or surgical treatment of these injuries. 

Caregivers must consistently seek to identify the circumstances surrounding the injury. To 
identify cases of intentional injury, the "index of suspicion" must be high enough that 
caregivers ask about the possibility of violence as a cause of the physical injuries they treat. 
Caregivers must also ensure that victims of violent injury are properly referred, so that 
victims get appropriate counseling or other services and are protected from the risk of future 
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violent injuries. Finally, in the case of interpersonal violence, caregivers should actively 
assist professionals in law enforcement, social work, child protective services, or other 
disciplines in their efforts to intervene with those who inflicted the injuries. 

We need to ensure that state and local health departments become more involved in preventing 
violence, especially in communities with high rates of violent injury. 

In recent years, a few state and local health departments have begun to explore ways to 
prevent violent injuries. They are considering such actions as conducting surveillance for 
certain intentional injuries, responding to apparent clusters of suicides, and collaborating 
with police departments to address gang violence. Such involvement in violence prevention 
by health departments remains, however, more the exception than the rule. 

This lack of involvement is unfortunate, because health departments are in a good position 
to help coordinate existing services for high-risk individuals and to use new or repro­
grammed resources to develop and target broader violence prevention efforts for high-risk 
groups. The field of injury control in general is becoming more widely accepted as being 
within the legitimate purview of health departments. Although the prevention of intentional 
injuries presents unique challenges, this aspect of injury control must not be left out of health 
departments' wider efforts to prevent injury morbidity and mortality. 

How We Get There 

Address the specific needs, characteristics, and circumstances of communities with high 
rates of violent injury by developing culturally appropriate violence prevention and inter­
vention programs for them. 

• Incorporate the recommendations for community-based violence prevention from 
the Forum on Youth Violence in Minority Communities: Setting the Agenda for 
Prevention (23). 

These recommendations include developing the following: (a) school-based 
programs, including conflict resolution training, comprehensive school health 
curricula, and school designs that minimize opportunities for violence; (b) 
community programs involving linkages among various service agencies, including 
media campaigns to publicize existing services and raise awareness, mentoring 
programs for both general and high-risk youths, and programs to create recreational 
and job opportunities for youths that will help them develop skills, self-esteem, and 
positive attitudes; ( c) programs specifically designed for high-risk youths, including 
violent youths, gang members (and youths at risk for becoming gang members), 
youths from families with problems related to violence, and victims, relatives of 
victims, and witnesses to violence. 
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(Because these recommendations are published elsewhere, this list is not 
comprehensive. We encourage you to review the fun1ist of recommendations in the 
published conference proceedings (23). We have incorporated other appropriate 
recommendations from the Forum in other sections of this paper.) 

As called for in the Healthy People 2000 Health Objectives 7.12 and 7.14 (Appendix B), 
improve the recognition, referral, and treatment of individuals at high risk for violence (e.g., 
suicidal persons, victims of violence or neglect, or people who have previously threatened 
to commit a violent act). 

• Initiate or expand training for primary caregivers to enhance their ability to identify 
high-risk individuals. Use standard protocols when possible. (See also "Training," 
page 184). 

• Involve a wide range of professionals (e.g., clergy, public health nurses, school nurses, 
teachers, and counselors) in identifying and referring people at high risk. 

o Increase clinic outreach services and referral systems for suicide attempters, to 
encourage attempters to receive appropriate, ongoing clinical treatment and to 
maximize their compliance with treatment regimens. 

• Develop or strengthen systems of mutual referral (e.g., between school and mental 
health systems). 

Expand and improve the coordination of existing services for high-risk individuals and 
develop, through new or reprogrammed resources, broader violence prevention efforts for 
high-risk groups. 

• Encourage all state and local health departments with populations at high risk of 
violent injury to devote some portion of their prevention efforts and resources to 
preventing and controlling injury due to violence. 

• Develop violence prevention guidelines for state and local health departments. 

• At the national level, expand the Secretary's Advisory Committee on Injury Control 
to include representatives from public health, criminal justice, education, mental 
health, and social service agencies. 

• Expand access to community services for victims of violence (e.g., shelters for 
battered women and mental health services for rape victims, suicide attempters, and 
child abuse victims). 

• Expand community mental health services and increase outreach programs in com­
munities with populations at high risk of suicide (e.g., certain American Indian 
reservations and communities with a large elderly population or with an apparent 
cluster of youth suicides). 
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Surveillance 

Where WeAre 

Health event surveillance is the cornerstone of the public health approach to preventing any 
health problem. Researchers, policy makers, and program managers need surveillance data 
to (a) assess the magnitude and impact of death and injury due to violence, (b) determine 
the type and quantity of resources needed to respond to the problem, and (c) develop 
baseline information for evaluating the effectiveness of violence prevention programs and 
policies (32). Unfortunately, current public health surveillance methods for homicide and 
suicide are limited in certain important respects, whereas surveillance for nonfatal injuries 
due to self-directed and interpersonal violence is practically nonexistent. 

National estimates of the number of fatalities due to homicide and suicide are collected by 
the National Center for Health Statistics (NCHS) and, for homicide only, by the Federal 
Bureau of Investigation (FBI). These data, however, have significant deficiencies. The 
NCHS data, which are based on information in death certificates, provide little information 
beyond the decendent's age, race, gender, and county of residence, and the county where 
the death occurred. Although racial classifications are commonly recorded, ethnic classifi­
cations are not consistently recorded, and socioeconomic status (SES) is not recorded at all. 
Beginning with 1989 death certificates, the educational level of the decedent is recorded. 

Some weapon information can be derived from the International Classification of Diseases 
(lCD) codes, but reliably distinguishing between long guns and handguns is not possible 
(33). Data on the circumstances surrounding the event, on the victim-offender relationship, 
and on the offenders' characteristics are not collected by NCHS, although they are readily 
available at the local level. The FBI's Supplementary Homicide Report (SHR) has been 
used to complement death certificate data, since the SHR data include information on the 
circumstances of the homicide, the victim-offender relationship, and the offender's charac­
teristics. Unfortunately, the SHR program suffers from systematic under-coverage (32), 
and some of the items do not meet minimum standards for valid measurements (34). 

Many factors work against the valid and reliable certification of suicide on death certificates. 
These factors include inadequate information on which to make a determination of suicide 
as the cause of death, variable training and backgrounds of death certifiers, and certifier 
bias or error (35, 36). 

National surveillance for nonfatal injuries due to interpersonal violence or attempted 
suicide is extremely limited. The newly implemented Youth Risk Behavior Surveillance 
System will provide minimal information about physical fighting, weapon carrying, and 
suicidal behavior among high school-aged adolescents. The National Crime Survey (NCS), 
a national household survey conducted by the Bureau of the Census for the Bureau of Justice 
Statistics, and the FBI's Uniform Crime Report (OCR) system provide estimates of the 
incidence of violent victimization (e,g., assaults, robberies, and rapes) and some information 
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about circumstances. Neither system provides detailed information on injuries, and both 
fail to cover significant aspects of violent injuries. The UCR covers only offenses known to 
the police. When FBI assault reports were compared with contemporaneous hospital 
records, nearly four times as many assaultive injuries were found documented in the hospital 
records (37). The NCS does not contain records of violence committed against persons who 
do not wish to report the incident to the interviewer. This is particularly a problem in the 
area of family violence, resulting in systematic underestimates of the prevalence of this 
problem (26). These various systems generally do not provide any local-level data, although 
such data might be of great use in evaluating preventive interventions. 

Where We Want To Be 

We need to modify existing surveillance tools so as to conduct intentional injury surveillance. 

We need to institute surveillance for nonfatal injuries due to self-directed and interpersonal 
violence wherever possible. Certain existing general injury surveillance systems and trauma 
registries might be adapted for this purpose. For example, the National Electronic Injury 
Surveillance System (NEISS) might be modified to allow for surveillance of nonfatal firearm 
injuries; the feasibility of such a modification is being explored. Surveillance of fatal firearm 
injuries might appear straightforward, given that such deaths are coded correctly on death 
certificates. Unfortunately, death certificates lack a great deal of information that might be 
relevant to prevention, including the make and caliber of the firearm used and whether the 
gun was recently acquired. The Fatal Accident Reporting System (F ARS), which provides 
extensive surveillance data related to fatal automobile crashes, might be a useful model. A 
system similar to FARS might be instituted in which all fatalities due to firearm injuries 
would be investigated and a data set of standard prevention-relevant elements compiled. 

Another system that might be profitably modified is the Behavioral Risk Factor Survey 
(BRFS). Such a survey could provide, for example, data about gun ownersbip and acquisi­
tion patterns, data that might be critical to the scientific evaluation of state or bcal violence 
prevention efforts to reduce ready access to guns. The BRFS also might be modified to help 
monitor fighting behavior, attempted suicide, weapon carrying, or a variety of other nonfatal 
behaviors that increase the risk of violent injury. Reductions in such behaviors are called 
for in the Year 2000 Objectives (Appendix B, Objectives 7.8, 7.9, and 7.10), and the BRFS 
might be of great use in monitoring progress toward those objectives. Plans are now in place 
for adding questions on such risk behaviors to the National Health Interview Survey in 1992, 
and possibly once more before the year 2000. BRFS data about behaviors associated with 
increased risk of intentional injury would be particularly useful at the local level, where the 
incidence of health outcomes (such as death or serious injury) is often too low to be of use 
in evaluations of intervention efficacy. In smaller communities with violence prevention 
programs, BRFS data could be of enormous value in measuring intermediate indicators of 
progress. 
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Many in the field of injury control have called for universal use of external cause-of-injury 
codes (E-codes) in all hospital discharge records. E-codes were included in the Interna­
tional Classifications of Diseases to provide information about the external cause of injury 
and death (e.g., suicide, unintentional drowning), as opposed to the more common coding 
methods that cover physiologic, injury-specific information (e.g, laceration, asphyxiation). 
After a thorough and systematic review of the Uniform Hospital Discharge Data Set, the 
Subcommittee on Ambulatory and Hospital Care Statistics of the National Committee on 
Vital and Health Care Statistics formally recommended that E-codes be included in hospital 
discharge data sets. The subcommittee recognized that collecting E-code data had several 
impediments, but concluded that none were insurmountable. 

Although E-codes have limitations with regard to intentional injuries, universal E-coding of 
hospital discharges would nevertheless provide an enormous amount of useful information 
at the local, as well as national, level. 

We need to develop surveillance methodsfor certain types of intentional injury 01' violent behavior. 
In addition, we need to address specific questions ofsurveillancefeasibility and to develop and test 
new surveillance methods. 

The idea of modifying existing surveillance tools is appealing, but new surveillance systems 
might also be set up for a single type of intentional injury, such as injury due to family and 
intimate violence or attempted suicide. Such a single-focus approach can never be as useful 
as comprehensive injury surveillance, but it has several advantages. The surveillance of 
intentional injuries is by no means straightforward; there are challenging difficulties, for 
example, in devising workable case definitions and identifying victims who do not wish to be 
identified. By developing injury-specific surveillance systems, we may be able to systemati­
cally address these challenges and to evaluate the sensitivity, specificity, and other attributes 
of these new surveillance methods (Birkhead and colleagues, unpublished observations). 
Some communities may also want to consider developing an injury-specific surveillance 
system if a particular type of intentional injury (e.g., injuries related to gang violence) is 
especially prevalent. 

How We Get There 

Establish universal E-coding of all hospital discharges, as called for in the detailed recom­
mendations of the National Committee on Vital and Health Care Statistics. 

Modify state behavioral risk factor surveys or establish new surveys to collect relevant 
information on behaviors and environmental hazards associated with an increased risk of 
injury due to interpersonal and self-directed violence. 
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Continue effoHs to determine the feasibility and utility of modifying the NEISS in order to 
collect information about firearm injuries from a representative sample of hospital emer­
gency departments. 

Explore the feasibility and utility of developing a FARS-like surveillance system for fatal 
firearm injuries. 

Explore potential modifications to death certificates, or to the death certification process, 
that would enhance the usefulness of national mortality data for the surveillance of suicide 
and homicide. 

Empowering Communities 

Where WeAre 

Information about the prevention of injuries due to violence is scattered and not readily 
accessible. In addition, information about existing local suicide- or homicide-prevention 
programs has generally been disseminated inadequately - often because the information 
is not known to exist or because it is not available outside the community in which the 
programs were developed. This information gap and the absence of the broader paradigms 
for preventing violence discussed in this paper have contributed to a sense among many 
people living in affected communities that little can be done to prevent violence. 

There are certainly examples of violence prevention efforts being developed by various 
concerned individuals and community groups. For example, in the face of increasing youth 
suicide rates during the last several decades, community leaders throughout the country 
have developed many innovative suicide prevention programs. Generally these programs 
were designed to increase referrals of high-risk persons to existing mental health services, 
to reduce known or suspected risk factors for youth suicide, or both. Similarly, in the face 
of high levels of gang violence, concerned members of several affected communities have 
developed programs to prevent and control gang violence. But as encouraging as such 
efforts are, much more needs to be done to facilitate similar efforts in communities across 
the country. 

At present, no sustained, long-term funding is available for the development and evaluation 
of violence prevention programs in high-risk American communities. Some research and 
demonstration projects have been funded, but this level of support is clearly insufficient, 
given the magnitude of the problem. 
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Where We Want To Be 

We need to provide information and guidance to community leaders about the development and 
evaluation of community-based violence prevention programs, as well as provide the necessary 
technical, financial, and other expertise to translate this information into culturally appropriate 
violence prevention programs. 

Real reductions in the national level of deaths and injuries due to violence will depend on 
the development of effective violence prevention programs at the community level. Ulti­
mately, all of our scientific research on the causes of violence and even the practical 
experience of community leaders who have developed local suicide, homicide, or other 
violence prevention programs are of little value if we do not widely disseminate this 
information and experience in a way that empowers communities throughout the country 
to develop and evaluate their own violence preVf;ntion programs. 

Thus, we need to review and collate what has bet'n learned from the experiences of others 
in violence prevention as well as our current scientific understanding of the causes of 
violence and violent injuries and the effectiveness of different violence prevention strategies. 
We need to effectively transmit this information to people in various levels of government 
and to those at the community level in amannerthatis readily understood and that facilitates 
action. We also need to ensure that community leaders are provided with the appropriate 
expertise in program development and violence prevention at the proper time. 

In addition to information and guidance about violence prevention, financial resources must 
be made available to communities so that they can develop prevention programs. Further, 
if we are to have any lasting impact on the burden of injuries and deaths from violence, these 
new financial resources must be provided as part of a sustained, long-term commitment to 
the community, rather than a short-term pilot project. Certainly, we will need short-term 
pilot studies in order to answer questions about the efficacy of unproven interventions, but 
our uncertainty about program efficacy must not be used as a blanket excuse for inaction. 

How We Get There 

Develop and disseminate guidelines for the prevention of violent injuries at the community 
level. 

• Publish guidelines (in progress at CDC) for preventing youth violence, based on 
recommendations from the Forum on Youth Violence in Minority Communities: 
Setting the Agenda for Prevention. 

• Publish similar guidelines (in progress at CDC) for preventing youth suicide, high­
lighting the rationale and potential benefits and pitfalls of current youth suicide 
prevention strategies. 

Develop new financial resources and other resources for initiating and sustaining long-term 
support of community-based violence prevention programs. 
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• Establish partnerships and coalitions among community groups interested in vio­
lence prevention; public health, mental health, social work, and criminal justice 
agencies; and private foundations. 

• Develop mechanisms for providing for sustained, long-term funding of violence 
prevention demonstration projects. 

Training 

Where WeAre 

Most primary health care providers have received little or no training in the proper 
identification and referral of victims of violence. Unlike persons sustaining other types of 
injury and disease, victims of violence often obscure the true circumstances surrounding 
their injuries when they seek treatment. Without deliberate probing as to the underlying 
causes of the physical injuries, many primary caregivers fail to elicit information about the 
violent circumstances leading to the injuries and, consequently, fail to refer victims appro­
priately. 

At present, few persons - either in health agencies or in high-risk communities - have 
both adequate experience and training to mount a comprehensive violence prevention 
program. This lack of trained personnel is the natural consequence of our current, frag­
mented approach to violence prevention. Unfortunately, it also represents one of the most 
formidable barriers to any contemplated broad-scale violence prevention effort. 

Given the scope of the problem of injuries - unintentional as well as intentional - in the 
United States, it may seem surprising that so few persons have been trained in the practice 
of general injury control. Several academic centers have now been established, partly to 
address this dearth of trained injury control specialists. Even within the field of injury 
control, however, very few persons are being trained to work with communities to develop, 
implement, and evaluate intentional injury prevention programs. 

Part of the explanation may be that much more work has been done in the prevention of 
unintentional injuries, particularly those related to motor vehicle crashes. Decades of work 
by W.H. Haddon and others have laid a solid groundwork for a public health approach to 
injury control (38). Unfortunately, some of the conceptual models that developed from this 
groundwork seem somewhat awkward and inappropriate when applied to the prevention 
of intentional injuries. Moreover, whereas enormous strides have been taken in preventing 
certain classes of unintentional injuries, very few violence preventive interventions have 
been demonstrated to be effective in reducing violent injuries and deaths. This apparently 
bleak situation may discourage professionals interested in injury control from specializing 
in the prevention of intentional injuries. 
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In addition, although women and minorities suffer substantially from interpersonal violence, 
they are underrepresented even among the relatively small cadre of persons currently 
working in the field of intentional injury control. 

Where We Want To Be 

We need to train physicians alld health-care providers ill the proper idelltijication, treatment, and 
refe"al of victims of self-directed or interpersollal violence. 

We Ileed to greatly expalld the number of people who are trained in the prevention of injuries and 
deaths due to violence. 

Ideally, those who will work to prevent injuries due to self-inflicted or interpersonal violence, 
or both, should know something about the risk factors for violence and the interventions 
that have been shown to be, or seem likely to be, effective; they should have some experience 
in community organization, as well as a sensitivity to the cultural milieu in which preventive 
interventions might be undertaken; and they should have some background in relevant 
aspects of public health practice, including epidemiology, surveillance, health education, 
and general injury control. Clearly, multidisciplinary training will be a necessary initial step 
in developing any coordinated effort to prevent injuries due to violence. 

We need to recruit more minorities and womell in this effort to prevent intelltional injuries. 

Given the substantial burden of intentional injuries borne by minorities and women, and in 
keeping with the need to develop cultumUy appropriate violence prevention programs that 
address the specific needs, characteristict:, and circumstances of affected communities and 
high-risk groups, we must redouble our efforts to recruit minorities and women into violence 
prevention research and program development. 

How We Get There 

Incorporate violence prevention training into the curriculum of all graduate public health 
programs, and make this training an explicit and required component of all injury control 
training programs. 

Develop and implement teaching modules (for schools of medicine, nursing, social work, 
and psychology and for continuing education) to help primary caregivers recognize and 
appropriately refer suicidal persons, victims of violence, and others at high risk of injury due 
to violence. 

Institute fellowship programs to attract new people to the field of intentional injury control. 
Make particular efforts to recruit minorities and females from all graduate schools of public 
health. 
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Initia te and expand the training of primary care providers to enhance their ability to identify 
high-risk individuals. Use standard protocols when possible. (See also "Targeting Preven­
tion Resources Toward Those at High Risk," page 174). 

Evaluation 

Where WeAre 

One of the most formidable barriers to preventing injuries due to violence is our distressing 
lack of knowledge about what interventions are effective in preventing self-directed and 
interpersonal violence. Even if we had an infrastructure through which we could conduct 
surveillance, target prevention resources toward high-risk populations, empower commu­
nities to develop their own violence prevention efforts, and train people in violence preven­
tion, our efforts would be wasted if the interventions we put in place were not effective. 

This is not to say that we cannot act on our current knowledge base; indeed, in this paper 
we layout an agenda for action that we believe is relatively well-grounded in scientific 
research and injury control experience. Past research on self-inflicted and interpersonal 
violence has identified high-risk groups and highlighted important risk factors that appear 
to be causally related to violent injuries. But we have had little opportunity to scientifically 
evaluate the effectiveness of the preventive interventions suggested by this research since 
( a) very few violence prevention programs have been implemented and (b) those that have 
been implemented have generally not been evaluated in terms of their impact on violent 
injuries (CDC Resource guide: Youth Suicide Prevention Programs, unpublished observa­
tion). The rigorous evaluation of new and existing violence prevention strategies is one of 
the most fundamental needs in this field. 

We should distinguish between two general types of evaluation: ongoing program monitor­
ing, or process evaluation, and rigorous scientific testing of the effectiveness of a given 
intervention. The former type should be a fundamental part of every public health program, 
including, of course, violence prevention programs. Such ongoing process evaluations 
include describing program activities and the relationship of those activities to program 
goals and objectives. The evaluation data collected should be sufficient to (a) identify and 
correct problems in the day-to-day progress of specific interventions; (b) inform members 
of the community, decision makers, and possible funding sources of progress; and (c) 
determine whether the program is operating the way it had been planned. 

Rigorous, scientific evaluation of the effectiveness of complex, multifaceted programs 
generally requires the infusion of extensive economic and technical resources. Conse­
quently, such evaluations are carried out only as necessary and not as a routine part of an 
ongoing program. Nevertheless, before we widely implement strategies that require exten­
sive financial resources, the strategies must be scientifically tested. At present, such precise, 
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scientific information about the effectiveness of various suggested strategies is largely 
unavailable. 

Where We Want To Be 

We need to rigorously test the effectiveness of promi..'1ing but unproven violence prevention 
strategies. 

We need to ensure that routine, practical measures for ongoing program monitoring or process 
evaluation are built into new and existing violence prevention programs. 

Given the marked disparity between the great magnitude of self-directed and interpersonal 
violence and the relative paucity of human and financial resources for prevention, we must 
make the most efficient use of the prevention resources that we do have. Careful scientific 
evaluation of promising violence prevention strategies and interventions is the best guide 
to determine whether the incidence of violent injuries and deaths is reduced by our efforts, 
and at what cost. 

Clearly, not every community intervention can or should be the subject of rigorous, univer­
sity-level evaluation research. On the other hand, it is probably never appropriate to expend 
resources over a long period on an intervention of unproven efficacy without making some 
ongoing provision, informal or othelWise, for determining (a) whether the intervention is 
reaching the targeted group, (b) whether it is well-received by its constituents, and (c) 
whether specific program goals and objectives are being met. This sort of ongoing program 
monitoring can be of great value in improving prevention programs, even if it does not 
definitively demonstrate whether injuries are ultimately reduced by the intervention. 

Although such program monitoring can be very useful, it is nevertheless inadequate to guide 
efforts in violence prevention. In the final analysis, the value of homicide prevention 
programs and suicide prevention programs must be measured in terms of how effectively 
they prevent homicide and suicide or nonfatal injuries associated with violence. If the 
impact of the interventions cannot be measured in terms of health outcomes, it must at least 
be measured in terms of concrete changes in behavior, such as reductions in the incidence 
of wife abuse, child abuse, attempted suicide, weapon carrying, or physical fighting. 

Violence prevention strategies now in use need to be formally, scientifically, and rigorously 
evaluated. Many of these programs were thoughtfully designed and implemented on the 
basis of defensible theories about human behavior or the purported causal mechanisms of 
violence. Such apparently promising programs might be much more widely implemented 
if we could back up their theoretical strengths with hard data showing a reduction in the 
incidence of violence or violent injuries. On the other hand, should careful research 
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demonstrate that certain programs are not effective or are relatively less effective (given 
their cost) than other programs, resources could be redirected. For these reasons, we need 
to identify and scientifically evaluate the efficacy of selected, promising violence prevention 
strategies. 

The potential for outcome evaluation should be built into new violence prevention efforts 
whenever possible, even if initial resources are insufficil~nt to permit a concurrent, full-scale 
scientific evaluation. This planning would greatly facilitate future evaluation studies, when 
and if such resources become available. 

How We Get There 

\Vhen possible, for each of the major categories of violent injury (e.g, suicide, wife abuse, 
youth violence, rape, child abuse), identify existing programs that employ promising violence 
prevention strategies and conduct rigorous scientific testing of the effectiveness of these 
strategies in reducing injuries and deaths due to violence. 

For unproven but promising strategies that have not yet been implemented or that have 
been implemented in a manner that precludes scientific evaluation, develop and rigorously 
test the efficacy of new prevention programs that are based on these strategies. 

Encourage (e.g., through funding mechanisms) all new and existing violence prevention 
programs to build routine program monitoring measures into their day-to-day activities and 
to collect data that would facilitate future outcome-based evaluation studies when possible. 

Special Areas of Emphasis 

Firearm Violence 

Where WeAre 

Firearm mortality dominates intentional injury statistics in the United States where 61 % of 
the homicides and 59% of the suicides are committed with firearms. Trends in overall rates 
of violent death are largely determined by firearm violence (defined here as violent acts 
involving the use of firearms). The burden of firearm violence falls most heavily on minority 
and disadvantaged populations. Forty-one percent of all deaths among black male adoles­
cents and young adults result from firearm injuries (39). Since 1984, homicide has increased 
dramatically among these young people, and 96% of the increase is attributable to firearm 
homicide (Figure 4) (7). The firearm suicide rate in this group more than doubled from 
1982 to 1987, whereas the nonfirearm suicide rate actually declined (39). 
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Homicide Rates Among Black Males 15-24 Years Old, 
by Weapon Used, 1978-1987 - - United States 
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Firearm mortality, principally firearm suicide, is growing among elderly males; a 50-year 
decline in suicide rates among those over 65 ended in 1982, and the rate is still increasing. 
Whether this trend can be causally linked increased access to firearms is unclear, however. 
Since the early 1970s, firearms have been the leading method for committing suicide among 
females. 

Today, firearm deaths rank fourth among all causes of premature death in the United States 
and first among deaths of black males. Most developed countries report near-negligible 
numbers of firearm deaths, and their rates of overall violence are far lower than ours. 

Deaths related to firearms are only part of the problem. In 1985, for every firearm death 
there were an estimated 7.5 nonfatal shootings (236,000 altogether), with 28% (65,000) of 
the injured persons requiring hospitalization (16). 

Handguns account for 78% of all violent firearm crimes - even though handguns still make 
up only about 25% of firearms in the United States and perhaps 40% of recent production. 
After significant declines in the early 1980s, handgun sales have rebounded; in 1988, about 
1,773,000 were produced in this country for sale on the domestic civilian market, and another 
664,000 were imported. Each year, some 639,000 Americans "face an offender armed with 
a handgun," according to the Department of Justice (40). In 1989, 76% of all firearm 
homicides were committed with handguns (41). Results of several local studies suggest that 
handguns are used in 60%-70% of firearm suicides (42-46); national data are not available. 

The economic impact of firearm injuries arising from interpersonal and self-inflicted 
violence is enormous. The lifetime cost of firearm deaths and injuries sustained in 1985 is 
estimated at $863 million for medical care alone and at $14.4 billion for direct and indirect 
costs combined (16). More than 80% of the medical care costs are paid for with public funds 
(47,48). 

Research Findings: 

Given the prominence of gun deaths in homicide and suicide mortality statistics, many have 
suggested that reducing ready access to these guns would reduce the number of deaths and 
injuries due to violence. Several lines of research (reviewed here) support this suggestion 
including research indicating that many homicides and suicides appear to be committed 
impulsively; that the methods used depend partly on the weapons immediately available; 
further, that assaults or suicide attempts with firearms are inherently more lethal than such 
actions with other methods or weapons. Empirical scientific research also suggests that 
decreasing ready access to firearms leads to fewer firearm deaths~ although perhaps at the 
cost of increasing nonfatal injuries. Within each of these research areas, important ques­
tions need further research. 
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Research relating to the role of impulsiveness in suicide and homicide. To be sure, certain 
homicides and suicides are committed with clear premeditation; however, most homicide 
victims are killed in the course of arguments, usually by people they know - often by spouses 
or other family members (9). IYIany of these homicides appear to be committed impulsively, 
in the heat of violent arguments. The importance of explosive anger and impulsiveness is 
widely accepted by those who have dealt with many cases of homicide in which victims are 
killed by relatives or friends. Although we have little direct evidence supporting these 
anecdotal experiences, it is inconceivable that homicide is never committed impulsively in 
the course of violent conflicts. The widely held perception that impulsiveness is an important 
element in a substantial number of homicides among family and intimates is probably 
correct. 

Impulsiveness appears to play an important role in youth suicides, too. Unlike adults, most 
young people do not suffer from concomitant clinical depression when they commit suicide 
(49). Many youth suicide victims can be classified as having a conduct disorder, an important 
element of which is impulsiveness. For most adult suicides, clinical depression is a very 
important risk factor, much more prominent than impulsiveness. This general statement 
may be less applicable for those attempting suicide with guns, however. In a study of 30 
consecutive patients treated in an urban trauma center for self-inflicted gunshot wounds -
most or all of which would have been fatal without emergency treatment - researchers 
found that more than half the patients reported having had suicidal ideation for less than 
24 hours, suggesting a relatively high degree of impulsivity (50). For practically all suicides, 
ambivalence appears to be a common characteristic, suggesting that the determination to 
commit suicide waxes and wanes over time. If this is true, and if lethal means are not readily 
available when a person decides to attempt suicide, he or she might either (a) delay the 
attempt, allowing for the possibility of later deciding against suicide, or (b) use a less lethal 
means, allowing for a greater possibility of medical rescue. 

The relative lethality of assault with firearms versus assault with other weapons or with no 
weapons. Assaults, robberies, suicide attempts, and other violent encounters result in death 
more frequently when a gun is used than when another weapon, or no weapon, is used. This 
fact has been established beyond any doubt, but the question of how to interpret this finding 
remains. Zimring and others (51) conr1ude that the direct effect of the lethality of firearms 
relative to other weapons accounts for the finding. Others (52) have suggested that the 
prominence of firearm deaths in violence mortality statistics may reflect not the relative 
lethality of guns, but rather the relatively more murderous or suicidal intent of the assailant 
or suicide victim. Trying to determine whether "lethality" or "intent" accounts for the 
predominance of firearms in mortality statistics may be fruitless, because both murderous 
or suicidal intent and the high lethality of weapons probably are important in the etiology 
of many thousands of firearm homicides and suicides that occur each year in this country. 
Although research on this issue is incomplete, Cook (20), having reviewed the available 
evidence relating to interpersonal violence, concluded that "there is persuasive evidence 
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that these differences in non-gun and gun fatality rates are, in large part, the direct 
consequence of the different lethality of the weapons, rather than simply a statistical artifact 
of some other causal process, such as differences in intent that influence both weapon choice 
and outcome." 

Research relating to the outcomes of "natural experiments" - gun laws designed to reduce 
ready access to guns. Research evaluating the effectiveness of certain types of gun control 
laws suggests that, when properly enforced, such laws may reduce the incidence of certain 
types of firearm suicide and homicide. Numerous jurisdictions have tried to regulate the 
number of guns available or to decrease the number of persons carrying guns in public. In 
several studies, researchers have suggested that laws designed to reduce public gun carrying 
actually do decrease the incidence of homicide (53,54). Recent research data suggest that 
mandatory sentencing laws (55-57) and restrictive licensing of handguns* have preventive 
effects on violence and violent injuries. 

Of fundamental importance to interpreting many studies oflaws designed to decrease access 
to guns is the fact that local gun regulation may have more effect on the sources from which 
these guns are obtained than on the actual level of ready access to guns. If availability is 
restricted locally, guns may be easily acquired in an adjacent jurisdiction that is less restrictive 
(20). In addition, few gun control laws are actually enforced (53, 54). It has been suggested 
that strict enforcement of already extant gun laws could also result in lower firearm injury 
rates. 

Research correlating mortality rates with gun availability. Studies relating gun availability 
with violent injuries are problematic because of the difficulty in assessing and defining 
"availability" of guns. Geographic differences in gun ownership have been clearly correlated 
with the fractions of homicides, suicides, and assaults committed with guns (20, 58, 59). Cook 
(60) found that although high rates of firearm ownership had little effect on overall robbery 
rates, they were strongly correlated with rates of murder committed during a robbery. 
Generally, international comparisons of violent death rates and gun density have yielded 
contradictory or equivocal findings. Sloan and colleagues (61, 62) compared two similar 
cities that differ primarily in their gun control policies - Seattle, Washington, where guns 
are easily obtained, and Vancouver, in the Canadian province of British Columbia, which 
has stringent restrictions on purchasing guns. The researchers found that, whereas overall 
assaults were similar, fatal assault rates were much higher in Seattle. 

The findings of Sloan and colleagues (61,62) were not as clear for suicide. Although firearm 
suicides were much more common in Seattle than in Vancouver, overall suicide rates were 
comparable (i.e., Vancouver had higher rates of nonfirearm suicides). This finding had one 
important exception: suicide rates among young people were excessive in Seattle (where 
most suicides were committed with firearms) compared with Vancouver. This finding is 
consistent with the apparently greater role of impulsiveness in suicides among young people. 

*See page 241. 
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The results of these two studies by Sloan and colleagues suggest that the generally greater 
level of ready access to guns in Seattle contributes to the city's higher overall homicide rate 
and the higher teenage suicide rate. Because of limitations inherent to study designs that 
compare apparently similar geographic areas, more research in this area is needed. 

Assessments of the relative risks and benefits of ready access to guns. Handguns are usually 
purchased for protection, yet several studies indicate that firearms kept in the home are far 
more likely to take the life of a household member than a criminal intruder (46). One study 
showed that access to firearms in the home is an independent risk factor for adolescent 
suicide (63). National Crime Survey (NCS) data indicate that each year about 80,000 people 
use a gun to defend themselves against assault, robbery, rape, or burglary; however, the data 
also reveal that guns are used to commit about 800,000 violent crimes each year (20). 

Research relating to injury control. Environmental modification is an extremely effective 
tool for preventing injuries, and for many injuries, it is demonstrably the most effective 
approach. The injury control literature emphasizes that the effectiveness of injury preven­
tion strategies will vary inversely with the effort required to keep people from being harmed 
and with the degree to which people must make changes in their behavior (64). Providing 
automatic protection through environmental and product design is therefore likely to be 
more effective than requiring behavioral change via laws or regulations, which, in turn, is 
likely to be more effective than educating persons at risk of injury and persuading them to 
change their behavior. On the basis of this reasoning, injury control professionals have 
deliberately concentrated their efforts on modifying or eliminating dangerous consumer 
products rather than on persuading people to use these products more safely. 

We have seen important advances in the prevention of many product-related injuries 
because of environmental interventions and product design changes (e.g., through the use 
of home smoke detectors, the redesign of automobiles, the use ot flame-retardant sleepwear 
for children and childproof containers for medications, and the lowering of temperature 
settings on water heaters). This environmental approach has been particularly effective 
when product-related injuries result from impulsive behavior or when users are impaired 
because of age, intoxication, or mental or physical illness. Environmental interventions have 
also been successful in preventing intentional injuries in the limited realms in which they 
have been tried (e.g., removing the means for suicide from newly incarcerated prisoners and 
"target-hardening" convenience stores). Guns certainly are a dangerous consumer product. 
Yet, with few exceptions, the wen-established injury control precept of modifying or elimi­
nating dangerous consumer products thus far has not been effectively applied to the 

revention of firearm violence. 

Programs and Policies: 

Several educational or behavioral interventions. in place potentially could reduce firearm 
injuries; such interventions include firearm safety courses, public information campaigns, 
counseling of potential perpetrators or victims of violence, classroom education, peer 
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education and mentoring, and crisis intervention (Education Development Center, back­
ground paper for Forum on Youth Violence in Minority Communities: Setting the Agenda 
for Prevention, unpublished observation, Dec. 1990). Such educational strategies are used 
because they are persuasive and not coercive, but we know little about their effectiveness. 

A second type of intervention involves making technological or environmental changes. 
Current product-based interventions to reduce firearm violence are, however, inadequate. 
For example, no mandatory design or performance standards exist for firearms manufac­
tured in this country for civilian use. Design features already feasible could result in guns 
whose triggers could not be pulled by young children and even guns that would instantly 
indicate when they were loaded. Since passage of the Gun Control Act of 1968, imported 
firearms must meet a series of "factoring criteria" used to ensure minimal quality. But 
domestic firearms are exempt, and one researcher has estimated that more than half the 
firearms manufactured for Americans by American firms would fail these tests of quality 
(65). 

Moreover, whereas the United States requires that imported guns be "particularly suitable 
for sporting use," no such standard applies to domestic firearms. In the wake of the Bush 
administration's 1989 decision to prohibit only the importation of paramilitary assault 
weapons, at least one U.S. company has been established specifically to produce these 
weapons for domestic sale. 

In addition to behavioral/educational and technological/environmental strategies to reduce 
firearm injuries, legislative or regulatory interventions are also an option. Regulations can 
apply to the use, possession, and sale or transfer of guns. We have already discussed some 
research related to gun control legislation, but we also need to mention other regulatory 
strategies, some of which originated decades ago. 

In 1919, a 10% excise tax was levied on the purchase of firearms, partly out of concern that 
handguns posed a public safety problem (66); authority to regulate firearms has been vested 
in the Department ofthe Treasury ever since. The National Firearms Act of 1934 effectively 
applied excise taxation to limit the availability of automatic weapons. 

No agency with a mandate to safeguard the public health has jurisdiction over firearms. 
Within the Department of the Treasury, the Bureau of Alcohol, Tobacco, and Firearms 
regulates firearms today. The resources allocated to this agency have never been sufficient 
for it to accomplish this complicated mission. As a result, many violations of federal limits 
on commerce in firearms go unpunished. The agency's ability to trace firearms used in 
crime, an important service for state and local law enforcement, is hampered by a lack of 
resources and the lack of a central registry of firearm transactions. 

Researchers who reviewed state systems for screening handgun purchasers (67) suggest that 
existing state systems are ineffective because of weak federal regulation of licensed dealers 
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and manufacturers, incomplete state criminal history files, and the difficulty of regulating 
used handgun transactions. The hoped-for effect of local restrictions on the purchase and 
ownership of handguns in reducing firearm violence has been undermined by substantial 
illegal commerce that introduces handguns purchased in less restrictive jurisdictions (68). 
Community efforts to establish home rule in this area may not succeed without effective 
federal regulation. 

Support for more vigorous regulation of handguns and their ownership is widespread. For 
example, most firearm owners (and most members of the National Rifle Association) favor 
the registration of all handguns and of all newly purchased firearms, regardless of type (69). 

Although, traditionally, regulatory authority has been vested in the Department of the 
Treasury, experience in the United States during the last few decades has established that 
control of firearm violence is more effective through criminal law enforcement than through 
taxation (70). During the Reagan administration, an Attorney General's task force recom­
mended a possible transfer of authority over firearms to the Department of Justice (70). 
Recent legislative initiatives have relied on the Department of Justice for enactment. For 
example, as mandated by the Anti-Drug Abuse Act of 1988 (71), the department is 
considering developing a national system to identify felons who attempt to purchase 
firearms. Similar state systems, especially when coupled with mandatory waiting periods for 
all gun purchases, have prevented felons and other proscribed persons from purchasing 
firearms and may have prevented suicides as well. 

Where We Want To Be 

Because of the predominance of firearm deaths in the vital statistics, the importance of 
impulsive behavior in suicide and interpersonal violence, the high lethality of firearm 
violence, the preHwinary research linking homicide and suicide to ready access to guns, and 
the demonstrated effectiveness of environmental interventions in general, we believe that 
the strategies most likely to produce immediate benefit are those related to reducing firearm 
violence. 

Our focus on reducing firearm injuries is consistent with the Healthy People 2000 Health 
Objectives for the Nation. That document's emphasis on weapon-related injuries under­
lines a growing conviction that reducing ready access to guns will reduce injuries and death 
due to violent and abusive behavior. Specific Year 2000 Objectives focus on reducing 
weapon-related violent death, reducing weapon-carrying by young people, and reducing 
ready access to handguns and other firearms (Appendix B, Objectives 7.3, 7.10, 7.11). The 
report notes that "the impulsive nature of many homicides and suicides suggests that a 
substantial portion of those events might be prevented if immediate access to lethal weapons 
was reduced, in particular through appropriate storage of guns and ammunition" (31). In 
explaining the need to reduce weapon-carrying by adolescents 14 to 17 years of age, the 
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report also notes that "although the question of restricting firearm ownership and usage is 
contentious in American society, few argue that adolescents should have unsupervised 
access to firearms or other lethal weapons. Fewer still argue that adolescents should be 
permitted to carry loaded firearms or other lethal weapons at school or on city streets" (31). 

Our recommendations also echo recommendations made in 1985 at the Surgeon General's 
Workshop on Violence and Public Health (72). That workshop brought together people 
with a wide range of training, skills, and experiences to develop recommendations for 
preventing interpersonal violence. Their policy recommendations included a complete and 
universal ban on the manufacture, importation, sale, and possession of handguns to all 
persons except for authorized police and military personnel; regulation of the manufacture, 
distribution, and sale of other lethal weapons; and criminal penalties for possession of any 
weapon where alcohol is sold or served (72). 

As is true for other areas of injury control, there is no single, easy, widely accepted solution 
to reducing firearm injuries due to violence. A combination of many different approaches 
will be essential for effectively preventing firearm injuries and deaths. In addition to 
critically needed research and surveillance efforts, we strongly advocate minimizing ready 
access to handguns and other firearms through a varbty of strategies focused on four broad 
areas: educational and behavioral change interventions, technological and environmental 
interventions, improved enforcement of current laws, and new legislative and regulatory 
efforts. 

How We Get There 

We developed the following recommendations to provide leaders at the community, state, 
and federal levels with concrete steps by which to minimize ready access to handguns and 
other firearms, thereby decreasing the number of homicides, suicides, and intentionally 
inflicted nonfatal injuries. We should note that reducing ready access to handguns and other 
firearms is also likely to decrease the rate of unintentional firearm injuries and deaths. 
(Other recommendations to reduce unintentional firearm injuries and deaths are made in 
the Home and Leisure Panel's position paper. We concur with the recommendations made 
there and refer readers to that panel's full position paper.) The great variety of these 
recommended approaches provides needed flexibility to community and other leaders in 
choosing actions that seem most compelling or that appear to be most appropriate, 
given the cultural and political environment in which the actions will be taken. 
Recognizing the importance of improving our understanding of the relationship 
between access to guns and the risk of intentional injury, we also developed a series 
of recommendations for research in this area. 
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Recommendations: 

Minimize ready access to handguns and other firearms. 

• Promote educational and behavioral modification efforts. 

- Encourage voluntary removal of handguns from households by educating the public 
about the risks of guns outweighing their benefits in providing household security. 

- Promote secure storage of firearms that remain in the home, to reduce or eliminate 
a person's ability to rapidly retrieve and fire them. 

- Promote the storage of weapons so that children and adolescent.s do not have 
unsupervised access to guns. 

- Develop, implement, and evaluate school- and peer-based programs to limit 
children's access to and use of handguns. 

• Promote technological and environmental efforts. 

- Assist the domestic firearms industIy and others in developing less lethal, yet 
effective, means of providing security against assailants and intruders. 

- Develop, implement, and evaluate pilot programs that employ metal detection or 
other technologies to prevent firearms from being carried into high-risk settings (e.g., 
bars, discos, rock concerts, and schools where firearm violence has occurred). 

- Strengthen the current "factoring criteria," by requiring that firearms be designed 
primarily for sporting purposes. Apply these criteria to domestic and imported 
firearms. 

- Promote design and performance standards to minimize the risk of firearm injuries. 
Examples include trigger arresters and loaded-chamber indicators. 

• Enhance enforcement of existing legislative and regulatory efforts. 

- Transfer regulatory oversight and law enforcement responsibilities for firearms to 
an agency with a primary mandate to protect the health of the public; provide this 
agency with broad authority to regulate the design and manufacture of firearms and 
ammunition. 

- Increase resources committed to the investigation and prosecution of illegal traffic 
in firearms. 

- Promote the vigorous enforcement of extant laws prohibiting the carrying of 
handguns in public, through means that include innovative alternative sentencing 
measures for those convicted (e.g., sentencing to a county work force), as well as 
stricter general enforcement of current laws. 

- Establish a national registration system for all handguns, with the registration data 
available only for use in criminal investigations. Make the possession of unregistered 
handguns a criminal offense. 

Establish a central registry of all handgun purchases, again with the collected data 
available only for use in criminal investigations. 
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• Initiate new legislative and regulatory efforts. 

- Prohibit the manufacture, importation, and sale of handguns except in special 
circumstances. 

- Establish a national waiting period for all purchases of firearms, coupled with a 
mandatory criminal record background check. 

- Establish nationwide restrictive licensing of handgun owners whereby a handgun 
license would be granted only when a clear, legitimate need for possessing a handgun 
is demonstrated (e.g., for professional use). 

- Enact an excise tax on firearms and ammunition at a rate sufficient to cover the public 
cost of firearm injuries. 

Improve our knowledge of firearm injuries and the role of ready access to firearms in firearm 
injuries. 

• Improve the quality of surveillance data for firearm injuries, for both morbidity and 
mortality. Include details (manufacturer, caliber, type) of the firearms involved in 
violence. 

• Improve the assessment of risks, medical and social costs, and benefits of ready access 
to firearms. 

• Rigorously evaluate policy initiatives, including gun control laws and regulations. 

• Explore and evaluate alternatives to firearms for home and personal security. 

• Promote collaboration among the criminal justice, public health, and medical research 
sectors, particularly in policy evaluation. 

Alcohol and Other Drug Use and Violence 

Where We Are 

In many cases of both suicide and interpersonal violence, the use of alcohol and other drugs 
(AODs) appears to be a critically important risk factor. The use of AODs contributes to 
self-directed and interpersonal violence in a variety of different ways, although the precise 
mechanisms by which the use of AODs increases the risk of violence have not been 
exhaustively established. Clearly, however, AOD use plays a prominent role in the causal 
pathways of many types of violent behaviors, suggesting that interventions addressing the 
use of AODs have great potential for reducing the incidence of such behaviors. 

Research Findings: 

AODs and interpersonal violence. Alcohol consumption is associated with an increased risk 
both of being a victim of violence and of committing violent acts. For example, Wolfgang 
(73) showed that alcohol consumption was disproportionately present. among both victims 
and perpetrators of homicide. Haberman and Baden (74) found blood or brain alcohol 
concentrations in excess of .10% in 43% of homicide victims over 18 years of age. In a review 
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of controlled studies, Hotaling and Sugarman (75) found consistent evidence of a direct 
'~ssociation between alcohol consumption and both child abuse and husband-to-wife vio­
lence. Ladouceur and Temple (76) showed that acute ingestion of alcohol is associated with 
sexual assault. Furthermore, alcohol is often used as an excuse for violence in many settings 
such as bars, sporting events, and social gatherings of adolescents (77). 

The association between alcohol and violence is well documented because of the common 
use of blood alcohol tests on homicide victims; however, far less is known about the 
association between interpersonal violence and the use of narcotics, marijuana, and other 
controlled substances. Government officials and the media have attributed high rates of 
certain types of interpersonal violence in many American cities to high levels of illicit drug 
use (and commensurately high levels of drug trafficking). Recent increases in reports of 
child abuse and neglect in some urban settings are correlated with increased birth rates for 
infants of cocaine-addicted mothers. The correlation raises the concern that such infants 
may be at increased risk of child neglect or abuse. In this area, however, the evidence is not 
sufficient for the effects of poverty to be separated from the effects of drug abuse. 

AOD use and suicide. After clinical depression, alcoholism is the most commonly reported 
mental disorder associated with suicide (78, 79), and a strong association between alcohol­
ism and suicide has been established (80,81). Chronic alcoholism places individuals at a 60 
to 120 times higher risk of suicide than persons in the general population, according to a 
recent review of published follow-up studies of alcoholics (82). From 2% to 3.4% of 
alcoholics ultimately commit suicide; one-quarter of all suicide victims are reportedly 
alcoholics (82). Seriously affected alcoholics are at highest risk, with a peak rate for suicide 
occurring among alcoholics 40 to 49 years old. Comorbidity, or the occurrence of a mental 
disorder with substance abuse, is a particularly salient interaction. In three studies of suicide 
attempters (83-85), researchers identified alcohol abuse as the most important factor in 
eventual suicide. Alcohol has been shown to playa particularly prominent role in the 
suicides of Alaska Natives (86) and of American Indian adolescents in tribes with high 
suicide rates (87). 

The use of AODs has been identified as a significant risk factor in suicide and attempted 
suicide during adolescence (88). In comparing adolescent substance abusers at drug abuse 
treatment facilities with a matched group of pediatric outpatients who did not use drugs, 
investigators found that substance abusers were three times as likely to have attempted 
suicide. Adolescent substance abusers who had attempted suicide were more likely to have 
depressed affect and to have parents who had severe problems, including depression and 
alcoholism, than did drug users who did not attempt suicide. 

Most investigators who have examined the association between alcohol use and suicide have 
focused on alcoholism per se. Relatively few have assessed the effects that alcohol intoxi­
cation may have on the risk of suicide. This question is particularly germane for teenagers 
and young adults, among whom the prevalence of intermittent alcohol ingestion and abuse 
can be quite high. Haberman and Baden (74) found blood or brain alcohol concentrations 

Prevention of Violence-An Agenda for Violence Prevention 
199 



in excess of .10% in 26% of suicide victims over 18 years of age. Alcohol use is also commonly 
associated with suicide attempts (89). Such findings suggest the importance of acute alcohol 
ingestion in suicide, but they generally provide no data on the prevalence of acute alcohol 
use among appropriate control groups. 

Possible mechanisms underlying the association between AODs and violence. In this 
section, we will describe several mechanisms that might explain how AOD use increases the 
risk of violent behavior, victimization, or both. We review evidence that AOD use may 
increase the risk of self-directed and interpersonal violence because of direct and indirect 
psychopharmacologic effects. We identify two additional ways in which illicit drug use may 
be associated with increased risk of violent injury, both of which are related to the fact that 
whereas alcohol is relatively inexpensive and widely available in our society, illicit drugs are 
not. 

Pharmacologic effects of AOD use. The effects of AODs on violence may be mediated 
through proximal psychopharmacological effects on affective states or psychological states 
associated with violent behavior. In the case of alcohol, the association with interpersonal 
violence has been attributed to alcohol's power to change cognition and perception of social 
cues and to create emotional states that are antecedents to violence (e.g., paranoia). 
Alcohol use may be associated with persons violently acting out aggressive feelings that 
might otherwise be controlled. Alcohol use may also be confounded with aggressive and 
violent life-styles, however. Abuse of barbiturates, whether obtained illegally or by prescrip­
tion, is strongly associated with aggression (Collins, unpublished paper, 1982). Depending 
on the circumstances of its use and the personality of its user, phencyclidine (PCP) can cause 
extremely violent behavior (90). Other drugs, such as amphetamines and cocaine hydro­
chloride, may also induce changes in affective or cognitive states that contribute to violence. 
Acute alcohol use may facilitate suicidal acts by reducing instinctive inhibitions against 
self-harm or by inducing changes in cognition or affective states that are associated with 
suicide. Additional research is needed to clarify the direct pharmacologic relationship of 
the use of AODs to suicide and interpersonal violence. 

In other cases, the effects of AOD use on violence may be the result of more distal influences 
on affective or psychological states (88). Depression, paranoia, irritability, and cognitive 
impairments sometimes follow the long-term ingestion of alcohol and other intoxicants. In 
addition, withdrawal from chronic opiate use is associated with irritability, paranoia, hostil­
ity, and other affective symptoms. These affective and cognitive states can lower the 
threshold for both self-directed and interpersonal violent behavior. 

Systemic violence associated with AOD use. In addition to their potential for contributing 
directly to violent behavior through their psychological and physiological effects, drugs play 
important and well-documented indirect roles in interpersonal violence (38). Participation 
in the sale and trafficking of illicit substances presents heightened risk for both committing 
violence and being a victim of violence - so-called "systemic violence." Selling illicit 
substances is an intrinsically violent affair, since it is not regulated by law or traditional forms 
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("I( enterprise. Goldstein and colleagues (91) found that drug transactions were the context 
for most drug-related homicides in New York City in 1988. The risk of being a victim of 
violence is four times greater for drug sellers than for nonsellers. Pagan and Chin (92) found 
that drug sellers are frequently robbed of their drugs or the cash they carry. Sellers often 
resort to violence to control their selling territory, to maintain organizational discipline 
within selling enterprises, and to punish persons who have committed crimes against them 
or members of their selling groups. 

Economic compulsive violence and AOD use. Persons addicted to narcotics or other drugs 
must supply their habit, which often requires substantial amounts of money. This leads to 
the third avenue by which the use of AODs can increase the risk of interpersonal violence: 
"economic compulsive violence," or the need to commit violent acts such as robbery to obtain 
money to purchase drugs. This behavioral pattern closely matches that of heroin addicts. 
Research with opiate users consistently shows that their participation in violence and other 
crimes is far greater during periods of addiction (93). 

Programs and Policies: 

At present, this country's major policies for discouraging alcohol use are the prohibition of 
alcohol sales to minors and the arrest and punishment of people who commit crimes 
secondary to alcohol abuse (e.g., drunken drivers who cause automobile collisions). In the 
case of illicit drugs, most of our resources have been directed toward arresting and impris­
oning users and traffickers of illicit drugs. So far, relatively few resources have been devoted 
to the primary prevention of drug addiction or the effective treatment of drug users. Most 
American cities have only a tiny fraction of the resources needed to treat the many persons 
addicted to alcohol or illicit drugs. 

Where We Want To Be 

Given the strong association of the use of A.ODs with violent injuries, we may be able to 
prevent injuries due to violence by (a) decreasing the chronic use of AODs in the general 
population, particularly among people at high risk of violent behavior; and (b) changing the 
environment associated with AOD use so that it no longer contributes to the risk of violent 
injury. 

To reduce the use of AODs among the general population, we need to do a much better job 
of delaying the onset of first-time AOD use. We can also reduce the general use of AODs 
by properly identifying and appropriately treating people who are addicted to AODs and 
those who show early signs of a drug use problem. We should recognize that not all 
treatments work for all people and that, to maximize the effectiveness of treatment, we need 
to match clients with appropriate treatment programs on the basis of culture, race, gender, 
and other factors. 
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In our more targeted efforts, we need to focus resources for the treatment and prevention 
of AOD use on populations known to be at high risk of violent injury. We can implement 
this approach most easily on a geographic or demographic basis, but occasionally we also 
may be able to identify and treat high-risk persons, such as alcoholics with concomitant 
depression or alcoholics and other drug addicts with a history of violent behavior. 

Finally, because a substantial proportion of drug users engage in systemic violence (94), we 
should consider reducing the incidence of violent injuries associated with illicit drug use by 
developing feasible alternatives to the current system oflegal regulation of illicit substances. 

We need to conduct more research in order to answer the many questions that remain about 
the mechanisms underlying the association between the use of AODs and violence. 

How We Get There 

Recommendations: 

Decrease chronic use of AODs by persons at high risk of violent behavior by ensuring that 
such persons are properly identified and provided with adequate treatment for their drug 
use disorders. 

• Rigorously evaluate successful treatment and maintenance programs to identify effec­
tive characteristics and treatment regimens. 

• Develop protocols for referring AOD users to appropriate treatment programs. 

- Include criteria for matching individuals with appropriate treatment programs. 

- Coordinate efforts of criminal justice, mental health, and drug treatment agencies 
whenever possible. 

• Eliminate administrative barriers to entering and completing treatment programs, 
including insurance limitations for users, liability risks for treatment providers, lack of 
access to child care and obstetric care, and premature termination of maintenance 
programs. 

Prevent or at least delay the initiation of AOD use, especially among people otherwise at 
high risk of interpersonal or self-directed violence. 

• Develop and implement culturally appropriate and regionally specific programs to 
prevent and delay the initiation of AOD use; to accelerate the process of desistance; and 
to minimize health risks from AOD use. Rigorously evaluate the effectiveness of these 
programs. 

• Target prevention and early intervention efforts at populations at high risk of AOD use, 
at users with concurrent mental disorders, and at people with histories of violent 
behavior, mental disorders, or both. 
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Reduce the risk of violence associated with AOD use through environmental and regulatory 
controls on access to AODs. 

• Design, implement, and evaluate interventions to control access to AODs through retail 
alcohol and prescription drug sales. 

• Study the efficacy of regulating AOD use to reduce fatalities associated with illicit 
distribution of controlled substances. Explore feasible alternatives to the legal regula­
tion of illicit substances associated with violence, such as cocaine and heroin. 

Study the relationship between AOD use and violence. 

• Explore the mechanisms underlying the observed associations among AOD use, mental 
disorders, and self-directed and interpersonal violence. 

• Determine whether treatment of alcoholics and other drug-addicted persons reduces 
the incidence of self-directed violence, interpersonal violence, or both. 

Early Childhood Experiences Affecting Future Risk of Violence 

Where WeAre 

Nearly three decades have passed since "the battered child syndrome" was first brought to 
public attention (95), but infants and young children continue to suffer substantially from 
assault and homicide at the hands of their caretakers. Moreover, between 1,000 and 5,000 
children may be killed each year by their parents (4, 5). In 1986, an es~imated 160,000 
children were seriously injured or impaired by abuse and neglect (e.g., loss of consciousness, 
cessation of breathing, broken bones, schooling loss requiring special education services, 
third-degree burns), and an additional 953,000 children suffered moderate injuries or 
impairments (e.g., bruises, depression, or emotional distress not requiring professional 
treatment) (4). That same year an estimated 155,900 children, both male and female, were 
sexually abused (4). 

It is during the second decade of a child's life that the rates of injuries and deaths due to 
both serious self-directed and interpersonal violence increase most dramatically (Figures 2 
and 3). Among older children and very young teens, the rates of both homicide and suicide 
are generally very low. The rates of serious self-directed and interpersonal violence increase 
so steeply during the second decade of life, however, that by age 19, the suicide rate has 
risen to almost 70% of its maximum lifetime level, and the homicide rate has risen fifteenfold 
(96). These sharp increases in the rates of suicide and homicide during the teenage years 
are greater than at any other stage of life. Not only do rates increase most dramatically 
during the adolescent years relative to other life stages, but absolute rates of both homicide 
and suicide among adolescents have increased markedly over time. In view of these facts, 
many researchers have focused on factors that might increase adolescents' risk of violent 
behavior, violent injury, or both, and many violence prevention professionals are targeting 
their efforts toward adolescents. 
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Intervening to prevent violent injuries among adolescents seems like a logical response; 
however, this approach can be effective only for risk factors that have short induction 
periods. In other words, if risk factors for suicide and homicide heighten a person's risk in 
the minutes, days, weeks, or even months after exposure to these factors, then we can reduce 
that person's risk of suicide and homicide during the adolescent and young adult years by 
reducing the prevalence of such exposure during adolescence and young adulthood. In fact, 
certain risk factors for violence do have relatively short induction periods; ready access to 
handguns is one such risk factor that we have emphasized here. 

Increasing evidence, however, suggests that experiences during early childhood can have 
lifelong effects on the risk of being a victim of interpersonal violence, committing interper­
sonal violence, and committing suicide. Specifically, being a victim of child abuse, witnessing 
violence in the home, and viewing high levels of television violence all have been associated 
with increased risk of violence many years later. In addition, research on child development 
suggests possible mechanisms by which such early childhood experiences can increase the 
risk of later violence. Limited research also suggests that interventions with very young 
children designed to deter aggressive behavior patterns and encourage prosocial behavior 
may have long-term effects on decreasing violence. 

Research Findings: 

Early childhood experiences and violence. An increasing body of evidence suggests that the 
childhood experiences of being abused or witnessing violence increases a person's risk of 
being involved in violence later. Adults who, as children, witnessed violence in their family 
of origin have been found to be at increased risk both of physically abusing their spouses or 
intimates and of being the victim of such abuse (75, 97, 98). 

The notion that "violence breeds violence" was first suggested nearly 30 years ago (99). 
Growing evidence indicates that the childhood experience of being abused by an adult 
increases the risk of perpetrating violent behavior toward others both immediately after­
wards and later in life (100-103). 

Each year public agencies identify many physically abused children, but· these children 
represent only a small portion of all children who are physicaJ:j harmed. Interviews from a 
nationally representative sample of families show that in 1985, 23 per 1,000 - a minimum 
of 1.5 million - American children were physically abused by their parents (including those 
kicked, bit, hit with a fist, beat up, burned or scalded, and threatened with or injured by a 
gun or knife) (104). If hitting a child with an object such as a stick or belt is also included, 
the estimates are that 110 per 1,000 children were abused, representing 6.9 million abused 
children (104). 

Children as young as 1 to 3 years of age who have been physically abused at home were 
found to be more than twice as likely as nonabused children to physically assault both their 
classmates and their adult caretakers at school (105). In a direct test of the hypothesis that 
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violence breeds violence across generations, Widom found that individuals identified by 
court records as abused or neglected during childhood were 42% more likely than others to 
perpetuate this cycle of violence as evidenced by being arrested for a violent crime at some 
point during their lives (102). This effect held even when important demographic variables 
such as age, sex, and race were controlled. 

In a recent prospective study of 5-year-old children who had been physically harmed, 
researchers examined the potential mechanisms by which physical abuse in childhood may 
lead to the development of aggressive behavior (106). The experience of physical abuse, as 
reported through maternal interviews, was found to increase the risk of children's aggressive 
behavior in school 6 months after the study began, even when investigators controlled for 
family ecological factors (such as poverty, marital violence, and family instability) and 
children's biological factors (such as early health problems and temperament). "Harmed" 
children were found to develop distinctly "biased and deficient" patterns of solving social 
problems. These patterns, in turn, were found to lead (at least in the short-term) to 
aggressive behavior. The authors caution, however, that although aggressive behavior has 
been found to be remarkably stable over time, one cannot conclude from the study (which 
had a relatively short follow-up period) that physical abuse has had stable effects over many 
years. 

Evidence also suggests that abuse in early childhood leads not only to aggressive behavior 
but also to depression and withdrawal. This emotional distress may, in some cases, lead to 
suicide or attempted suicide (103, 107). 

Early childhood experiences: viewing television and film violence. In the United States, 
television viewing has become an integral part of most American families' routines. The 
possibility that children's viewing of television and film violence may increase their risk for 
aggressive behavior and criminal violence has been a concern for many years, and research 
into that possibility has had a long and politically charged history (101, 108). The viewing 
of television and film violence may produce subsequent violence by providing violent role 
models, by producing attitudes and beliefs that favor the use of violence, and by suggesting 
that violence is a justifiable way of solving social problems (109). 

Heavy viewing of television and film violence appears to affect not only potential perpetra­
tors of violence but also potential victims and bystanders. For example, heavy viewing of 
television violence has been shown to lead to exaggerated notions of both the appropriate­
ness and the prevalence of violence in the real world (110) and to unrealistic fears of 
becoming a victim of violence (111). Heavy viewing of television violence has also been 
found to harden young viewers to expect and passively accept violent behavior displayed by 
others without acting to prevent or end it (112). 

Research data on television violence are sometimes contradictory. Some recent findings 
from longitudinal research, however, support the argument that viewing television violence 
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during early childhood can have long-term and cumulative effects, as well as immediate 
effects. The viewing of television violence by boys at age 8 has been found to predict, 
independently of many demographic factors, the frequency and extent of their subsequent 
display of serious acts of interpersonal violence as many as 22 years later (109). In addition, 
in a cross-national study of American and Finnish grade school children over a 3-year period, 
researchers found that the more television violence a particular child watched in any given 
year, the more likely he or she was to show an increase in aggressive behavior during the 
next year (109). 

The effects of television violence have also been examined along with certain family factors. 
Boys exposed to high levels of violence from two or more sources (e.g., television violence, 
maternal abuse, and paternal abuse) have been found to be more likely to engage in violent 
criminal behavior than boys exposed to only one source or to no sources of violence (113). 

In 1953, the U.S. Senate Subcommittee on Juvenile Delinquency started the first in what 
has become a long series of public inquiries into the effects of viewing television violence. 
The reports of the most notable of these investigations are ( a) the report from the National 
Commission on Causes and Prevention of Violence (114) (often referred to as the Eisen­
hower Report), with the conclusion that viewers of television violence learned how to engage 
in violent behavior; (b) the 1973 Surgeon General's Commission Report, with the conclusion 
that fairly substantial experimental evidence exists for short-run causation of aggression 
among some children and that much less certain evidence from field studies suggests that 
extensive viewing of violence preceded some aggressive behavior; and (c) the National 
Institute of Mental Health Report (115), with the conclusion that a causal link between 
television viewing and aggressive behavior is scientifically established and that television 
viewing of violence has the potential for creating both immediate and long-term effects. In 
view of this evidence, the U.S. Congress has suspended antitrust restrictions in an effort to 
encourage the major television networks to develop their own coordinated response to the 
problem of television violence and its effects on viewers. 

The recently enacted Children's Television Act (1990) now directs the Federal Communi­
cations Commission (FCC) to consider in each television station's application for renewal 
of its broadcast license the extent to which the station has demonstrated compliance with 
programming requirements that serve "the educational and informational needs of children" 
and with nonbroadcast efforts that "enhance the educational and informational value of such 
programming'" The new law, derived from research findings, emphasizes that television can 
help children learn important information, skills, values, and behaviors while entertaining 
them. Our recommendations in this area rest on the premise that the media and film 
entertainment industry have the potential and the responsibility to inform and help educate 
children. 

Child development research: on aggression. From as early as the preschool years and 
throughout later stages of life, highly aggressive or violent individuals commonly show a 
cognitive pattern involving (a) deficient skills in solving social problems, (b) endorsement 
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of beliefs that support the use of violence, and ( c) problems with :;ontrolling impulses. The 
direction of causality is unclear, because the cognitive factors associated with violent 
behavior appear to be learned early in childhood and modifiable through direct intervention. 
Early intervention may, however, produce relatively enduring changes in violent behavior. 

For example, highly aggressive children and violent adolescent offenders have been found 
to define social problems in hostile ways, adopt hostile goals, seek few facts, generate few 
alternative solutions, anticipate few consequences of aggression, and give high priority to 
aggressive solutions (101, 116-118). In addition to these skill deficits, highly aggressive 
children and violent adolescent offenders have been found to hold a variety of beliefs that 
support the use of violence, such as beliefs that the use of aggression is legitimate and 
effective, increases self-esteem, and gains social approval (117, 119). Finally, highly aggres­
sive children and adolescent offenders have been found to show problems in controlling 
impulses (120, 121). Inadequate control of impulses or emotions puts them at risk for 
behaving hastily or inappropriately. 

Interventions to mitigate the effects of childhood experiences associated with violence. 
Research suggests that socially learned factors that contribute to interpersonal violence can 
be altered, with a subsequent reduction in violent behavior (101, 122). Promising programs 
have focused on parental education and training, school-based teaching of nonviolent 
problem-solving skills, community-based interventions, and critical use and understanding 
of media. Few programs have been implemented, and fewer still have been evaluated in a 
comprehensive or long-term manner (101, 122-124). 

Programs in parental management training have been systematically developed and inves­
tigated by Patterson and his colleagues (125). Based on the view that coercive interaction 
patterns in the family inadvertently contribute to the development, maintenance, and 
escalation of violence both within and outside the family, this program focuses on training 
parents of young children (3-12 years of age) to define and respond to coercive behavior in 
the home in new, non coercive ways. The parental management training program is limited 
by the heavy demand it places on parents to develop skills, but this treatment program has 
demonstrated broad-based success in reducing aggressive behavior within the home and 
outside (122); the long-term impact on children's risk of engaging in or becoming the victim 
of future violence has not been evaluated. 

Home visitation programs have been demonstrated to be cost-effective interventions for a 
variety of health outcomes in children, including the reduction of child abuse and neglect 
(126). Because of the demonstrated link between early child abuse and neglect and later 
violent behavior (102), home-visitation prevention programs may decrease children's risk 
for violence in the future, as well as immediately reducing child abuse and neglect. For 
example, in a home-visitation program designed by Olds and colleagues (127), 400 first-time 
mothers at high risk ofmaItreating their children (young single mothers or mothers of a low 
socioeconomic status) were randomly assigned to four treatment groups offering different 
services: sensory and developmental screening at the children's 12th and 24th month oflife; 
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free transportation for regular prenatal and well-child care; home visits by nurses during 
pregnancy; and home visits by nurses during the child's first 2 years of life. Outcomes were 
assessed via emergency room and social service records, maternal reports of their child's 
behavior, observations of maternal caregiving, and children's developmental tests. The 
comprehensive package (all four elements) was found to decrease the incidence of child 
abuse in the highest-risk group of poor, unmarried, teenage mothers having their first child. 
Babies of these mothers tended to show improved intellectual functioning on developmental 
tests at ages 12 and 24 months. 

Curricula developed for various grade levels were designed to change chjldren's knowledge 
and attitudes toward violence and to instill in them interpersonal skills for resolving conflicts 
nonviolently. One program directly focuses on changing adolescents' behaviors and atti­
tudes toward violence (128). This 10-session high school curriculum teaches students about 
the magnitude of the violence problem, their vulnerability to violent injury, the role of anger 
in human interactions, and strategies for nonviolent forms of conflict resolution. Although 
preliminary studies of the effectiveness of these curricula in reducing violent and abusive 
behaviors are inconclusive, these efforts seem promising. One study has shown that inter­
vention with violent adolescent offenders can be effective in changing beliefs that justify 
violent behavior, improving social problem-solving skills, and reducing subsequent aggres­
sive behavior (129). Curricula intended to change children's aggressive behavior patterns -
and to help them develop nonviolent conflict resolution skills could have a profound impact 
if targeted toward very young children. 

Programs and Policies: 

As a result of the growing recognition of the magnitude of the violence problem, laws 
protecting children were established in all 50 states during the 1960s and 1970s. Child 
Protective Services (CPS) has been given the primary responsibility of fulfilling the mandate 
to protect children. Though the laws in each state vary, the process of child protective 
services is basically similar. When someone suspects that a child is being abused or 
neglected, that person is supposed to report such suspicions to CPS. A CPS caseworker 
then conducts an investigation and decides whether the reported incident is a true case. For 
confirmed cases, CPS then initiates an appropriate intervention, which can range from 
minimal intervention with the family to complex and prolonged involvement of juvenile and 
criminal court systems in taking protective custody of the child and to criminal prosecution 
of the offender. 

Unfortunately, the U.S. system for protecting children from parental abuse and neglect has 
serious problems. 11ajor difficulties inc.1ude continually burgeoning numbers of reports 
without concomitant increases in resources; inadequate health, psychological, and social 
services for children and families; and an overloaded foster care system. In addition, the 
current system does not in any way emphasize the primary prevention of child abuse and 
neglect. 
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At present, few programs address other childhood experiences related to future violence, 
such as witnessing violence in the home and excessive viewing of television or film violence. 
Professional organizations concerned with the well-being of children and families (the 
American Academy of Pediatrics, the American Medical Association, the American Psy­
chological Association, and the National Parent-Teacher Association) have recommended 
that professionals take a more active role in reducing the impact of violence portrayed in 
the media (130). Research indicates that although parents rarely monitor the content or 
extent of their children's television viewing (131), parents can have a major effect on the 
ways in which television influences their children by directly mediating and regulating their 
children's television viewing experiences (132). 

In addition to home-based interventions, programs to teach "critical viewing skills" may 
minimize the impact of televised violence (133,134); the effectiveness of these programs is, 
however, under evaluation. 

Where We Want To Be 

The basic values, attitudes, and interpersonal skills acquired early in life are pivotal in 
developing children's predispositions for violent behavior later in life, and early childhood 
exposure to factors such as violent behavior, abuse, and neglect have been demonstrated as 
risk factors for both violent behavior and victimization during adolescence and adulthood. 
Therefore, at least some portion of our violence prevention efforts must be designed to ( a) 
reduce the prevalence of child abuse and neglect, the witnessing of violence in the home, 
and the viewing of violence in films and on television; and (b) intervene with children who 
are exposed to these experiences to ameliorate the consequences. 

Current prevention strategies that promote nonviolent values, attitudes, and interpersonal 
skills are an important but substantially underused component of any long-term strategy to 
prevent violence. Strategies to mitigate the consequences of exposure to violence, or to risk 
factors for violence, by targeting young children or their families are similarly underused. 
The Proceedings of the Forum on Youth Violence in Minority Communities: Setting the 
Agenda for Prevention provide a detailed discussion of the potential of these strategies and 
contain recommendations for action (23). Many of the following recommendations were 
adapted from these proceedings. 

How We Get There 

Recommendations: 

Reduce the incidence of child abuse and neglect and provide treatment for victims of child 
abuse and neglect to minimize long-term effects. 

• Make home visitation programs by nurses widely available for high-risk infants, or 
develop alternative types of home visitation. 
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• Increase the availability of and access to long-term therapeutic health, mental health,and 
social services for abused and neglected children and their families. Such services can 
include individual psychotherapy, respite day care, therapeutic day care, and residential 
treatment. 

• Improve the identification and surveillance of abused and neglected children. 

• Assess the effectiveness of current intervention strategies in preventing future child 
abuse and neglect and in mitigating the long-term effects of abuse. 

o Promote the development of multidisciplinary teams as the units primarily responsible 
for addressing both fatal and nonfatal child abuse and neglect. 

Develop interventions for children living in areas with high levels of violence to decrease 
the likelihood of future violent behavior, and intervene with children who witness violence 
to mitigate both long- and short-term effects. 

• Intensify and expand efforts to identify children who witness violence, and provide 
therapeutic services, particularly for those children who witness violence in their family 
of origin. 

• Increase family support services designed to decrease the prevalence of violence in the 
home. Such services might include the following: 

- Parental education about appropriate discipline techniques, the danger of weapons 
in the home, anger management, and conflict resolution techniques. 

- Timely crisis intervention for families under stress and at risk for violence. 

- Mentoring programs for children and parents to provide positive psychosocial role 
models. 

o Develop educational interventions that foster in children the skills, values, and behaviors 
needed to resolve social problems nonviolently. 

• Develop parental training programs to teach nonviolent resolution of family conflict. 

Develop experiences with the media for children that inform, educate, and foster the skills, 
values, and behavior needed to prevent violence. 

• Call upon the Federal Communications Commission to review each television station's 
broadcast license renewal application for evidence of its programming and outreach 
efforts to help prevent violence among children. 

• Encourage parents to avoid exposing their children to media that aggrandize violence 
and self-destructive behavior and to focus instead on media that educate families in the 
prevention of violence and that depict nonviolent and healthful alternatives. 

Assess both the short- and long-term effectiveness of these recommended interventions in 
reducing the risk of a child being a victim of violence or of exhibiting violent behavior later 
in life. 
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Mental Disorders and Self-Directed Violence 

Where WeAre 

Three salient facts establish a compelUng argument for focusing attention on mental 
disorders, especially affective disorders, as a key strategy for preventing self-directed 
violence. First, depression and other mental disorders have been definitively shown to 
increase the risk of both attempted and completed suicide. Second, the evidence that 
treatment for affective disorders effectively reduces the duration of illness is clear and 
convincing. And third, many people afflicted with clinical depression and other mental 
disorders are either never properly diagnosed or do not receive appropriate care by mental 
health professionals. 

Although a great variety of mental disorders have been associated with suicide, the panel 
focused on affective disorders for several reasons. First, depression is the most common 
psychiatric diagnosis retrospectively assigned to (mostly adult) suicide victims via psycho­
logical autopsies. Second, although certain other disorders, such as schizophrenia, are 
associated with profound increases in the risk of suicide, current treatment may not be 
effective in reducing suicide risk among individuals with these disorders. Indeed, the rate 
of suicide among persons with schizophrenia remains high despite current treatment. 

Likewise, certain personality disorders, such as conduct disorders, have been associated with 
an increased risk of suicide, especially among adolescents and young adults (135). Persons 
with conduct disorders in combination with other mental disorders may be at particularly 
high risk of suicide. Unfortunately, personality disorders have proven to be very resistant 
to current treatment methods. Finally, alcoholism and other substance abuse disorders are 
also considered mental disorders and are clearly of central importance in the causation of 
many suicides. However, because we have already emphasized the importance of AOD use 
in the etiology of both suicide and homicide in another section of this chapter, we will not 
repeat that discussion here. 

Here, we focus on the prevention of self-directed, as opposed to interpersonal, violence. 
Some evidence suggests that persons with certain mental disorders, especially those with 
substance abuse disorders or those who satisfy criteria for multiple mental disorders, may 
be at increased risk of behaving violently toward others (136). However, mental disorders 
have been much more strongly and consistently implicated in the causation of self-directed 
violence; thus, addressing mental disorders is likely to have its greatest salutary impact on 
the prevention of suicidal behavior. 
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Research Findings: 

Mental disorders and suicide. Psychological autopsies - interviews with friends and 
relatives of the deceased person, designed to reconstruct the social and psychological 
circumstances associated with the suicide (137) - have been used in several major studies 
to retrospectively study the psychiatric disorders of adults who commit suicide (138-142). 
In adults, depression has been most commonly found, followed by alcoholism and schizo­
phrenia. In addition, five major follow-up studies, investigators found psychiatric patients 
to be at 8 to 38 times greater risk for suicide than the populations from which they were 
drawn (28). The studies varied in whether the study subjects received their original psychi­
atric care as inpatients or as outpatients and in the duration of the follow-up (1 to 25 
years). Overall, patients with affective disorders were at the highest risk. 

In psychological autopsy studies (63, 143) and record review studies (144) of youth suicide 
victims, investigators have identified conduct disorders as common diagnoses, as well as 
depression and substance abuse. In the largest study to date (135), investigators found that 
among males, who accounted for 80% of the suicides, antisocial behavior was the most 
frequent risk factor, occurring in 67% of the sample, followed by a family history of suicide 
(41 %), drug abuse (37%), major depression (21 %), and a prior suicide attempt (21 %). The 
coexistence of antisocial and depressive symptoms has been suggested as a particularly 
high-risk combination for youth suicide (145). 

The effectiveness of current treatments for affective disorders. Most adults and many 
adolescents who complete suicide have mental disorders that can be identified and, in many 
cases, treated (28, 63, 138, 139, 142, 143, 146-150). The duration of illness among patients 
with clinical depression - the mental disorder most commonly associated with suicide 
among adults - has been clearly shown to be reduced by pharmacotherapy and psycho­
therapy (151-154). Among persons with major depression, 80%-90% can be treated suc­
cessfully (155). Treatment for persons with bipolar affective disorder has also been shown 
both to effectively reduce symptoms and to delay the recurrence of symptoms (156-158). 
Among children with well-defined major depressive disorders, antidepressant therapy has 
also proven to be effective in reducing symptoms of depression (159). 

The proportion of aIDicted persons receiving proper diagnosis, referral, and treatment. 
Despite the clear association of mental disorders with suicide and despite the proven 
effectiveness of therapy for certain mental disorders, there is only limited evidence that 
current treatment methods have reduced the suicide rate among the general population. 
One possible explanation for this is that many people suffering from depression and other 
affective disorders are never properly diagnosed or, for other reasons, do not receive therapy 
for their illness. Evidence from the National Institute of Mental Health (NIMH) Epidemi­
ologic Catchment Area Program indicates that less than 20% of all persons with a recent 
mental disorder and only about 30% of all persons with a mood disorder, such as depression, 
seek help for their problem (160, 161). 
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Programs and Policies: 

Clinical treatment of mental disorders first requires that persons be identified as needing 
treatment and be properly referred. Second, treatment for these persons must be available 
and affordable. Numerous individuals and groups have made patchwork efforts to increase 
the identification and referral of suicidal persons, but little organized effort has been 
explicitly directed toward increasing access to clinical care for persons with mental disorders 
as a means of preventing suicide. 

Many communities have implemented outreach efforts to ensure that high-risk individuals 
receive appropriate treatment or are referred to appropriate mental health practitioners. 
The efficacy of suicide crisis telephone lines in reducing the overall suicide rate has been 
questioned, since hotlines are used most frequently by young females, and suicide rates are 
highest among elderly males (135, 162). Nonetheless, a reduction in suicide rates in certain 
subgroups that use crisis lines (white females under 24 years of age) has been found (163). 
In addition, these crisis lines may serve a worthwhile community function by referring 
distressed individuals to appropriate sources for help. 

Recently, a variety of school-based suicide-awareness programs have been implemented, 
but their efficacy in preventing suicide has not been demonstrated. Educational efforts may 
improve students' knowledge about suicide but may not affect their attitudes or behavior 
(49, 164). Recent findings suggest that, for some students, such programs may even have 
slightly negative effects on their moods (165). 

In a recent study of two school-based suicide prevention curricula (166), researchers found 
that students who reported prior suicide attempts tended to react more negatively to the 
program than students who did not report prior suicide attempts. That finding is worrisome, 
since past suicide attempters are a high-risk group. The researchers noted, however, that 
the programs studied did not negatively alter the high-risk students' fundamental knowledge 
or attitudes about suicide; rather, they reported that "although none of the attempters rated 
the programs as upsetting, 2 of 14 (14.3%) attempters reported knowing someone who was 
upset by the programs'" There was no evidence suggesting that students had increased 
suicidal thinking or behavior in response to the school-based programs. 

Given these findings and the small numbers involved in this study - and given the fact that 
the curricula studied are but two examples of a broad array of school-based suicide 
prevention programs - it would be premature for us to make sweeping judgments about 
the potential benefits and dangers of school-based programs. On the other hand, many 
suicide researchers believe that broad-based primary prevention programs focusing on 
health enhancement are likely to be of greater value than programs that only address suicide 
(167). Such broad-based programs might include training in social skills, problem-solving 
and coping skills, and the management of anger and depression. 
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Opportunities to identify people at risk for suicide exist in many settings. For example, 
community nurses have been trained to recognize suicidal behavior in rural clients; some 
hospital emergency rooms have established standardized protocols for assessing and refer­
ring suicide attempters and people with suicidal behavior; and suicide crisis telephone lines 
are common in many cities (22). 

In response to increasing concern about clusters of youth suicide and to mounting evidence 
concerning suicide IIcontagion,1I CDC has published guidelines to help communities control 
and perhaps even prevent clusters of suicide (22). These guidelines include provisions for 
identifying potentially high-risk youths and giving them access to community mental health 
resources. To reduce the likelihood of imitative behavior, the American Association of 
Suicidology has developed guidelines for the media to use in reporting suicides, and, 
recently, the Association of State and Territorial Health Officers has published somewhat 
more extensive guidelines (168). These media guidelines include recommendations for 
publishing the phone numbers of hot lines, mental health agencies, and other resources in 
the community, in the hope of lowering barriers to care for those who are suicidal. These 
media guidelines also contain recommendations for limiting the description of the suicide 
method, limiting the amount of media coverage, and establishing and publicizing a specific 
mental health liaison with the media when a suicide crisis occurs. 

Where We Want To Be 

Because of the powerful association between mental disorders and suicide and the avail­
ability of effective treatment for depression and certain other mental disorders closely 
associated with suicide, we need to do a much better job of identifying persons with these 
mental disorders and getting them into treatment. 

One example of such an effort is the NIMH Depression/Awareness, Recognition, Treat­
ment (D/ART) program. The D/ ART program consists of distributing materials specifically 
developed for an array of gatekeepers and community members and designed to assist in 
the recognition and understanding of depression. The D/ART materials are to be widely 
disseminated by NIMH in the hope of increasing referrals of persons who suffer from 
undiagnosed depression. 

How We Get There 

Recommendations: 

Improve the identification and referral of persons with depression and other treatable 
mental disorders. 

• Disseminate the D/ART materials of the NIMH to potential gatekeepers and commu­
nity members. 

• Develop measures for screening institutionalized and incarcerated populations, to 
identify their mental health needs and potential for suicidal behavior. 
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• Develop or modify professional education programs to teach professionals (in educa~ 
tion, nursing, medicine, and law enforcement) how to better recognize and refer persons 
with depression and other treatable mental disorders. 

• Coordinate mental health services with other medical and health services, especially 
alcohol and other drug abuse programs. 

Improve access to treatment for people with depression and other treatable mental disor­
ders that are associated with suicide. Increase public health and insurance funding for 
outpatient treatment of depression and other mental disorders. 

Increase the percentage of people with affective disorders who receive effective treatment. 

Conduct research to determine the combined effect of antisocial personality (particularly 
aggressiveness) and affective or other mental disorders on suicide risk. 

Conduct controlled research studies to measure the effect of current treatment methods for 
depression and other mental disorders on the suicide rate in the treated population. 
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Summary of Recommendations 

Infrastructure 

Targeting Prevention Resources Toward Those at High Risk 

Address the specific needs, characteristics, and circumstances of communities with high 
rates of violent injury by developing culturally appropriate violence prevention and inter­
vention programs for them. 

• Incorporate the recommendations for community-based violence prevention from the 
Forum on Youth Violence in Minority Communities: Setting the Agenda for Prevention 
(23). 

These recommendations include developing the following: ( a) school-based programs, 
including conflict resolution training, comprehensive school health curricula, and school 
designs that minimize opportunities for violence; (b) community programs involving 
linkages among various service agencies, including media campaigns to publicize existing 
services and raise awareness, mentoring programs for both general and high-risk youths, 
and programs to create recreational and job opportunities for youths that will help them 
develop skills, self-esteem, and positive attitudes; (c) programs specifically designed for 
high-risk youths, including violent youths, gang members (and youths at risk for 
becoming gang members), youths from families with problems related to violence, and 
victims, relatives of victims, and witnesses to violence. 

As called for in the Healthy People 2000 Health Objectives 7.12 and 7.14 (Appendix B), 
improve the recognition, referral, and treatment of individuals at high risk for violence (e.g., 
suicidal persons, victims of violence or neglect, or people who have previously threatened 
to commit a violent act). 

• Initiate or expand training for primary caregivers to enhance their ability to iden.tify 
high-risk individuals. Use standard protocols when possible. (See also "Training,1I page 
219.) 

• Involve a wide range of professionals (e.g., clergy, public health nurses, school nurses, 
teachers, and counselors) in identifying and referring people at high risk. 

• Increase clinic outreach services and referral systems for suicide attempters, to encour­
age attempters to receive appropriate, ongoing clinical treatment, and to maximize their 
compliance with treatment regimens. 

• Develop or strengthen systems of mutual referral (e.g., between school and mental 
health systems). 
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Expand and improve the coordination of existing services for high-risk individuals and 
develop, through new or reprogrammed resources, broader violence prevention efforts for 
high-risk groups. 

• Encourage all state and local health departments with populations at high risk of violent 
injury to devote some portion of their prevention efforts and resources to preventing 
and controlling injury due to violence. 

• Develop violence prevention guidelines for state and local health departments. 

• At the national level, expand the Secretary's Advisory Committee on Injury Control to 
include representation from public health, criminal justice, education, mental health, 
and social service agencies. 

• Expand access to community services for victims of violence (e.g., shelters for battered 
women and mental health services for rape victims, suicide attempters, and child abuse 
victims). 

• Expand community mental health services and increase outreach programs in commu­
nities with populations at high risk of suicide (e.g., certain American Indian reservations 
and communities with a large elderly population or with an apparent cluster of youth 
suicides). 

Surveillance 

Establish universal E-coding of all hospital discharges, as called for in the detailed recom­
mendations of the National Committee on Vital and Health Care Statistics. 

Modify state behavioral risk-factor surveys or establish new surveys to collect relevant 
information on behaviors and environmental hazards associated with an increased risk of 
injury due to interpersonal and self-directed violence. 

Continue efforts to determine the feasibility and utility of modifying NEISS in order to 
collect information about firearm injuries from a representative sample of hospital emer­
gency departments. 

Explore the feasibility and utility of developing a F ARS-like surveillance system for fatal 
firearm injuries. 

Explore potential modifications to death certificates, or to the death certification process, 
that would enhance the usefulness of national mortality data for the surveillance of suicide 
and homicide. 
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Empowering Communities 

Develop and disseminate guidelines for the prevention of violent injuries at the community 
level. 

• Publish guidelines (in progress at CDC) for preventing youth violence, based on recom­
mendations from the Forum on Youth Violence in Minority Communities: Setting the 
Agenda for Prevention. 

• Publish similar guidelines (in progress at CDC) for preventing youth suicide, highlighting 
the rationale and potential benefits and pitfalls of current youth suicide prevention 
strategies. 

Develop new financial and other resources for developing and sustaining long-term support 
of community-based violence prevention programs. 

• . Establish partnerships and coalitions among community groups interested in violence 
prevention; public health, mental health, social work, and criminal justice agencies; and 
private foundations. 

• Develop mechanisms for providing sustained, long-term funding of violence prevention 
demonstration projects. 

Training 

Incorporate violence prevention training into the curriculum of all graduate public health 
programs, and make this training an explicit and required component of all injury control 
training programs. 

Develop and implement teaching modules (for schools of medicine, nursing, social work, 
and psychology and for continuing education) to help primary caregivers recognize and 
appropriately refer suicidal persons, victims of violence, and others at high risk of injury due 
to violence. 

Institute fellowship programs to attract new people to the field of intentional injury control. 
Make particular efforts to recruit minorities and females from all graduate schools of public 
health. 

Initiate and expand the training of primary care providers to enhance their ability to identify 
high-risk individuals. Use standard protocols when possible. (See also "Targeting Preven­
tion Resources Toward Those at High Risk," page 174.) 
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Evaluation 

When possible, for each of the major categories of violent injury (e.g, suicide, wife abuse, 
youth violence, rape, child abuse), identify existing programs that employ promising violence 
prevention strategies and conduct rigorous scientific testing of the effectiveness of these 
strategies in reducing injuries and deaths due to violence. 

For unproven but promising strategies that have not yet been implemented or that have 
been implemented in a manner that precludes scientific evaluation, develop and rigorously 
test the efficacy of new prevention programs that are based on these strategies. 

Encourage (e.g., through funding mechanisms) all new and existing violence prevention 
programs to build routine program evaluation'measures into their day-to-day activities and 
to collect data that would facilitate future outcome-based evaluation studies when possible. 

Special Areas of Emphasis 

Firearm Violence 

Minimize ready access to handguns and other firearms. 

• Promote educational and behavioral modification efforts. 

- Encourage voluntary removal of handguns from households by educating the public 
about the risks of guns outweighing their benefits in providing household security. 

Promote secure storage of firearms that remain in the home, to reduce or eliminate 
a person's ability to rapidly retrieve and fire them. 

- Promote the storage of weapons so that children and adolescents do not have 
unsupervised access to guns. 

- Develop, implement, and evaluate school- and peer-based programs to limit 
children's access to and use of handguns. 

• Promote technological and environmental efforts. 

- Assist the domestic firearms industry and others in developing less lethal yet effective 
means of providing security against assailants and intruders. 

- Develop, implement, and evaluate pilot programs that employ metal detection or 
other technologies to prevent firearms from being carried into high-risk settings (e.g., 
bars, discos, rock concerts, and schools where firearm violence has occurred). 

- Strengthen the current IIfactoring criteria," by requiring that firearms be designed 
primarily for sporting purposes. Apply these criteria to domestic and imported 
firearms. 

- Promote design and performance standards to minimize the risk of firearm injuries. 
Examples include trigger arresters and loaded-chamber indicators. 
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• Enhance enforcement of existing legislative and regulatory efforts. 

- Transfer regulatory oversight and law enforcement responsibilities for firearms to 
an agency with a primary mandate to protect the health of the public; provide this 
agency with broad authority to regulate the design and manufacture of firearms and 
ammunition. 

- Increase resources committed to the investigation and prosecution of illegal traffic 
in firearms. 

- Promote the vigorous enforcement of extant laws prohibiting the carrying of 
handguns in public, through means that include innovative alternative sentencing 
measures for those convicted (e.g., sentencing to a county workforce) as well as 
stricter general enforcement of current laws. 

- Establish a national registration system for all handguns, with the registration data 
available only for use in criminal investigations. Make the possession of unregistered 
handguns a criminal offense. 

- Establish a central registry of all handgun purchases, again with the collected data 
available only for use in criminal investigations. 

• Initiate new legislative and regulatory efforts. 

- Prohibit the manufacture, importation, and sale of handguns except in special 
circumstances. 

- Establish a national waiting period for all purchases of firearms, coupled with a 
mandatory criminal record background check. 

- Establish nationwide restrictive licensing of handgun owners, whereby a handgun 
license would be granted only when a clear legitimate need for possessing a handgun 
is demonstrated (e.g., for professional use). 

- Enact an excise tax on firearms and ammunition at a rate sufficient to cover the public 
cost of firearm injuries. 

Improve our knowledge of firearm injuries and the role of ready access to firearms in firearm 
injuries. 

• Improve the quality of surveillance data for firearm injuries, for both morbidity and 
mortality. Include details (manufacturer, caliber, type) of the firearms involved in 
violence. 

• Improve the assessment of risks, medical and social costs, and benefits of ready access 
to firearms. 

• Rigorously evaluate policy initiatives, including gun control laws and regulations. 

• Explore and evaluate alternatives to firearms for home and personal security. 

• Promote collaboration among the criminal justice, public health, and medical research 
sectors, particularly in policy evaluation. 
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Alcohol and Other Drug Use and Violence 

Decrease chronic use of AODs by persons at high risk of violent behavior by ensuring that 
such persons are properly identified and provided with adequate treatment for their drug 
use disorders. 

• Rigorously evaluate successful treatment and maintenance programs to identify effec­
tive characteristics and treatment regimens. 

• Develop protocols for referring AOD users to appropriate treatment programs. 

- Include criteria for matching individuals with appropriate treatment programs. 

- Coordinate efforts of criminal justice, mental health, and drug treatment agencies 
whenever possible. 

• Eliminate administrative barriers to entering and completing treatment programs, 
including insurance limitations for users, liability risks for treatment providers, lack of 
access to child care and obstetric care, and premature termination of maintenance 
programs. 

Prevent or at least delay the initiation of AOD use, especially among people otherwise at 
high risk of interpersonal or self-directed violence. 

• Develop and implement culturally appropriate and regionally specific programs to 
prevent and delay the initiation of AOD use; to accelerate the process of desistance; and 
to minimize health risks from AOD use. Rigorously evaluate the effectiveness of these 
programs. 

• Target prevention and early intervention efforts at populations at high risk of AOD use, 
at users with concurrent mental disorders, and at people with histories of violent 
behavior or mental disorders, or both. 

Reduce the risk of violence associated with AOD use through environmental and regulatory 
controls on access to AODs. 

• Design, implement, and evaluate interventions to control access to AODs through retail 
alcohol and prescription drug sales. 

• Study the efficacy of regulating AOD use to reduce fatalities associated with illicit 
distribution of controlled substances. Explore feasible alternatives to the legal regula­
tion of illicit substances associated with violence, such as cocaine and heroin. 

Study the relationship between AOD use and violence. 

• Explore the mechanisms underlying the observed associations among AOD use, mental 
disorders, and self-directed and interpersonal violence. 

• Determine whether treatment of alcoholics and other drug-addicted persons reduces 
the incidence of self-directed violence, interpersonal violence, or both. 
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Early Childhood Experiences Affecting Future Risk of Violence 

Reduce the incidence of child abuse and neglect and provide treatment for victims of child 
abuse and neglect to minimize long-term effects. 

• Make home visitation programs by nurses widely available for high-risk infants, or 
develop alternative types of home visitation. 

• Increase the availability of and access to long-term therapeutic health, mental health, 
and social services for abused and neglected children and their families. Such services 
can include individual psychotherapy, respite day care, therapeutic day care, and resi­
dential treatment. 

• Improve the identification and surveillance of abused and neglected children. 

• Assess the effectiveness of current intervention strategies in preventing future child 
abuse and neglect and in mitigating the long-term effects of abuse. 

• Promote the development of multidisciplinary teams as the units primarily responsible 
for addressing both fatal and nonfatal child abuse and neglect. 

Develop interventions for children living in areas with high levels of violence to decrease 
the likelihood of future violent behavior, and intervene with children who witness violence 
tc mitigate both long- and short-term effects. 

• Intensify and expand efforts to identify children who witness violence, and provide 
therapeutic services, particularly for those children who witness violence in their family 
of origin. 

• Increase family support services designed to decrease the prevalence of violence in the 
home. Such services might include the following: 

- Parental education about appropriate discipline techniques, the danger of weapons 
in the home, anger management, and conflict resolution techniques. 

- Timely crisis intervention for families under stress and at risk for violence. 

- Mentoring programs for children and parents to provide positive psychosocial role 
models. 

• Develop educational interventions that foster in children the skills, values, and behaviors 
needed to resolve social problems nonviolently. 

• Develop parental training programs to teach nonviolent resolution of family conflict. 

Develop experiences with the media for children that inform, educate, and foster the skills, 
values, and behavior needed to prevent violence. 

• Call upon the Federal Communications Commission to review each television station's 
broadcast license renewal application for evidence of its programming and outreach 
efforts to help prevent violence among children. 
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• Encourage parents to avoid exposing their children to media that aggrandize violence 
and self-destructive behavior and to focus instead on media that educate families in the 
prevention of violence and that depict nonviolent and healthful alternatives. 

Assess both the short- and long-term effectiveness of these recommended interventions in 
reducing the risk of a child being a victim of violence or of exhibiting violent behavior later 
in life. 

Mental Disorders and Self-Directed Violence 

Improve the identification and referral of persons with depression and other treatable 
mental disorders. 

• Disseminate the D/ART materials of the NIMH to potential gatekeepers and commu­
nity members. 

• Develop measures for screening institutionalized and incarcerated populations, to 
identify their mental health needs and potential for suicidal behavior. 

• Develop or modify professional education progrC\ms to teach professionals (in educa­
tion, nursing, medicine, and law enforcement) how to better recognize and refer persons 
with depression and other treatable mental disorders. 

• Coordinate mental health services with other medical and health services, especially 
alcohol and other drug abuse programs. 

Improve access to treatment for people with depression and other treatable mental disor­
ders that are associated with suicide. Increase public health and insurance funding for 
outpatient treatment of depression and other mental disorders. 

Increase the percentage of people with affective disorders who receive effective treatment. 

Conduct research to determine the combined effect of antisocial personality (particularly 
aggressiveness) and affective or other mental disorders on suicide risk. 

Conduct controlled research studies to measure the effect of current treatment methods for 
depression and other mental disorders on the suicide rate in the treated population. 
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Appendix A: Detailed Demographic and Other Patterns 
of Injuries from Violence 

Interpersonal Violence 

Federal Bureau of Investigation (FBI) records indicate that in 1989 in the United States 
910,092 serious assaults occurred (41). This number, however, is an underestimate of the 
magnitude of the problem. Estimates from National Crime Survey (NCS) data indicate that 
during 1988 in the United States, 4,734,190 assaults occurred among people over 12 years 
of age who were not institutionalized (169). Of those assaulted, 1,430,160 were estimated 
to have suffered injuries (169). 

Using Massachusetts hospital records for the years 1979 to 1982, researchers estimated that 
each year 1 of every 130 individuals 19 years of age or younger had been treated for injuries 
resulting from fights, rapes, child batterings, or other violent assaults (170). 

Interpersonal violence is a distinctive and disturbing aspect of American society. A recent 
comparison of homicide rates among males 15 to 24 years of age in 21 developed countries 
showed that the U.S. homicide rate is not only the highest for any developed country, it is 
also 4.4 times higher than that for the country (Scotland) with the next highest rate and many 
times higher than rates for other developed countries (3) (Figure 1). 

Although interpe.rsonal violence occurs within almost every segment of American society, 
vast differences in violent injury rates are associated with age, sex, race and ethnicity, 
socioeconomic status, and site of the violent event. 

Age. Victims of interpersonal violence are often young. In 1987, more than half the victims 
(56%) were under age 34, and a quarter (25%) were from 15 to 24 years old (38). Because 
homicide victims usually die young, homicide ranks sixth among all causes of death in terms 
of years of potential life lost (YPLL) (2). 

Although almost three decades have lapsed since "the battered child syndrome" was first 
brought to public attention (95), infants and very young children continue to be at a relatively 
high risk of violent injury and death. In 1986, child abuse and neglect caused 1,100 deaths 
(171). Each year, an estimated 1.6 million children are seriously injured or impaired by 
abuse and neglect (4,5). Common injuries to children from abuse or neglect include head 
injuries, broken bones, lacerations, intestinal perforations, obstructions from trauma to the 
abdomen, and third-degree burns (4). . 
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In recent years, rates of homicide among adolescents and young adults have increased 
markedly (1). Among individuals 15 to 24 years of age, homicide now ranks as the second 
leading cause of death in the United States (172). 

Interpersonal violence among adults takes a wide variety of forms, including sexual violence 
and intrafamilial abuse. Nearly 9% of all U.S. homicides reported during a 10-year period 
were perpetrated by the victim's spouse (8), and more than 30% of all incidents of nonfatal 
violence documented during a 4-year period were attributed to the victim's spouse (173). 

Interpersonal violence against elderly people also represents a substantial problem in the 
United States (174). An estimated 2% of the elderly population experiences physical 
violence, usually from a relative who lives with and is financially dependent on the victim 
(175-179). 

Sex. Males are far more likely than females to become perpetrators or victims of homicide 
and many other forms of interpersonal violence. In the United States, males perpetrate 
84% of the homicides with male victims and 90% of the homicides with female victims (41). 
Males are the victims of 76% of all homicides (41). 

In contrast, females are more likely than males to become victims of spouse homicide, 
nonfatal spouse abuse, sexual assault, rape, and childhood sexual abuse. From 1976 to 1985, 
spouse homicides accounted for 8.8% of all homicides (8). Overall, wives are 1.3 times more 
likely than husbands to be killed by a legal or common-law spouse; this pattern is reversed, 
however, among black spouses (8). Nonfatal physical violence between spouses is estimated 
to occur in one of six homes each year, and females are more likely than males to be injured 
(15). An estimated 95% of serious assaults by a spouse or intimate partner are against 
females (180, 181). Special considerations relating to violence against women by husbands 
and other intimates are reviewed later. 

Race and Ethnicity. Black males are more than seven times more likely than white males 
to become victims of homicide. The rate of spouse homicide among black couples is 8.4 
times higher than that among whites couples (8). Although national reporting of homicide 
victimization by ethnic status is not yet complete, 1977 to 1982 estimates from five south­
western states indicate that the homicide rate for Hispanics was 47% of the rate for blacks, 
but nearly three times that for non-Hispanic whites. American Indians in reservation states 
also have a high risk of becoming victims of homicide. When socioeconomic status is taken 
into account, the disparity between racial/ethnic minority and nonminority groups, as both 
perpetrators and victims of interpersonal violence, diminishes substantially (10-13). 
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Age, race, and sex considered together. The lifetime probability of dying from homicide in 
the United States for four race-sex groups is as follows (FBI Uniform Crime Reporting data, 
1989, unpublished observation): 

• 1 in 496 for white females 
• 1 in 205 for white males 
• 1 in 117 for black females 
• 1 in 27 for black males 

Young black males are at the highest risk of homicide of any age-race-sex group in the 
United States. In fact, homicide is the leading cause of death for black males 15 to 34 years 
of age (3, 7). 

Socioeconomic factors. Homicide rates in the United States vary markedly according to the 
economic status of the community (182). Poor, urban inner-city areas tend to have much 
higher rates of interpersonal violence and homicide than do suburban and rural areas 
(Mercy and colleagues, conference background paper, 1986, unpublished observation). 
Children from lower income families (I.e., those earning less than $15,000 per year) are four 
times more likely to be physically abused than children from higher income families (4). The 
relationship between low income and child abuse may be due partly to reporting bias, 
because low income individuals are more likely to be under public and protective scrutiny 
(14, 183). Many known risk factors for child abuse and neglect are, however, much more 
prevalent in impoverished communities than elsewhere. In addition, even results of self-re­
port surveys show a higher prevalence of child abuse and neglect among families with lower 
socioeconomic status (104). Therefore, it is unlikely that all of the association between 
poverty and child abuse and neglect is the product of such reporting bias. 

Workplace as a site for violence. Homicide is one of the top three causes of traumatic death 
in the workplace. Work-related violence accounts for about 13% of all work-related deaths. 
Work-related homicide is the leading cause of death among females who die from work-re­
lated activities and the third leading cause of death among males who die at work. Homicide 
deaths in the workplace are most common among those 65 years of age and older, accounting 
for 2.7 deaths per 100,000 workers. Homicides occur most frequently among people who 
work in public administration (police officers), retail sales (clerks and proprietors of 
convenience stores, gas stations, liquor stores, bars, and restaurants), and transportation 
(taxi and short-haul transport drivers). 

Violence among spouses and other intimates. Acts of physical aggression between spouses 
occur in one of six homes each year (14, 15). Of these incidents, more than a third are severe 
assaults involving such acts as punching, kicking, hitting with an object, beating up, and 
assaulting with a gun or knife. In national surveys, about two-thirds of the people reporting 
at least one incident of marital violence reported that multiple incidents of such violence 
occurred in the year preceding the survey. 
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Severe violence by males (as reported by females) is far more common among dating, 
cohabiting, or engaged couples than among intact married couples (184, 185). Ellis (186) 
found that females separated from their partners had more severe violent acts directed 
against them by their partners than did females in other marital or cohabitational statuses. 
Gaquin (187) also found that separated and divorced females were at higher risk of being 
harmed by their estranged husbands than were married females. 

Injuries and fatalities from partner violence affect females disproportionately. Each year, 
2 million females are severely assaulted by their male partners (104), and more than half of 
the female homicide victims in the United States are killed by partners or ex-partners (188, 
189). 

Marital rape is an integra] part of marital violence (190, 191) and may be an antecedent to 
marital homicide (192). Among females in San Francisco who had ever been married, 14% 
said they had been raped by a husband or ex-husband (193). 

Several factors may account for the high rates of violence among spouses and intimates, 
including (a) the large amount of time intimates interact, (b) cultural norms, (c) sex role 
socialization that may legitimate the use of violence by males, and (d) the privacy of family 
interactions (and concomitant· absence of societal restraints). Research on the overlap 
between family and stranger violence also suggests that many males who physically attack 
their female partners are also violent toward individuals outside the family (194, 195). 

Suicide and Attempted Suicide 

Suicide 

Suicide is the eighth leading cause of death in the United States. About 20% of all injury 
deaths are due to suicide (16). In 1988, 30,407 persons completed suicide (1), and the 
corresponding age-adjusted suicide rate was 11.4 per 100,000, down from 11.7 per 100,000 
in 1979 (1). In 1988, the age-adjusted suicide rate for white males was 21.6 per 100,000, 12.1 
for black males, 5.2 for white females, and 2.4 for black females. These figures, however, 
probably represent underestimates of the problem because suicide is typically underre­
ported. 

Age. Recent patterns and trends in suicides among young people and old people are 
obscured by the aggregate statistics cited previously. Specifically, suicide rates among 
people 15 to 24 years of age have virtually tripled since 1950. These increases make suicide 
the third leading cause of death in this age group (1). By 1987, the annual suicide rate was 
10.3/100,000 for those 15-19 years old and 15.3 per 100,000 for those 20 to 24 years old. 
From 1970 to 1984, the rate of increase was 55.2% among 15- to 19-year-olds and 28.9% 
among 20- to 24-year-olds (196). Suicide clusters (i.e., an excessive number of suicides 
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occurring over a short time or in relative geographic proximity or both) have also been found 
to be two to four times more common in the 15- to 19-year and the 20- to 24-year age groups 
than in all other age groups (197). Such clusters, however, represent only a small proportion 
of youth suicides. 

In the past few decades~ suicide rates among older people have generally declined, but 
suicide rates among young people have increased. The net effect was an artificially stable 
crude suicide rate. Since 1979, however, after a 40-year period of decline (198), annual 
suicide rates among persons 65 years and older have been increasing (1). For persons 70 
years and older, the highest rates are found among white males (60.0 per 100,000), followed 
by black males (18.8 per 100,000), white females (6.8 per 100,000), and black females (1.8 
per 100,000) (1). 

Sex and race. As indicated above, suicide rates for males are higher than for females across 
all age groups. Whites are consistently at higher risk of suicide than blacks. Although the 
annual suicide rate for males 15 to 34 years of age is substantially lower among blacks than 
it is among whites (6.6 per 100,000 vs. 13.7 per 100,000; NCHS 1990), the suicide rate for 
young black males increased at rates equivalent to or higher than that for young white males 
during the years 1940 to 1980 (198). Furthermore, several investigators have reported 
higher suicide rates for young black males than for young white males in specified urban 
centers (199). 

From 1975 to 1980, the average annual suicide rate for Hispanics in five southwestern states 
was less than half that for whites (9 per 100,000 vs. 19.2 per 100,000). Among Mexican­
Americans, being born in Mexico and being Catholic have been related to a lower incidence 
of suicidal behavior (200). The suicide rate for American Indians and Alaskan Natives varies 
greatly across Indian tribes, but overall it is much higher than that for the general population 
(201). Annual rates ranging from 8 per 100,000 to 120 per 100,000 have been reported 
among Indians living on reservations. The suicide rate for Indian adolescents in 1986 was 
estimated at 26.3 per 100,000 (202). 

Attempted Suicide 

We have studied suicide attempters in an effort to understand completed suicide, but suicide 
attempts also should be viewed as a significant injury problem in their own right. Among 
suicide attempters, lethality of suicidal intent varies greatly, and some "attempts" are not 
designed to be lethal. Because most studies of suicide attempts rely on self-reports, without 
operational definitions, respondents are allowed to use their own meaning of "suicide 
attempt" (203). Increasing evidence indicates that this approach produces a large overes­
timate of the number of suicide attempters who actually suffer injury or poisoning from their 
behavior or who require even minor medical or surgical attention (30). Therefore, the 
estimates that follow should be interpreted with caution. 
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A review of population surveys indicates that lifetime prevalence estimates for self-reported 
attempted suicide among adults vary from 1.1% to 4.2% (19). In the Epidemiologic 
Catchment Area (ECA) study, which focused on persons 18 years of age and older, the 
weighted lifetime prevalence was estimated at 2.9%, and the annual prevalence was 
estimated at 0.3%. Suicide attempts were more commonly reported among females (4.2%) 
than males (1.5%) and most frequently among persons 25 to 44 years of age (4.0%). 
Separated and divorced persons (8.5%) had a much higher rate of attempted suicide than 
married or widowed persons (2.0%). The suicide attempt rate increased systematically from 
groups with high socioeconomic status (SES) to those with low SES, and the rate was lowest 
in rural areas. Risk factors for attempting suicide within a 1- to 2-year period include a 
diagnosis of major depression, current alcoholism, and current cocaine use (89). Results of 
high school surveys of adolescent suicidal behavior have shown an 8% to 9% prevalence of 
lifetime self-reported prior suicide attempts (204-206). Again, the prevalence of serious or 
injurious suicidal behavIor appears to be much lower than the overall prevalence of 
self-reported "attempted suicide" (207). 
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Appendix B: Healthy People 2000 : 
Health Objectives for the Nation 
Related to Violent and Abusive Behavior 

7.1 Reduce homicides to no more than 7.2 per 100,000 people. 
(Age-adjusted baseline: 8.5 per 100,000 in 1987) 

Homicide Rate (per 100,000) 1987 Baseline 2000 Target 

7.1a Children aged 3 and younger 3.9 3.1 
7.1b Spouses aged 15-34 1.7 1.4 
7.1c Black men aged 15-34 90.5 72.4 
7.1d Hispanic men aged 15-34 53.1 42.5 
7.1e Black women aged 15-34 20.0 16.0 
7.1f American Indians and 

Alaskan Natives in reservation states 14.1 11.3 

7.2 Reduce suicides to no more than 10.5 per 100,000 people. 
(Age-adjusted baseline: 11.7 per 100,000 in 1987) 

Suicide (per 100,000) 1987 Baseline 2000 Target 

7.2a Youth aged 15-19 10.3 8.2 
7.2b Men aged 20-34 25.2 21.4 
7.2c White men aged 65 and older 46.1 39.2 
7.2d American Indians and 

Alaskan Natives in reservation states 15.0 12.8 

7.3 Reduce weapon-related violent deaths to no more than 12.6 per l(YJ,ooo people from 
major causes. 
(Age-adjusted baseline: 12.9 per 100,000 by firearms; 1.9 per 100,000 by knives, in 1987) 

-

7.4 Reverse the rising incidence of maltreatment of children younger than age 18, and reduce 
it to less than 1986 baseline levels. (Baseline: 25.2 per 1,000 in 1986) 

Incidence of Types of Maltreatment 1986 Baseline 2000 Target 
(per 1,000) 

7.4a Physical abuse 5.7 <5.7 
7.4b Sexual abuse 2.5 <2.5 
7.4c Emotional abuse 3.4 <3.4 
7.4d Nel.!:Iect 15.9 <15.9 

7.5 Reduce physical cases of abuse directed at women by male partners to no more than 27 
per 1,000 couples. (Baseline: 30 per 1,000 in 1985) 

7.6 Reduce assault injuries among people aged 12 and older to no more than 10 per 1,000 
people. (Baseline: 11.1 per 1,000 in 1986) 
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7.7 Reduce rape and attempted rape of women aged 12 and older to no more than 108 per 
100,000 women. (Baseline: 120 per 100,000 in 1986) 

Incidence of Rape and Attempted Rape 
(per 100, 000) 

1986 Baseline 2000 Target 

7.7a Women a~ed 12-34 250 225 

7.8 Reduce by 15 percent the incidence of injurious suicide attempts among adolescents aged 
14 through 17. (Baseline data available in 1991) 

7.9 Reduce by 20 percent the incidence of physical fighting among adolescents aged 14 
through 17. (Baseline data available in 1991) 

7.10 Reduce by 20 percent the incidence of weapon-carrying by adolescents aged 14 through 
17. (Baseline data available in 1991) 

7.11 Reduce by 20 percent the proportion of people who possess weapons that are 
inappropriately stored and therefore dangerously available. (Baseline data available in 
1992) 

7.12 Extend protocols for routinely identifying, treating, and properly referring suicide 
attempters, victims of sexual assault, and victims of spouse, elder, and child abuse to at 
least 90 percent of hospital emergency departments. (Baseline data available in 1992) 

7.13 Extend to at least 45 States implementation of unexplained child death review systems. 
(Baseline data available in 1991) 

7.14 Increase to at least 30 the number of States in which at least 50 percent of children 
identified as neglected or phySically or sexually abused receive physical and mental 
evaluation with appropriate followup as a means of breaking the intergenerational cycle 
of abuse. (Baseline data available in 1993) 

7.15 Reduce to less than 10 percent the proportion of battered women and their children 
turned away from emergency housing due to lack of space. (Baseline: 40 percent in 1987) 

7.16 Increase to at least 50 percent the proportion of elementary and secondary schools that 
teach nonviolent conflict resolution skills, preferably as a part of quality school health 
education. (Baseline data available in 1991) 

7.17 Extend coordinated, comprehensive violence prevention programs to at least 80 percent 
of local jurisdictions with populations over 100,000. (Baseline data available in 1993) 

7.18 Increase to 50 the number of states with officially established protocols that engage 
mental health, alcohol and drug, and public health authorities with corrections 
authorities to facilitate identification and appropriate intervention to prevent suicide by 
jail inmates. (Baseline data available in 1992) 
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Part 1: 
Selected Injuries 



Introduction 

In 1988, 48,022 Americans died from unintentional injuries not related to motor vehicles. 
Most injuries occurred in leisure activities and in homes, although an inexact number were 
occupational (see the Occupational Injury Prevention PaneFs report). Although most of 
the nonfatal injuries are scratches, bruises, and minor burns that heal quickly and are 
forgotten, significant numbers are quite serious. Thousands more Americans were severely 
injured but not killed. A national plan for this group of injuries should focus mainly on the 
factors that cause death, permanent damage (burn scars, brain and spinal cord injury, loss 
of limbs) or substantial hospitalization and medical care costs (hip fracture). 

As members of the Home and Leisure Injury Prevention Panel, we have selected five types 
of unintentional injuries that deserve attention in the national agenda, either because they 
contribute enormously to morbidity and mortality or because they highlight the need for us 
to apply known prevention strategies and to develop research and new prevention strate­
gies: 

• Falls 

• Drownings 

• Poisonings 

• Fire- and burn-related injuries 

• Firearm injuries 

These five injury types are also emphasized in the U.S. Department of Health and Human 
Services' Health Objectives for the Nation, detailed in the Appendix. 

Because of space limitations, we cannot discuss every injury in detail. This does not imply 
that nothing should or can be done about these other injuries. On the contrary, with all 
severe injuries we should emphasize better surveillance of circumstances, expertise in the 
choice of interventions, and the implementation of known solutions for known problems. 
Less understood problems can be clarified by research. Resources to implement and 
evaluate these approaches must be identified. 

General Scope 

In 1986, more than 1,000 U.S. deaths occurred in each of the following categories of injury: 
falls, drownings, poisonings, fires and burns, choking on food and other substances or 
objects, firearm use, and machine use in agriculture, industry, building, or maintenance. The 
numbers of deaths and population-based rates in 1980-1986 for these types are presented 
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in Table 1, along with data on the aggregated lIotherll deaths and motor vehicle-related 
deaths. Despite a slight decrease in some of these rates from 1980 to 1986, in 1986, 48,410 
people died from unintentional injuries unrelated to motor vehicles. These deaths ac­
counted for 32% of the total injury deaths. 

Costs 

In a 1989 report to Congress, the lifetime costs in 1985 wen' approximately $21.0 billion for 
falls, $2.8 billion for fire- and burn-related injuries, $8.5 billion for poisonings, $2.1 billion 
for drownings or near-drownings, and $14.4 billion for firearm injuries (1). Rice and 
colleagues estimated lifetime costs of injury, using the human capital approach to valuing 
life. Productivity lost through premature death and disability is considered an indirect cost 
of injury. These are conservative estimates and do not include costs associated with pain 
and suffering or property damage from fires and firearm use. 

Hospitalization and disability data are not available for several of the categories listed in 
Table 1 because few hospitalizations for injury are coded by circumstances. The costs of 
the other types of injuries in Tab1e 1 are not estimated separately in that report because of 
a lack of detailed information. 

Surveillance and Injury Control 

The recommendations that follow emphasize the need for surveillance activities for all 
injuries. Surveillance activities at the federal, state, and local levels that rely on consistent 
definitions of injury are necessary for our complete understanding of injury control needs. 
Local investigations of injury events, including mapping of injury conditions, can yield crucial 
data on incidence, location, and circumstances. In addition, morbidity and mortality data 
E-coded from uniform hospital discharge data, emergency department data, and medical 
examiners are needed to describe injury circumstances. Surveillance at the state and local 
levels is needed to ensure that injury control measures are aimed at populations at highest 
risk and at the factors that place them at highest risk. Injuries that are not prominent in 
national data may be so in certain localities. 

Two of the difficulties in forming a surveillance plan for a wide variety of injuries are the 
diversity of possible classifications - the types of energy exchange involved, the various 
reservoirs and conveyances of energy, the various places injuries occur - and the different 
characteristics that increase risk among different population groups. For example, drown­
ings and fire- or burn-related injuries predominate among children; poisonings, drownings, 
and falls frequently involve those 15-64 years old; and falls stand out in persons 65 and older 
(Table 2) (2). 

Seleted Injuries-Introduction 
262 



Number of Deaths and Rate Per Population of Major Causes of 
Unintentional Injury Deaths 

United States, 1980 • 1986 

Table 1 

1980 1981 1982 1983 

Motor Vehicle 51,930 50,196 44,713 43,428 

Per 100,000 Pop. 23.4 22.4 19.7 19.0 

Falls 13,294 12,628 12,077 12,024 

Per 100,000 Pop. 5.9 5.5 5.2 5.1 

Poisonings 4,331 4,523 4,733 4,633 

Per 100,000 Pop. 1.9 2.0 1.9 1.9 

Drownings 7,257 6,277 6,351 6,353 

Per 100,000 Pop. 3.2 2.7 2.7 2.7 

Fire- and 6,016 5,889 5,364 5,167 
Burn-Related 
Injuries 

Per 100,000 Pop. 2.7 2.5 2.3 2.2 

Aspiration 1,306 1,263 1,407 1,562 
(Non-food) 

Per 100,000 Pop. 0.6 0.5 0.6 0.7 

Aspiration (Food) 1,943 2,068 1,847 1,825 

Per 100,000 Pop. 0.9 0.9 0.8 0.8 

Firearm 1,955 1,871 1,756 1,695 

Per 100,000 Pop. 0.9 0.8. 0.8 0.7 

Machinery 1,471 1,488 1,403 1,277 

Per 100,000 Pop. 0.7 0.6 0.6 0.5 

Other 16,215 14,501 14,431 14,524 

Per 100,000 Pop. 7.3 6.2 6.2 6.2 

Source: (2) 

1984 

45,208 

19.6 

11,937 

5.0 

4,911 

2.1 

5,388 

2.3 

5,152 

2.2 

1,786 

0.8 

1,755 

0.7 

1,668 

0.7 

1,277 

0.5 

13,829 

5.9 

1985 1986 

44,822 46,867 

19.2 19.9 

12,001 11,444 

5.0 4.7 

5,098 5,740 

2.2 2.4 

5,316 5,700 

2.2 2.4 

5,114 4,969 

2.1 2.1 

1,888 1,983 

0.8 0.8 

1,663 1,709 

0.7 0.7 

1,649 1,452 

0.7 0.6 

1,288 1,202 

0.5 0.5 

14,618 14,211 

6.0 6.0 
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Table 2 

Major Unintentional Causes of Injury Deaths 
(Excluding Motor Vehicles) 

United States, Percent by Age in 1986 

Age at Death (yrs) 

0-4 5-14 15-64 65+ 

Falls 4.6 3.2 11.8 38.7 

Poisonings 2.2 2.1 18.3 4.2 

Drownings 29.2 34.2 16.7 3.9 

Fire- and 26.1 17.3 8.0 8.5 
Burn-Related Injuries 

Aspiration (Nonfood) 5.0 1.1 1.3 7.5 

Aspiration (Food) 5.2 1.1 2.0 5.2 

Fir .... arms 1.3 11.1 4.9 1.1 

Machinery 1.6 2.6 4.3 2.4 

Other 24.8 27.3 32.7 28.5 

Source: (2) 

We are not implying that these in­
jury categories reflect similar cir­
cumstances among various age 
groups. For example, we know that 
severe injuries from falls among the 
elderly usually involve relatively 
low energy exchanges but that se­
vere falls among children are usu­
ally from heights. Moreover, 
different patterns of injury and se­
verity are found in different income 
groups and in different regions of 
the country. Nevertheless, there 
are similarities in injury patterns 
and approaches to injury control 
that have permitted substantial re­
ductions of injuries in a few docu­
mented cases. These cases can 
serve as models for preventing 
other unintentional injuries. 

In addition to implementing model 
interventions, research is needed to 
develop new ones. For example, 

research on biomechanics - the study of the mechanical forces that cause trauma to human 
tissue - has led to safety advances in the motor vehicle field, such as air bags, safety belts, 
child restraints, and motorcycle helmets. This same type of research can lead to interven­
tions that reduce the severity offalls. For example, hip pads and other devices that prevent 
or reduce injuries from falls among the elderly are possible topics of biomechanics research. 
Similarly, biomechanics research can focus on the effects of the muzzle velocity of firearms 
and the characteristics of ammunition. 

Examples of the Model at Work 

Successful programs to prevent definable injuries or reduce their severity provide the outline 
for a plan to accelerate reductions. Programs that have successfully reduced injuries as 
diverse as aspirin poisoning, burns from ignited sleepwear, and falls from windows have had 
several common elements: adequate surveillance to define the circumstances of the injury, 
recognition of an action that would probably reduce incidence or severity, and action by 
those in a position to initiate intervention. 
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The following common elements appear to be associated with most of the injury reductions 
resulting from these inteIVentions (3): 

• SUIVeillance of the injuries reveals that the pattern of injury circumstances is fairly 
obvious and consistent among exposed populations. 

• A countermeasure exists in the form of a product or environmental modification that 
eliminates the hazard or reduces it demonstrably. 

• The countermeasure, its cost, and the need for behavior change are accepted by the 
public, are sufficiently minor to be of little significance, or are overlooked entirely. 

• Manufacturers and designers are persuaded or required to institute countermea­
sures. (As technology advances, some interventions - such as smoke detectors­
represent profitable new markets for manufacturers.) 

"' The injury-producing product or environment is susceptible to relatively rapid 
modification or replacement over time. 

• The need for behavior change by users is minimal. 

In addition, national, state, and community coalitions of professionals as well as political 
and other leaders are needed in most areas of injury control if the model is to be imple­
mented. 

When manufacturers of children's aspirin were made aware that a significant number of 
child poisonings were the result of ingestion of their product, they reduced the dosage per 
package and modified the packages to reduce the ability of children to open them. Child 
poisonings from aspirin thus were reduced 80% (4). 

After Congress amended the Flammable Fabrics Act in 1967 to permit broader regulation 
of clothing, the Information Council on Fabrics Flammability, a consortium of repre­
sentatives from industry, government, and medicine, worked for passage of the two Chil­
dren's Sleepwear Standards in 1972 and 1975 (5). The Consumer Product Safety 
Commission (CPS C) estimated that, in 1982,97% fewer children aged 0-14 years died from 
burns caused by clothing ignition than died in 1970. 

During the 1960s, personnel at the New York City Health Department noticed that about 
30 to 60 children per year were being killed in falls from heights. A surveillance project to 
identify the circumstances was launched, and the findings indicated that 85% of the deceased 
children who were less than 5 years old, and 61 % of those who were less than 15 years old 
had fallen from windows in high-rise buildings (6). With the "Children Can't Fly" program, 
the health department persuaded landlords and apartment owners to install window guards 
that children could not reach (7) and later required the guards if a tenant requested them. 
By 1980, the deaths to children from falls from heights were reduced to about four per year 
(8). 
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These examples of modest but important successes convince us that a systematic approach 
to identifying relatively homogeneous injuries, identifying amelior.ative approaches that are 
relatively easy to implement, and organizing responsibility to implement and monitor injury 
prevention programs can substantially reduce common injuries. Clearly, some causes of 
injuries are national in scope (aspirin poisoning, ignited sleepwear), whereas others are 
regional or local (falls from high-rise apartment buildings). Personnel working at each of 
these levels must recognize their injury reduction roles and coordinate efforts to avoid 
duplicating their work or working at cross purposes. 

Interventions that have reduced injuries or their severity include redesigned refrigerator 
and freezer doors to prevent child entrapment, ground-fault circuit interrupters, automatic 
stops for walk-behind lawn mowers, devices to prevent chain-saw kickback, and smoke 
detectors. 

Other injury control efforts that have a reported effectiveness but that have not been 
uniformly applied include educating nurses and monitoring patient falls in a hospital (9), 
counseling parents about infant falls (10), installing fences with self-latching gates around 
public and private pools (11), requiring smoke detectors in homes (12), using breakaway 
bases for softball (13), organizing the community to prevent burn injuries (14), using group 
discussion in the community as an educational tool to reduce all injuries (15), requiring 
flame-retardant sleepwear (16), using child-resistant containers for various substances 
(17, 18), redesigning coffee maker filters to prevent spills (19), and instituting a community­
wide bicycle-helmet program addressing lack of awareness, peer pressure, and cost (20). 

Recommendation: Federal, state, and local health agencies, academic institutions, other 
private and not-for-profit agencies, and community-based organizations interested in home 
and leisure injury prevention should collaborate on nationwide efforts in surveillance, 
research, risk-factor assessment, and intervention strategies. Such coordination will pro­
mote consistency of data and avoid duplication of effort. These tasks should also focus on 
people in racial and ethnic minority populations and on women, both to understand risk 
factors and causes of injuries and to reach these high-risk populations with effective 
prevention strategies. 

Alcohol Policies 

Alcohol is implicated as a contributing factor in many types of injuries. Two policies 
regarding alcohol have been particularly effective - the 21-year-old legal minimum drink­
ing age (21) and alcohol taxation (22). Although the 21-year-old drinking age has been 
adopted in all states, recent evidence suggests that the law is not being uniformly enforced. 
Moreover, inflation has eroded the effect of alcohol taxes. 
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Because these policies affect home and leisure injuries as well as motor vehicle-related 
injuries, we reiterate and endorse the recommendations of the Surgeon General's Work­
shop on Drunk Driving (23): 

• Equalize federal excise tax rates by ethanol (pure alcohol) content for all beverages 
by raising rates for beer and wine to that for distilled spirits. Adjust the resulting 
equalized excise tax rate to reflect the change in the Consumer Price Index since 
1970, and, in the future, annually adjust the resulting excise tax rate to reflect changes 
in the price index for the previous year. 

• Strengthen enforcement of underage drinking laws with penalties for purchasers, 
sellers, and server~. 
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Falls 

Where We Are 

Dimensions of the Problem 

Accounting for one out of five injuries and one-third of hospitalized injured persons, falls 
are the leading cause of an nonfatal injuries (1). Fall injuries result in morbidity conditions, 
such as hip and other fractures and head injuries (especially among children). They are the 
second leading cause of death from unintentional injuries after motor vehicle crashes 
(Table 1). 

Each year, a fourth of all persons 65 to 74 years of age and a third or more of those aged 75 
or older report a fall (24). Falls and fall-related injuries occur at every age, but the 
vulnerability and the longer recovery periods of old age make falls and other mobility-related 
injuries a serious threat to the health and functioning of older persons. Each year, more 
than 10,000 deaths among older persons in the United States are attributed to falls and 
fall-related injuries (25). The true number of deaths in which a fall is a contributing factor 
is likely to be much higher because of the way information is reported on death certificates. 
For example, the immediate cause of death might be pneumonia, which would not have 
occurred if an elderly person had not been bedridden because of a fall. 

In 1985, falls among children ages 0 to 19 accounted for 328 deaths, 122,693 hospital 
admissions, and 3.6 million emergency department visits (26). Children under the age of 5 
are at increased risk for fall injuries (0.5/100,000) (27). The incidence of childhood fall 
injuries is highest in infancy and declines throughout childhood (0.2/100,000 at ages 5-14). 
This decline is believed to be associated with the developmental process (28). For babies 
under 1 year of age, falls often involve furniture such as changing tables or baby walkers. 
Among toddlers, fatal falls are more common from windows or on stairs. As the child gets 
older, falls from roofs or playground equipment, bicycles, and horses are more common. 
When falling from a Tow surface (bed, walker, changing table, or step), children are at a 
substantial risk of head injury because of their relatively large head mass. Falls from heights 
greater than 10 feet are usually from windows for infants and toddlers, and from playing 
areas (trees, fire escapes, or roofs) for older children (7). 

Costs 

The total lifetime cost of falls in 1985 was an estimated $37.3 billion (1). With growing 
recognition of the costs of falls and related injuries, the federal government has recently 
targeted the reduction of falls among older Americans as a major public health objective 
(25,29). 
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The lifetime cost of injury for people 65 and older is estimated to be $14.9 billion, of which 
nearly $10 billion can be attributed to falls (1). In addition to costs, fall-related injuries place 
a considerable physical and psychological burden on older people, their families, and society 
at large. Although serious fan injuries among children and young people ages 0 to 25 years 
are less frequent, most injuries during the first several years of life are due to minor falls 
from low levels. The estimated cost for injuries among this age group is $10.2 million 
because of their longer life expectancy relative to the elderly population. About 70% of 
these costs ($7.2 million) are indirect morbidity costs that reflect losses in productivity due 
to disability in a young population (25). Major cost savings could result from reducing the 
severity of falls at all ages. 

Surveillance 

Nonfatal falls associated with products such as floors, stairs, and bicycles are counted in the 
National Electronic Injury Surveillance System (NEISS), but other falls are not counted 
except in hospitals with adequate systems for E-coding and tracking injuries. 

Research 

Research on children's falls has focused on products. One good analytic study, however, 
has documented the relative risk of falls related to alcohol use among adults (30). Studies 
have also focused on when and where fall-related injuries occur. For example, in a study of 
falls among the elderly in Miami Beach, Florida, 74% of the falls occurred during daylight 
hours and 54% occurred in and around the home. For 38% of those that occurred in the 
home, more specific information was available: 42% occurred in the bedroom, 34% in the 
bathroom, 9% in the kitchen, 5% on the stairs, 4% in the living room, and 6% in other areas 
(31). Although few falls result in serious injuries or deaths, falls and other mobility problems 
are often associated with loss of confidence in the ability to function independently, 
restriction of physical and social activities, increased dependence, and an increased need 
for long-term care (32). Among persons 65 years of age and older, less than 50% of those 
hospitalized after a fall return home. 

Programs 

Research has shown that gait and balance disorders, use of psychoactive drugs, exposure to 
new surroundings, and poor environmental conditions (such as stairways) are risk factors 
for falls among the elderly (29). Several strategies aimed at reducing known risk factors 
appear promising and, in fact, are being implemented on a limited basis, albeit without any 
rigorous testing to document specific outcomes in particular populations. They include the 
following: 

• Multidisciplinary geriatric assessment of older people at risk for falling to identify 
and ameliorate possible risk factors. 

• Careful assessment and monitoring of older people's medication use (particularly 
drug-drug interactions, including drug-alcohol interactions) to reduce falls and hip 
fractures (see Year 2000 Objective 9.7 in the Appendix). 
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• Exercise programs to improve gait, balance, and muscle mass. 

• Public and professional education to identify home hazards and stimulate appropri­
ate behaviors. 

• Environmental modification of the living quarters of elderly persons consistent with 
universal design philosophy (with attention to floor surfaces, lighting, bathrooms, 
stairs, traffic patterns, and accessibility) to reduce or eliminate hazards. 

• Close monitoring of older people during the first few weeks of institutionalization 
and when they are moved to new units. 

Promising fall-injury prevention efforts for children are underway at the state and national 
levels. For example, the Utah Department of Health and the New York City Health 
Department are successfully targeting injury prevention on playgrounds. A valuable na­
tional resource is the CPSC, which provides free handbooks on preventing fall-related 
injuries on playgrounds. Another national effort, the 'National Safe Kids Campaign," 
promotes helmet use among children who ride bicycles. 

To be effective, fall-prevention programs must avoid unintended negative consequences. 
For example, encouraging physical activity without proper supervision or attention to risk 
factors in the environment may actually cause injuries. In addition, programs designed to 
reduce injuries should measure a broad range of outcomes. For example, effects on older 
persons' quality of life (e.g., their autonomy and independence) are important outcomes. 
Studies on fall injuries should address as well the variety of circumstances, the seriousness 
of the injury, and the older person's pattern of life. 

Where We Want To Be 

Research 

Despite the relatively high incidence of fall-related injuries, especially among older people, 
we are just now beginning to document the complexity of biomedical, behavioral, and 
environmental risk factors in childhood and later life and to identify strategies for modifying 
known risk factors. Although our research investment in this area has increased markedly 
within the past 5 years, many critical research needs remain, including the following: (a) 
understanding how physiological, behavioral, and environmental factors combine to put 
particular age groups at special risk; (b) designing and evaluating biomedical, behavioral, 
and environmental interventions; and (c) integrating efficacious interventions into existing 
medical and public health services in both community and institutional settings. The 
heterogeneity of the older population requires that we develop interventions for preventing 
injuries in relatively healthy people as well as for reducing injuries and their consequences 
in very frail, functionally disabled populations. 
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Areas needing further study include the following: 

o The accuracy of fall and injury reports. 

• Specific locations and circumstances of falls. 

• Risk factors and risk relationships, especially the underlying mechanisms of falls and 
the interaction among risk factors as they change over time. 

• Falls on stairs, including types of handrails; lighting; and step height, width, size and 
placement. 

• Fall prevention programs, especially their specific components and any unintended 
negative effects they may produce. 

Programs 

The following interventions are known to reduce the incidence or severity offalls and should 
be targeted at high-risk populations: 

• Installing window guards for high-risk houses and tenements, enforced by regulations 
such as those of New York City's the "Children Can't Fly Program." 

• Installing safety equipment, such as gates, where risk of falls is present. 

• Educating parents about the potential risks of falls (from baby walkers, stairs, 
windows, and changing tables). 

• Prohibiting the manufacture of baby walkers (33, 34). 

• Changing building code standards in order to reduce the space required between 
bannister railings from 6 to 4 inches. 

• Monitoring medication among elderly patients. 

• Promoting exercise for agility and strength among the elderly. 

• Using sound environmental design in living quarters for the elderly. 

The biomedical, behavioral, and environmental interventions being developed hold promise 
for preventing falls among the elderly, reducing the extent of their injuries, and limiting costly 
health care expenditures. Efforts to prevent the consequences of osteoporosis, either by 
strengthening older women's bone structure, increasing their awareness of hazardous 
behaviors, or instituting creative environmental modifications to buffer the effect of falls, 
could do much to reduce the estimated $7 billion cost associated with hip fractures or to 
reduce the incidence of vertebral fractures. For example, a new study suggests that an 
assessment of ambulatory nursing home residents can reduce their hospitalization that 
would result in an estimated yearly savings of $600 million (35). 
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How We Get There 

Federal (}overnrnent 

• Support epidemiologic surveillance of fall injuries to identify circumstances and 
specific locations of falls. 

• Support analytic studies of major factors contributing to fall injuries, including 
biomedical, behavioral, and environmental risk factors for injuries in later life (e.g., 
mobility, the effects of estrogen and calcium on osteoporosis, the effects of psychoac­
tive and other drugs, the effects of polydrug use, the effects of alcohol use, personal 
risk factors, and environmental factors) and the interaction of these risk factors with 
age. 

• Fund local injury prevention workers to interpret and act on results of surveillance 
and analytic studies. 

• Develop and disseminate prevention programs. 

• Ban baby walkers, which apparently cannot be made safer. 

• Develop standards for changing tables and high chairs. 

• Develop safety standards for playground equipment. 

• Increase support of clinical trials to test strategies for injury reduction and rehabili­
tation in later life (e.g., avoidance of hazardous behaviors, increased exercise and 
physical activity, and the use of hip pads or other new devices). 

State and Local Governments 

• Conduct sUIveillance of the circumstances and specific locations of fall injuries. 

• Develop, revise, or enforce standards for residential facilities for the elderly on the 
basis of the best evidence of optimal designs for stairs, rails, and grips. 

• Require helmet use during recreational activities associated with significant head 
injury rates, such as bicycling, horseback riding, surfing, and snow skiing. 

• Encourage research on optimal living designs, ensure that public and private building 
designs and codes take injury surveillance results into account, and enforce building 
code regulations that reduce major factors contributing to fall injury and its severity. 

Private Organizations 

• Health care providers should encourage increased clinical counseling of parents and 
caregivers regarding the risk of children faIling from elevations, the need to stop using 
baby walkers, and the need to begin using barriers for stairs. 

• Insurance companies should provide financial incentives, such as lower premiums, 
to encourage consumer compliance with safety standards. 
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• Health maintenance organizations (HMOs) and pharmacies should more vigilantly 
monitor the use of prescribed drugs, especially combinations of drugs that are likely 
to impair vision, gait, coordination, and judgment. In addition, HMOs and pharma­
cies should consider placing warning labels on drugs that may increase the incidence 
of falls and injuries among the elderly. 

• Businesses should not serve or sell alcohol to intoxicated persons. 

Academic and Research Institutions 

• Conduct analytic studies mentioned under "Federal Governmentll (page 273). 

• Conduct clinical trials to test strategies (e.g., avoidance of hazardous behaviors, 
increased exercise and physical activity, and use of hip pads or other new technolo­
gies) for fall injury prevention and rehabilitation in later life. 

• Conduct analytic studies of stairs, innovative barriers, warnings, and alarms to 
prevent falls. 

• Evaluate how fall injuries might be prevented by the use of hip pads, residential 
facility standards, and the quantity and quality of residential facility staffing. 
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Drownings 

Where We Are 

Dimensions of the Problem 

In 1986, drownings (along with poisonings) were the third most common cause of death by 
unintentional injury in the United States (Table 1). 

Drowning rates are highest for children under 5 years of age and for people from 15 to 24 
years old (36). Drowning death rates are almost four times greater for males than for 
females, according to National Center for Health Statistics data for the years 1978 through 
1984 (36, 37). The male-female difference in drowning rates is evident in every year from 
childhood through mature age (37-39). 

Native Americans have the highest rates of drowning in the United States. This may reflect 
the fact that substantial numbers of ative Americans live in Alaska, which has the highest 
drowning rate of any state (2). The high drowning rate in Alaska has been attributed to the 
cold temperatures of its natural bodies of water, the swiftness of its rivers, and the fact that 
so many people travel over water or are employed in jobs that entail exposure to water, like 
fishing and logging (27). The U.S. rates for blacks are disproportionate as well - twice 
those of whites (36, 40). However, white children from 1 to 4 years old have twice the 
drowning rate of black children of this age, largely because of drownings in residential 
swimming pools. More whites than blacks also drown in boat-related incidents. 

Costs 

Rice and colleagues (1) estimated the cost of drownings for 1985 at $2.5 billion. In this cost 
study, drowning was defined as a death resulting from suffocation within 24 hours of 
submersion in water, and near-drowning was defined as survival beyond 24 hours after 
suffocation from submersion in water (1). The numbers and costs would have been larger 
if the definition had included all drowning deaths, no matter how long after the event the 
death occurred, and submersions that required any life support procedure. 

Surveillance 

Surveillance systems for drowning are very limited. Few states and municipalities have been 
willing to make the investment needed to begin such surveillance activities. Where surveil­
lance activities are in place, they do not focus on aU conditions for drowning. For example, 
the Arizona Department of Health Services, in cooperation with Maricopa county and 
Phoenix city health and safety officials, has developed a drowning surveillance system that 
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collects data important to our understanding of all components of drowning, both 
environmental and behavioral (41). The system, however, focuses mainly on drowning 
among small children in swimming pool settings. Most of the collected information would 
be relevant to any drowning surveillance system, but it would have to be expanded to include 
settings other than pools. 

Each state needs to institute surveillance systems for injury conditions, including drowning. 
Such surveillance activities would need to be coordinated nationally in order to standardize 
definitions and monitor trends. In this way, we could monitor the number of drownings and 
partial suffocations and the effectiveness of innovative intervention strategies, involving 
legislation, technology, and education. The type of information to be captured by surveil­
lance systems includes demographic data, the circumstances surrounding the submersion, 
how the event occurred, the type and condition of any existing barriers, the type and use of 
flotation equipment, whether alcohol had been consumed, if and when cardiopulmonary 
resuscitation (CPR) was administered, what type of medical care was given, and the outcome 
of the incident. Surveillance of the circumstances and locations of drownings is essential for 
targeting specific interventions to specific circumstances. 

Research 

We have identified several known and suspected risk factors for drowning. Young children 
have a different set of risk factors than older persons. Childhood drownings usually occur 
in swimming pools, bathtubs, and buckets. Lapses in adult supervision caused by chores, 
socializing, or phone calls are some of the risk factors implicated in drowning among children 
under 5 years of age. The danger of drowning among children also increases with the 
number of children present because of the difficulty of supervising several children at once. 
A lapse in adult supervision does not have to be long - 46% of young pool drowning victims 
in the CPSC study were out of sight for 5 or fewer minutes (42). 

About 16% of drownings are associated with boating. More than 50 million persons engage 
in various recreational (noncommercial) boating activities on at least 8 days per year (43, 
44), and 90% of all recreational boating deaths result from drowning. Unlike motor vehicle 
operators, recreational boaters are generally not required to be licensed, and many have 
received no formal training in boat operation and safety procedures. The effectiveness of 
licensure and training is unknown. 

As many as one- to two-thirds of people who die in recreational boating incidents each year 
are found to have consumed alcohol just before death, although the baseline proportion of 
recreational boaters using alcohol at the same times and under the same conditions is not 
known. Therefore, the importance of alcohol as a risk factor for boat-related drownings 
needs to be clarified. 
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But we do know' something about alcohol. We know that males are more likely than females 
to drink alcohol when on or near the water. We know also that 36% of boat owners use 
alcohol during aquatic activities. This finding is similar to results of a 1976 Coast Guard 
Survey (45), in which 40% of boaters reported having carried alcohol on board during 
routine outings. Despite alcohol's suspected role in drowning, more research on drinking 
behaviors and blood alcohol concentrations during aquatic activities is warranted. In a 
North Carolina study of drownings from 1980 through 1984, 53% of 752 drowning victims 
15 years of age and older tested positive for blood alcohol, and 38% had blClod alcohol 
concentrations (BACs) of 100 milligrams per deciliter or more (46). 

Programs 

Some programs have intervened in drowning. In New York State, for example, the safety 
guidelines for the operation of public bathing facilities were revised in March 1988 to reflect 
much of the new information that had been disseminated in research literature on environ­
mental agents in water-related injury (47). Accordingly, for those facilities operated and 
regulated by the State of New York (natural waters and swimming pools), where safe diving 
and swimming were judged unavailable, diving boards were removed and diving prohibited, 
float lines and buoys were modified, and lifesaving equipment was upgraded (47). 

Researchers from Australia and New Zealand have found that mandated pool isolation 
fencing alone has nearly eliminated child drownings in pools in those countries (11, 48). 
(Inner fencing, also called isolation fencing, means that a fence completely encloses the pool 
itself, isolating the pool from the house and yard.) No comparable data are available for 
the United States; however, in a multi state study of drowning and near-drowning conducted 
by the CPSC in 1987, researchers found that pools in which children drowned were 
significantly less likely to have had pool isolation fencing than were matched control pools 
(42). The support for pool isolation fencing is growing. In the CPSC study, researchers 
found that almost 40% of households with pools and resident children under 5 years of age 
had pool isolation fencing. 

In one study in Phoenix, Arizona, researchers concluded that the presence of a pool isolation 
fence of adequate height could have prevented 35% of the drownings or near-drownings in 
pools (41). When combined with the findings about the role of inadequate gates and latches, 
we can assume that about 51 % of the incidents may be prevented by use of passive barriers. 
Governing bodies in the Phoenix metropolitan area have passed mandatory fencing laws 
and barrier codes, and an educational campaign by hospitals and fire departments for the 
high-risk summer season is aimed at increasing the public's awareness of childhood safety 
relating to water recreation. 
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Where We Want To Be 

Research 

We particularly need to know the circumstances of drownings involving Native Americans 
and blacks and of drownings associated with boating. For example, are blacks and Native 
Americans who drown less likely to know how to swim? If so, are the waters in which they 
drown swimmable or do cold or swift waters offset their ability to swim? Does being able 
to swim a short distance increase or decrease the likelihood that swimmers will get into 
trouble? We need research to establish firmly the relationship between alcohol use and 
water recreation injuries, including drowning. More research is also needed on nonpool 
drownings. 

Pool manufacturers have suggested swimming pool safety covers as an additional measure 
of drowning prevention. Research indicates, however, that children can become trapped 
and drown under certain types of pool covers and that very young children can drown in 
puddles of rain water that form on the surface of the cover (27). Pool covers have been 
accepted as an alternative to inner fencing for retrofit of existing pools without sufficient 
clearance for fencing. More research is needed, however, to determine the extent of the 
hazards that pool covers pose and the types of design modifications that could affect them. 
Research is also needed to determine the effectiveness of design changes such as energy­
absorbing pool bottoms. These types of interventions are promising both in preventing 
drownings and in preventing certain severe but nonfatal injuries, such as spinal cord injuries 
related to diving. 

Often, individuals and organizations have recommended that public education focus on the 
risks of drowning in all aquatic environments. This has not been evaluated in any state or 
local program. This untapped area of research should provide long-awaited answers about 
the effectiveness of programs already in use. Similarly, the effectiveness and timing of 
swimming programs for children as a strategy for preventing pool drownings has not been 
determined and warrants further research. 

Programs 

A pool isolation fence separates a residential pool from the house and yard. Such fences 
and self-latching gates should be mandated for all newly constructed and extant pools. The 
pool isolation fence should be at least 5 feet tall and otherwise comply with the CPSC 
guidelines. 

The CPSC warns that inflatable rings, flotation devices, and swimming lessons are not 
adequate substitutes for adult supervision (27). Data from the Arizona study suggest that 
although fencing and constant supervision are effective prevention strategies, neither alone 
will prevent all drownings and near-drownings in backyard pools. Because it is unrealistic 
to believe that parents can observe a child 100% of the time, the use of passive barriers is 
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essential. However, many incidents occur when an adult and child are inside a fenced area 
or already in the water. Therefore, the education of parents about their child's safety at a 
pool should complement the emphasis on passive barriers to the pool. In addition, pool 
owners, parents, and other caregivers should be trained in basic rescue techniques and CPR. 

Boat-related drownings occur under a variety of circumstances. Even so, there is an 
all-purpose prevention mechanism that can reduce this problem. Personal flotation devices, 
or life vests, can prevent many drownings, according to the U.S Coast Guard (27). These 
devices have been investigated widely, and we know that with their appropriate use during 
recreational boating, many drownings can be prevented. The Coast Guard and state and 
local governments, however, must enforce regulations requiring the use of personal flotation 
devices during all recreational boating activities. 

Few states now require standard training or licensure to operate recreational boats. Some 
states require a boating education course, but these requirements are usually restricted to 
persons who are under 16 years of age. We still do not know the effect that licensing or 
education has on boat-related drowning, so f~Jrther research is needed. Until we know more, 
states should require that boat operators demonstrate competency to operate boats of the 
size and engine power that they actually operate (27). At the 1981 National Conference on 
Injury Control, participants recommended that the sale and consumption of alcoholic 
beverages at boating, pool, harbor, marina, and beach areas be restricted (49). This 
proposed restriction still needs to be implemented. 

How We Get There 

Federal Government 

• Advance research on the circumstances and specific locations of drownings and 
near-drownings that result in hospitalization, with special attention to minority 
populations, to drownings associated with water other than that in pools, and to 
potential means of prevention. 

• Advance analytic studies of the characteristics of boats and motors involved in 
drownings and near-drownings. 

• Support evaluations of the effectiveness of drowning interventions - swimming 
lessons by age, pool supervision, the use of certain types of pool covers, the use of 
barriers to high-incident sites other than pools, diving board removal, and licensure 
and training for boating. 
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• Develop, evaluate, and disseminate effective prevention programs. 

• Fund analytic studies of alcohol's involvement with drowning in various settings. 

State and Local Governments 

• Conduct surveillance of circumstances and specific locations of drownings and 
near-drownings. 

• Promote CPR training for all pool owners and for teenagers and adults among 
populations with high drowning rates. 

• Require complete four-sided isolation pool fencing at least 5 feet high with self-clos­
ing latches for all swimming pools. 

• Promote licensure and standard training for all boat operators. 

• Enact and strictly enforce state laws that prohibit persons from operating boats while 
intoxicated. 

• Enforce requirements for having personal flotation devices for all persons on boats. 

Private Organizations 

• The pool industry should sell safety equipment as part of the pool purchase and 
should develop new and more effective prevention technology such as energy-ab­
sorbing pool bottoms to reduce diving injuries (e.g., head and spinal cord injuries). 

• The insurance industry should review actuarial drowning data and write homeowner 
insurance policies to reflect the presence of pools and spas, the presence of children 
under 5 years of age where a pool or spa is present, and the presence of protective 
barriers to pools and spas. 

• The American Red Cross and other organizations should promote isolation pool 
fencing; poolside phones; and CPR training for all pool owners and for teenagers 
and adults among populations with high drowning rates. 

• Private industry should deveJop technologies such as better personal flotation 
devices. 

Academic and Research Institutions 

• Conduct studies mentioned under "Federal Government," page 279. 
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Poisonings 

Where We Are 

Dimensions of the Problem 

In 1986, about 5,740 people died of unintentional poisoning. Fatal poisonings among young 
children declined from 226 in 1970 to only 55 in 1985, but poisonings among young adults, 
associated mainly with drug use, have increased. Nonfatal poisonings occur in substantial 
numbers among young children - each year 80,000 to 90,000 of these children are seen in 
emergency rooms and about 20,000 are hospitalized (18). 

Costs 

In 1985, poisoning was estimated to cost $8.5 billion; these poisonings included some suicides 
and attempts that were not considered separately from unintentional poisoning (1). This 
cost does not include nonacute poisoning from lead and other substances. 

Surveillance 

Data on poisonings are mainly obtained from death certificates and records of poison 
control centers. Drugs are a major source of fatal poisoning (73%). Prescription and other 
legal drugs account for most of these poisonings, although cocaine and heroin account for 
a growing number (50). 

Research 

Most research on poisoning has been aimed at young children and the effects of poison­
prevention packaging, the knowledge and use of ipecac syrup, and the availability of poison 
control centers. Major reductions in severe poisonings to children are associated with the 
introduction of child-resistant packaging of drugs and other household chemicals, but some 
backsliding in the use of such packaging has occurred. Ipecac syrup is effective for many 
ingested poisons, but it is rarely available to lower-income families or to childless households 
where children are visiting (27). Poison control centers have been found to be cost-effective 
but are in jeopardy because of losses in funding. Only 60% of Americans have access to a 
toll-free phone number for a poison control center. 
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Where We Want To Be 

Research 

Better identification of persons at risk for poisoning, particularly young adults, is needed. 
For example, how many persons who die of poisoning could have been identified by a 
previous, less severe episode that required medical attention? Drug education campaigns 
are often undertaken without research on the effects of the education on actual drug use. 
Research is needed to identify the effective programs and to weed out the ineffective ones. 

Programs 

Studies in New York State indicate that a net savings in medical care costs of some $18 
million is realized from the operation of six regional poison control centers (51). Funding 
for poison control centers among the states varies widely by amount and by source (52). The 
legislature provided that the centers be funded from hospital insurance revenues; however, 
funds are needed for 24-hour-per-day, 7-day-per-week coverage, particularly in rural areas 
where emergency rooms are often distant. 

How We Get There 

Federal Government 

• Support surveillance of the circumstances and locations of severe and fatal poison­
ings. 

• Support analytic research on the distribution of and access to both legal and illegal 
drugs. 

• Review standards for the packaging of drugs and household chemicals and tighten 
standards for child-resistant containers that are frequently involved in child poison­
ings while considering needs of the elderly. 

State and Local Governments 

• Support continued funding for poison control centers, including funding from insur­
ance and Medicare and Medicaid payments. 

• Provide a toll-free telephone number for information on poisons for people who do 
not have access to a local poison control center. 
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Private Organizations 

• Conduct campaigns to increase the availability of ipecac syrup in all households. 

• Cooperate with scientists in the evaluation of campaigns against drug use. 

• Discourage advertisers from linking alcohol use to sports activities and from spon­
soring television programs glam.Jrizing drug use. 

Academic and Research Institutions 

• Conduct analytic studies on the extent to which persons at risk for poisoning can be 
identified. 

• Conduct evaluations of the effectiveness of poison prevention and drug use treat­
ment programs. 
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Fire- and Burn-Related Injuries 

Where WeAre 

Dimensions of the Problem 

From 1980 to 1986, deaths from fires and burns declined (Table 1), perhaps largely because 
of the widespread adoption of smoke detectors. Nevertheless, fires remain a formidable 
cause of death, resulting in nearly 5,000 deaths in 1986. House fires cause three-fourths of 
all fire and burn deaths, with smoke inhalation and resulting carbon monoxide poisoning 
causing Nio-thirds of these deaths (1). 

Each year, some 54,000 persons are hospitalized from burns, and about 1.4 million people 
experience burns that do not necessitate their being hospitalized (1). A severe nonfatal burn 
is among the most devastating injuries a person can survive and may result in permanent 
scarring and disability. Scalds are the most common burn injury; and flame burns are the 
most severe (53). 

Groups at higher risk for fire or burn deaths include the very young, the elderly, and minority 
populations. Deaths due to house fires are highest among the very young and the elderly 
(2), whereas clothing ignitions occur mainly among the elderly (54). Children under age 4 
are at the highest risk of nonfatal burns (two-thirds from hot-liquid scalds) resulting in 
hospitalization. Cigarette lighters in the hands of very young children are a major cause of 
fatal fires (55). Males are at higher risk of both fatal and nonfatal injuries resulting from 
fires and burns, although the risk differences between the sexes are not as great as for other 
injuries (56). Elderly black males are at highest risk for death from residential fires; elderly 
black females are at a higher risk than whites of either sex (53). Eight states - Alabama, 
Alaska, Arkansas, Georgia, Louisiana, Mississippi, North CarOlina, and South Carolina­
have particularly elevated fire-related death risks, and fire- and burn-related deaths also 
tend to cluster in city neighborhoods. 

Costs 

Lifetime costs for fire- and burn-related injuries in 1985 were estimated to be $3.8 billion 
- $920 million in direct costs, $1.5 billion in morbidity costs, and $1.4 billion in mortality 
costs (1). 

Surveillance 

In many jurisdictions fire departments maintain data on types, locations, ignition sources, 
and property damage of fires that generate fire department response, and these depart~ 
ments can be a source for data on those fire-related injuries. Other burns (scalds, electrical, 
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and radiation) are not included, but have specific external-cause-of-injury (E) codes. 
However, since only a few of all the burn injuries occur in structural fires, hospital discharge 
records are the most useful source for data on burns. For use in surveillance, these data 
must be E-coded, since without this E-coding the type of burn (flame, scald, contact, 
chemical, radiation, or electrical) cannot be distinguished (57). 

Research 

The most common ignition source in house fires is a cigarette dropped on furniture or 
bedding (58). Clothing ignition is a major risk factor, particularly among the elderly while 
cooking (5). Thus, commercially viable flame-resistant housecoats and robes for older 
adults should be developed. Alcohol is involved in more than 40% of fatal fires (59), but 
analytic studies to determine relative risk related to general alcohol use have not been done. 
Gasoline-involved burn injuries accounted for 62% of all admissions of children aged 10-15 
years of age at a pediatric burn unit (60). More than two-thirds of the very young children 
hospitalized for burns were scalded when hot food or drinks were spilled on them (56). 

Programs 

Cigarettes can be manufactured to be less likely to ignite furniture (58); however, manufac­
turers have yet to do this. 

Smoke detectors and residential sprinklers also save lives. People living in homes without 
smoke detectors are twice as likely to die in fires as those in homes with detectors (61), 
Smoke detectors are now present in 83% of U.S. households, but about a third of the 
detectors do not function because of dead or missing batteries (62). Residential sprinklers, 
now technologically feasible, could protect all populations, particularly persons impaired by 
age, disability, or substance abuse. Installation of residential sprinklers is estimated to cost 
about 1% of the total cost of a new home (63). In addition to saving lives, the use of 
residential sprinklers could reduce insurance premiums and property damage costs (64). 

One state's legislation regulating the temperature settings of new hot water heaters has 
reduced injuries from exposure to scalding tap water, and resulted in a voluntary industry 
standard that requires heaters from the factory to be set at 1200 F (65). Mter identifying a 
particular design of coffee maker involved in many scald burn injuries, Danish doctors 
facilitated the redesign and aggressive marketing of a new coffee maker, which resulted in 
a marked reduction in such burns (66). Clothing ignition burns have been reduced by the 
use ofless flammable fabrics and more closely fitted garments (5). 
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Where We Want To Be 

Research 

Research is needed to determine possible causes for the high incidence of fire- and 
burn-related deaths in the eight-state "fire belt" and in particular city neighborhoods. 
Research should also focus on designing preventive int~rventions. Possible factors include 
poor housing construction, extensive use of space heaters, and use of space heaters in 
trailers. 

Special studies and in-depth investigations of burn events, particularly kitchen scalds and 
gasoline-fire burns, should be conducted to determine whether any product or environ­
mental modifications could prevent these injuries. 

Programs 

The National Institute of Standards and Technology is developing an ignition-propensity 
standard for cigarettes. When work is completed, all cigarettes manufactured or sold in the 
United States should be required to meet this standard. 

To assure that smoke detectors are effective, the nation should launch a media campaign 
to encourage people to replace their smoke detector batteries each fall when they change 
their clocks to standard time. In addition, the responsiveness of smoke detectors to actual 
smoke must be checked periodically to identify problems not related to the device's battery 
and ekctrical wiring. 

Spdnkler systems should be required in all new residential constructions. 

All ne·w bathroom fau.cets and shower heads should contain antiscald devices, and the 
thermostats on all hot water heaters should be preset at a maximum of 1200 F by the 
manufacturer. 

How We Get There 

Federal <;overnment 

• Support surveillance of the circumstances and specific locations associated with 
burns that result in fatalities or hospitalizations. 

e Support analytic studies of kitchen scalds, coupled with research by engineers and 
product designers to remedy correctable hazards. 
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• Advance analytic studies of burns involving gasoline, coupled with research by 
engineers and product designers to remedy correctable hazards associated with 
containers and storage. 

• Fund the development and evaluation of community-based prevention programs in 
high-risk urban and minority communities. 

• Support research on the problems of burns among older people and the influence 
of cognitive impairment, mobility, and environmental features as risk factors in order 
to devise preventive measures. 

• Require cigarettes sold in the United States to have a low potential for ignitirlg 
upholstered furniture. 

• Conduct an in-depth investigation of clothing-ignition burns in children to determine 
if the flammable fabrics standard for children's sleepwear is being undermined by 
the labelling of sleepwear as daywear. 

• Apply the flammable fabrics standard to loose-fitting housecoats and bathrobes now 
commonly worn by older persons who are burned while cooking and smoking. 

• Regulate disposable cigarette lighters to make them child-resistant. 

State and Local Governments 

• Conduct surveillance of the circumstances and locations associated with burns that 
result in fatalities or hospitalizations. 

• Collaborate with the CDC and CPSC in conducting in-depth investigations of 
clothing ignitions, kitchen scalds, and burns involving gasoline. 

• Require antiscald devices in new showers and t"bs. 

• Develop or enforce maximum hot water temperature regulations for residential 
institutions. 

• Develop, implement, and enforce codes to address burns in residences, including 
codes requiring smoke detectors, sprinklers in new housing, and antiscald devices in 
hot water systems. 

Private Organizations 

• Safety organizations should form a coalition among themselves and with local fire 
departments to launch a media campaign encouraging consumers to routinely 
change batteries in smoke detectors when clocks are changed to standard time each 
fall. 
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• Utility companies should check hot water temperatures when meters are read and 
recommend settings at 1200 F or less, if necessary. 

• The American Association of Retired Persons should push for the development of 
flame-retardant clothing for the elderly. 

• Insurance companies should support the installation of sprinklers in multifamily 
homes by reducing insurance premiums (Appendix, see Year 2000 Objective 9.16). 

Academic and Research Institutions 

• Conduct analytic studies mentioned under "Federal Government," page 287. 

• Evaluate fire department, community, and school-based fire and burn injury preven­
tion education. 

• Study the characteristics of appliances and utensils that may affect the incidence and 
severity of burns. 
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Firearm Injuries 

Where We Are 

Dimensions of the Problem 

In 1986, firearms accounted for 1,452 deaths classified as unintentional (Table 1), but when 
intentional firearm deaths (homicides and suicides) are included, the total firearm death 
toll is second only to that for motor vehicle-related deaths. In recent years, more than 31,000 
deaths, 65,000 injuries requiring hospitalizations, and an additional 236,000 less severe 
injuries have occurred annually from firearms (1). Although unintentional injuries from 
firearms account for only 5% of all firearm deaths, many potential interventions apply to 
both intentional and unintentional injuries from firearms. 

Costs 

The Cost of Injury report indicated that all firearm injuries (intentional and unintentional) 
cost the nation ab-8ut $14.4 billion in 1985 (1). The report did not distinguish between 
intentional and unintentional injuries. 

The firearm death rate is highest among males 15-44 years old, especially among blacks 
15-34 years old, white teenagers, and Native Americans (2). Until recently, handguns 
accounted for more than three-quarters of firearm deaths, but the recent increase in the use 
of machine guns and assault rifles may have changed the proportion. In the 1960s and 1970s, 
the increase in firearm deaths paralleled the increase in new firearm sales (67). Newspaper 
reports suggest that machine pistols and assault rifles increase the numbers of people hit by 
stray bullets. 

Surveillance 

Surveillance of the types of guns involved and the circumstances of firearm injuries is 
needed. How many injuries are sustained while hunting or cleaning weapons? How and 
where are children injured by firearms? (See Appendix, Year 2000 Objective 9.15.) 

Research 

Many of the effects of firearm characteristics and gun control apply to unintentional as well 
as intentional injuries. We have substantial evidence that in firearm deaths the intent ofthe 
assailant is usually less important than the lethality of the weapon. For example, the muzzle 
velocities of firearms and bullets range widely, creating energy ranging from 124 to 4,440 
foot pounds at close range, and the fragmentation of bullets in tissue greatly increases the 
severity of the injury. The international convention (Geneva Convention), requiring that 
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military bullets be fully jacketed and retain their original shape while moving through tissue, 
have not been applied to bullets sold for domestic use in the United States (68). 

Programs 

:Most firearm injuries occur in disputes among acquaintances and families in private resi­
dences (69). Comparison of assault rates and death rates between the United States and 
other countries suggests that assault rates are similar but that death rates are much higher 
because of the availability of firearms in the United States (70,71). The effectiveness of 
strict state and local gun control laws is limited by the transport of firearms from jurisdictions 
with little or no regulation. 

The regulation of firearms in the United States is a disorganized patchwork of federal, state, 
and local laws. A few weapons are banned by federal regulation, but such regulations have 
not kept up with the changes in weapons. Access to firearms is discussed in greater detail 
in the position paper on violence. Limiting access to firearms is a Year 2000 Objective (see 
Appendix, Objective 9). 

Where We Want To Be 

Research 

Studies of the circumstances of teenagers' and children's access to firearms in cases where 
they are injured while playing with firearms should help us devise countermeasures. Better 
research on the history of the firearms involved in such injuries might identify points where 
interventions are feasible. Analytic studies are also needed to determine the relative risk 
of injury from firearms and ammunition by various characteristics, such as firing rate, trigger 
tension, safety catches and locks, visible indicators that the firearm is loaded, muzzle 
velocity, and bullet shape and fragmentation. Also needed is research on how firearm 
injuries affect the psychology and social relationships of individuals and how they affect 
communities and their economies. 

Programs 

The public's desire for greater regulation of firearms (72) should be enforced through public 
policy. Regulation of the characteristics of firearms and ammunition should be commensu­
rate with their effect on the public's heath. Programs that promote safe procedures during 
target practice, hunting, and the cleaning of firearms are also needed. 
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How We Get There 

We observed that many of the Violence Panel's recommendations apply to unintentional 
as well as to intentional firearm injuries. (For the full text of the Violence Panel's recom­
mendations, see the panel's position paper.) We fully endorse all of the Violence Panel's 
recommendations. In particular, we endorse the panel's suggestions regarding the need to 
(a) minimize ready access to handguns and other firearms through a variety of strategies 
focused on three broad areas: educational or behavioral change interventions, technologi­
calor environmental interventions, and enhanced and new legislative or regulatory effort; 
and (b) continue rigorous scientific research to delineate with greater precision the risks and 
benefits of ready access to firearms. In addition, we make the following specific recommen­
dations: 

Federal <iovernnnent 

• Recognize firearm injury as a public health problem and establish the regulatory 
authority for promUlgating safety standards for firearms, addressing trigger locks, 
muzzle velocity, and visible indication as to whether the gun is loaded (see Appendix, 
Year 2000 Objective 9.15): 

• Establish the regulatory authority for promUlgating safety standards for all ammuni­
tion, applying the international laws (Geneva Convention) and current military 
ammunition safety standards. 

• Support surveillance of firearm injuries, including a history of the involved firearm, 
its make and model, characteristics of the weapon and ammunition, circumstances 
of the injury, storage of the weapon, and means of access. 

• Support analytic studies of characteristics of firearms and ammunition that are 
thought to increase the incidence and severity of injury. 

• Develop and implement prevention programs, including strategies to store guns in 
secure facilities outside of homes. 

• Evaluate the effects of firearm safety training on injuries. 

State and Local <iovernnnents 

• Collaborate with CDC in increased surveillance. 

• Enact legislation requiring waiting periods and background checks for firearm 
purchases and building codes for firearm storage. 

• Enforce extant regulations. 
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Academic and Research Institutions 

• Conduct analytic studies of characteristics of firearms and ammunition involved in 
injury. 

• Conduct evaluation of the effectiveness of firearm education and gun control laws 
and regulations. 

• Conduct research on the psychological, social, and economic effects of firearm 
injuries on the injured, the shooters, the families of both, and communities. 
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Part 2: 
An Infrastructure for 

Injury Control 



Organizational Structure and Coordination 

Where We Are 

Need for a National Lead Agency 

If injury mortality and morbidity are to be reduced, lead agencies, with the responsibility, 
authority, and a"0i1ity to conduct or support injury surveillance and injury control programs, 
must be established at the national, state, and local levels. Until these agencies are created, 
progress to reduce the overall injury toll will be limited. 

Without lead agencies to provide coordinated focuses of activity, efforts by individuals, 
professionals, and government agencies remain scattered. Available resources are not 
maximized, efforts are unnecessarily duplicated, and. time, energy, and funds are expended 
on isolated programs and research efforts that do not reduce injury mortality and morbidity. 
Effective lead agencies provide the leadership and vision to mobilize and guide the nation 
at the national, state, and local levels, helping organizations to achieve their injury control 
goals. 

In 1966, the National Academy of Sciences in its classic "white" paper, AccidentalDeath and 
Disability: The NeglectedDisease o/Modern Society, recognized this need for leadership (73). 
The academy recommended a national council "for coordination of information and advice 
on implementation of measures and regulations now vested in scattered private, industrial, 
and federal agencies, and for research, public education, and development of improved 
standards" (73). 

Almost 20 years later, in 1985, the National Academy of Sciences again published findings 
and recommendations on the injury problem in Injury in America (74). The key findings 
were as follows: 

• No central agency is responsible for reducing the incidence of injuries. 

• Reducing injuries requires coordinated effort among specialists in epidemiology, 
prevention, biomechanics, treatment, and rehabilitation; the number of specialists 
now trained in these areas is inadequate. 

• The result of the above inadequacies is that research efforts in injury are unfocused, 
lack continuity, and are undersupported .. Many gaps exist in efforts to prevent and 
treat injury and deal with its aftermath. 

CI 
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The key recommendations called for the following: 

• Establishment of a federal center for injury control within CDC to provide a single 
coordinated focus of activity that would give visibility to the importance of injuries 
as a public health issue and permit an organized program of effective action to 
address the problem. 

• Establishment of a level of funding for research on injury that is sufficient to meet 
the magnitude of the problem. 

This report led to the creation in 1986 of the Division of Injury Epidemiology and Control 
(now the Division of Injury Control) within CDC's National Center for Environmental 
Health and Injury Control. 

In 1988, the National Academy of Sciences was asked to review the division's progress and 
concluded that the IIfull intent of Injury in America cannot be fully realized unless organiza­
tional and program corrections are madell (75). The report added that IIcareful thought must 
be given to the mixture of skills of staff members and the balance between in-house activities 
and the extramural program .... There is a need for a national program plan.1I This analysis 
set the stage for the division to become the designated lead agency for injury control. To 
date, the division has fulfilled many but not all of the functions of a national lead agency. 
Much remains to be done, but with appropriate resource allocation and setting of priorities, 
the division can continue to move forward. 

Other Public and Private Organizations in Injury Control 

Numerous private organizations are involved in various aspects of injury control, but they 
operate independently, often duplicating efforts and not coordinating their efforts to meet 
common national goals. The CDC should identify these organizations and their roles. 

Public agencies and private safety organizations differ markedly in their objectives, range 
of activities, scope and manner of influence, and means of support. These variables directly 
influence every phase of injury control, including data collection and interpretation, the 
selection of intervention strategies, and overall program evaluation. These organization­
related differences are further compounded by frequent disagreements between re­
searchers and practitioners about priorities and intervention strategies. The CDC, using its 
leadership capabilities, must balance these perspectives and integrate them in the overall 
national strategic plan. 

Public Agencies 

Administrative and legislative agencies have interest in and responsibility for injury control 
at the federal, state, and local levels. Some discretionary funds exist, but most funding for 
injury control requires budgeting and appropriation authority that is approved by both the 
legislative and executive branches. Federal and state agencies set the overall direction and 
provide grants to local public and private agencies. These local public health and safety 
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agencies, often working collaboratively, provide direct services to the public. At present, 
limitations on funding hinder the activities of public health and safety agencies in injury 
control. 

• Strengths: Federal, state, and local government agencies often have resources, auton­
omy, influence, and visibility not available to private safety organizations. They have a 
relatively high degree of flexibility in setting priorities, and they can gain access to injury 
data that are not available to some private groups. Through their funding and compli­
ance programs, they can markedly affect the direction and amount of injury control 
activity within the private sector. In particular, government regulation at any level can 
produce advances in injury control that private efforts could never achieve through 
voluntary conformity. 

• Limitations: Budget cuts, administration changes, or the necessity to show tangible and 
immediate results can undermine a program's continuity and effectiveness, and make 
long-range planning difficult. Nongovernmental agencies funded by public funds usually 
cease activity when government support is no longer present. Public agencies frequently 
lack the broad-based network necessary to reach private sector groups that communi­
cate directly with at-risk target groups. The regulatory status of some public agencies 
impairs their perceived acceptability as advisors and educators. Safety regulations must 
be enforced on a continuing basis or compliance will decline. 

Private Agencies 

To maintain financial self-sufficiency, agencies are motivated to have a close and responsive 
relationship with their constituencies, enabling them to develop injury control programs and 
materials that satisfy user needs. Private safety organizations operate as intermediaries 
between government and the general public, including business and industry. Their organ­
izational objectives, means of support, and constituencies differ from those of the public 
sector and among themselves. Some organizations concentrate their efforts in a specific 
problem area, such as occupational safety and health or fires and burns; others, such as the 
National Safety Council and its chapters, address the entire range of problems associated 
with unintentional injury control. 

• Strengths: Private safety organizations can influence and support public policy and 
public agency programs in a nonpartisan fashion. They can marshall local support for 
injury control programs and, over time, create a social climate that facilitates the success 
of interventions. Historically, some private agencies have demonstrated more staying 
power or continuity of program effort than those in the public sector. 

• Limitations: Private safety organizations have trouble reaching certain at-risk target 
groups, particularly those at low socioeconomic levels. Program planning and develop­
ment is frequently less than optimal because of inadequate data on injury priorities and 
a lack of contact with professionals with expertise in the interpretation of data. The need 
to maintain fiscal self-sufficiency can seriously limit private sector organizations' range 
of activities and overall effectiveness. Because of the voluntary nature of private sector 
support for injury control, injury control programs often must be designed to correspond 
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with the interests and activities of cooperating nonsafety organizations, which may 
frequently change and often do not encompass injury control objectives. 

Universities 

Universities play an important role in injury control, a role that has not as yet been clearly 
defined by either the academic world or CDC. The traditional functions of universities -
research, teaching, and service - all have the potential to significantly affect injury control 
in this country. For many years, universities have served as the major focus for biomedical 
research in trauma care funded by the National Institutes of Health; more recently, some 
have been the major grantees of CDC's extramural research program. Eight Injury Control 
Research Centers (ICRCs) have been funded to establish multidisciplinary regional centers 
that integrate research and training in acute care, trauma care systems development, 
rehabilitation, and prevention, but they have only begun to function in this capacity and have 
yet to realize their full potential. 

Injury control professionals and specialists need to be trained by universities, that work with 
state and local health departments. The disciplines of medicine, public health, health 
sciences, nursing, emergency medical services, engineering, and architecture should be 
applied to the injury field. 

Universities also serve the communities, states, and regions in which they function. Few are 
now assisting in the development and evaluation of model injury control programs for 
specific target groups in their communities. 

Where We Want To Be 

To serve as a national lead agency, CDC's Division of Injury Control should be authorized 
to carry out the following functions: 

• Define the national injury problem for Congress and the nation. 

• Monitor the national incidence and distribution of injuries. 

• Collaborate with other agencies to determine national injury priorities and implement 
the research and intervention plan developed from this national agenda to address both 
injury and system problems. 

• Develop a national strategy for establishing a lead agency for injury control within each 
state and U.S. territory. This strategy should call for the division to (a) provide guidance, 
resources, and training to help each state and territory form its lead agency and (b) phase 
in grant support for each state and territory to devise its own injury control plans, to 
develop local lead agencies, to evaluate its efforts, and to disseminate the results of that 
evaluation. 
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• D~welop a national strategy to fund and utilize designated ICRCs and injury scholars in 
an effort to expand the research agenda to include national injury control priorities. The 
overall research strategy should include a plan for disseminating research data and for 
trans.}ating research into injury control interventions. Consideration should be given to 
funding the development of new technology to prevent known injury hazards. 

• Coordinate the deployment of existing national resources for injury prevention among 
federal agencies, state agencies, private safety organizations, corporations, and univer­
sities. 

~ Develop model legislation based on the results of national and state injury control data 
and program evaluation. 

• Monitor federal, state, local, and private organizations' progress in meeting national 
goals and revise national strategies accordingly. 

• Monitor what is being done nationally and internationally in the field of injury control 
and serve as a clearinghouse of information to states, universities, and public and private 
agencies. 

• Maintain the public and political visibility of injury control as a public health priority. 

How We Get There 

Federal <;Overnrnent 

Congress should -

• Establish a national Center for Injury Control. The center should serve as the nation's 
lead agency for illj!.lry control. 

• Appropriate adequate funding, at least $100 to $200 million, for the center to carry out 
a national injury control initiative. 

The CDC should -

• Staff the Center for Injury Control with professionals who have expertise in injury 
epidemiology, surveillance, research, program and system development, and evaluation. 

• Establish a national strategic plan that describes the activities of the center and sets the 
priorities of the grants program so that they will meet the national agenda. 

• Provide technical assistance, resources, and funding to states to create lead agencies that 
can carry out injury control programs at the state and local levels. Provide expert on-site 
technical assistance to assist states in surveillance, program development, and evalu­
ation. 

• Develop a national strategy to incorporate training in injury control within the disciplines 
of medicine, public health, nursing, health education, engineering, emergency medical 
services, public safety, social work, law, and business management. 
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• Develop mechanisms to translate injury research into injury control interventions. 

• Establish lead agencies with the responsibility, authority, and capability of conducting 
or supporting injury surveillance and injury control programs at the national, state, and 
local levels. 

• At the national level, CDC, as the lead agency, should define the national injury problem 
for the nation, determine national injury priorities, and use national expertise to create 
a national injury control plan. The CDC should develop a national strategy to carry out 
the plan by establishing state and local lead agencies; coordinating federal and state 
agencies, private safety organizations, corporations, and universities; and supporting 
research in injury and its control. 

State Government 

Many state laws authorizing state and local health departments have not been revised for 
more than half a century. The authority and responsibilities assigned to health agencies 
often do not reflect current mortality and morbidity patterns. State legislatures should 
revise public health laws so that the priorities of state and local health departments correlate 
with the severity of particular injury problems. 
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Training and Research 

Where We Are 

Injury in America states that a major impediment to injury control is a shortage of health 
professionals and other scientists with relevant training in injury control: "without knowl­
edgeable and interested persons trained in the sciences relevant to reseafl~h and program­
matic efforts, the injury toll from local, regional, and national conditions win continue" (74). 

There is an extraordinary need to train existing and future injury control personnel in public 
and private agencies at every level- federal, state, and local. The results of a recent survey 
of training needs of public health and traffic safety professionals indicate that the training 
needs are extensive and that the opportunities for meeting those needs are few. Nearly 
100% of public health professionals reported that they needed additional training. In 
addition 'to learning about specific injuries and the science of injury control, both public 
health and traffic safety professionals wanted training in "long-range planning, using data 
for planning, and advocating legislation and regulations" (76). 

The need for training has also been documented elsewhere. The Year 2000 Objectives for 
the Nation recommend that schools of public health include injury control in their curricula 
and increase faculty development and fellowships (25). Results of a survey conducted by 
the Education Development Center in 1989 (76) showed, however, that although nearly half 
of the schools of public health that responded now offer an elective course devoted to a 
particular cause of injury, "few provide overview courses on injury epidemiology and 
prevention'" Most importantly, injury control is not integrated into traditional course 
offerings. Reported barriers were lack of faculty expertise and interest, lack of training 
materials, lack of resources, competing priorities, and lack of student demand. 

The CDC now funds eight ICRCs in universities throughout the country. These centers 
educate graduate students in injury control research. Courses in injury prevention are often 
conducted for Master of Public Health (MPH) students. Two ICRCs at The Johns Hopkins 
University School of Public Health and Hygiene and the University of Alabama at Birming­
ham (DAB) conduct a training course every year for professionals of any discipline who are 
working to improve their knowledge and skills in injury control. In addition, the University 
of Alabama at Birmingham has a unique minority training program financed in part by the 
Nationwide Insurance Company. This program focuses on research techniques related to 
minority injury issues and provides summer training sabbaticals for minority faculty mem­
bers and their students from historically black colleges and universities. 
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In addition, the University of Michigan School of Public Health conducts a summer course 
in injury epidemiology and control, and the Public Health Service's Indian Health Service 
has begun an injury control specialist fellowship that includes a week at The Johns Hopkins 
University, the 3-week course at the University of Michigan, and a week of field training in 
surveillance and the choice of countermeasures. In addition, several of the 15 CDC-funded 
state and community-based capacity-building grantees have conducted a variety of injury 
control training programs for local public health professionals. Additionally, the Education 
Development Center has developed a curriculum accompanied by slides, called "Educating 
Professionals in Injury Control," which universities, health departments, and other agencies 
may purchase and use to educate students and staff. State and local governments can play 
an important role in both training and research. 

The CDC's Role in Training: In 1984, at the Association of Schools of Public Health CDC 
conference on injury control training, participants agreed that because training funds are 
limited, practitioners should receive first priority. Conference participants concluded that 
the most appropriate role for CDC in injury control training is curriculum development, 
resource identification, and technical assistance. . 

Epidemiology: Epidemiology is a key component of injury control. Epidemiologists study 
the characteristics of individuals, the environment, and exposure to injury agents that 
increase the risk for injury; conduct surveillance; and evaluate the effectiveness of preven­
tion programs. Epidemiologists have powerful analytic and experimental tools to apply to 
the field of injury control. These tools, applied by injury epidemiologists, will enable the 
injury control movement to progress beyond merely describing problems. 

Engineering: Engineers design the products and processes involved in most injuries. Yet in 
many engineering schools, product and process safety is not integrated into the curriculum. 

Ergonomics: The basic premise of ergonomics, which includes human factors, in the realm 
of injury control is that the human-made environment should be arranged or designed for 
human use. A number of factors are considered in the design process, including ( a) human 
characteristics, (b) human expectations, ( c) human behaviors, and (d) the environment in 
which humans live and work. A number of universities offer graduate programs for 
educating students about the knowledge base and methodologies for fitting the environment 
to the human rather than forcing the human to conform to the environment. The most 
common titles for these programs are ergonomics, human factors engineering, human 
engineering, human factors psychology, industrial hygiene, safety, and work or exercise 
physiology. 
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Architecture: The environment is recognized as an important contributor to the risk of 
injury, particularly injury occurring in the home and workplace. Considerable progress in 
injury prevention could be achieved by improving structural design standards, individual 
practices, and urban planning. For example, housing should be designed to minimize the 
risk of injury due to fires and falls, and community designs can promote child safety at road 
intersections. 

Health Communication: Professionals trained in the principles and techniques of health 
education and risk communication are needed to convey clear and accurate information on 
hazards, risks, and preventive options. Populations at risk and those who represent them 
- risk managers, policy makers, and the general public - need such information. En­
hanced communication among appropriate or participating sectors of society in an increas­
ingly risk-literate population will make it possible to change attitudes and perceptions about 
the value of measures to control and prevent injury hazards. 

School Health: There has been some discussion about using school health education to 
promote injury control among school-aged children .. Some school health education pro­
grams have been shown to be effective in addressing some health problems (e.g., teenage 
pregnancy), but none has been proven to be effective for injury control. If school health 
education in injury control is attempted, it is important that such education be rigorously 
evaluated by injury control professionals. 

Where We Want To Be 

In each of these disciplines, financial support is needed to improve curricula on injury control 
and to begin integrating more injury control material into undergraduate and graduate 
training programs. The development of a trained cadre of injury control investigators and 
practitioners requires investment in curricula development and education. 

Once a cadre of individuals has been developed, adequate support must be given to their 
research and intervention programs. This support should be at many levels: research to 
identify risk factors and injury hazards, development of safer products and environments, 
implementation of prevention programs, and evaluation of their effectiveness. Funding 
should be undertaken with the understanding that not all programs will succeed; however, 
advances in the field will be made only through supporting new, innovative ideas for injury 
prevention and control. 

During the next decade, advances in injury control will require adequate resources to 
accomplish the tasks we have outlined. Money alone, however, is not enough to accomplish 
the national goals of injury reduction. The critical factor is having knowledgeable and skilled 
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leaders who understand the science of injury control, program planning, and evaluation. A 
substantial cadre of professional people with expertise in injury control can be created by 
building on injury specialties within established disciplines, such as epidemiology, engineer­
ing, ergonomics, behavioral sciences, architecture, and health communication. 

How We Get There 

Federal <iovernEnent 

Training 

• The CDC should develop and implement a strategic plan for national training based on 
the national injury control strategy and sound educational principles. The plan should 
also be based on workforce needs, the roles and responsibilities of injury control 
professionals and the tasks they perform, existing training resources, faculty and learning 
materials, and training gaps and needs. The plan's goals should be to target specific 
audiences, establish learning objectives, develop model curricula, integrate injury con­
trol training into ongoing professional education, and establish evaluation criteria. 

To accomplish this, CDC should -

• Convene a group with appropriate expertise to work with CDC to devise a national 
injury control training plan. 

• Hire staff with expertise in educational technology to administer the development 
and implementation of the plan. 

• Provide a program to make grants for the development of components of the training 
plan. 

• Work with federal agencies that fund related professional training to require that 
such training include an injury control component or module (e.g., maternal and 
child health, preventive medicine, nursing, epidemiology, rehabilitation, trauma, and 
occupational health training programs). 

• Work with existing injury control training programs to help fill identified training 
gaps. 

• Create incentives for faculty and students, such as scholarships and fellowships in 
epidemiology, engineering, architecture, ergonomics, behavioral sciences, and 
health communications. 

• Appropriate sufficient funds to increase coordinated injury-related research and 
training within other relevant federal agencies. The goal is to integrate injury 
research and training with other priority issues such as child health, aging, and alcohol 
and drug use. 
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• Require and fund JCRCs to train their state and local health department staff as 
injury control professionals, and faculties at medical, public health and related 
professional schools. 

• Require and fund training of program staff as a component of state capacity-building 
grants. 

• Designate and fund a resource center that would collect and disseminate injury 
control curricula, learning materials, and aids and that would serve as a technical 
resource. 

• Support the development of model curricula, instructor training manuals, and 
learning materials and disseminate these nationally. 

Research 

o Injury control research priority projects - both intramural and extramural - must 
undergo scientific peer review to assure the strongest scientific base possible, laying the 
foundation for sound public health decision making. 

• The research agenda fotthe various federal agencies supporting research on injuries 
should be coordinated. As the lead agency for injury control in the federal government, 
CDC should collect information on the programs of other agencies and keep each agency 
abreast of what the others are doing and of the gaps identified in this report. The CDC's 
Advisory Committee for Injury Prevention and Control should review the various 
research programs at least annually and recommend the following year's program 
emphasis for research proposals. Research into the effectiveness and costs of injury 
control interventions and. problems associated with their implementation should be 
given top priority. 

• Federal resources should be invested in established programs and other communication 
channels to maximize national awareness about known injury risks and effective inter­
ventions. Communication specialists should be encouraged to emphasize the impor­
tance of injury relative to other public health problems afflicting society and to publicize 
available approaches to reduce the injury toll. The goal is to ensure that adequate 
resources are allocated and applied to injury control. 

Academic and Research Institutions 

• Educational institutions with injury epidemiology and control specialties and curricula 
should be granted the resources to expand such programs; those without such programs 
should be offered financial incentives to start them. 

• Engineering schools with existing injury prevention specialties, such as safety, should be 
provided the resources needed to expand; those without such programs should be given 
financial incentives to start them. The potential role of products and processes in injury 
control should be integrated into engineering curricula. 
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• Ergonomics programs should be funded to strengthen their research and course work 
in the area of injury prevention, and stipends for students interested in emphasizing 
injury prevention in their studies should be established. Ergonomics should be inte­
grated into machine-design courses in engineering schools. 

• Architectural design schools with programs emphasizing human factors and injury 
prevention should be provided the resources needed to expand; those without such 
programs should be given financial incentives to start them. 

• Schools should provide stipends for graduate students in the injury control field. At first, 
these efforts should provide support for postgraduate and fellowship training in injury 
epidemiology, safety engineering, ergonomics, architecture, health communication, and 
safety management. 
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Surveillance 

Where WeAre 

Surveillance has been defined as "the ongoing and systematic collectfton, analysis, and 
interpretation of health data in the process of describing and monitoring a health event" 
(76). In injury control, these data are useful to a broader community than that typically 
concerned with health data. For example, manufacturers and builders need to know what 
modifications in their products and structures could reduce injuries. Farmers, industries, 
and small businesses need to know how injuries to their families or employees can be 
reduced. Insurance companies need to know how to use rates as incentives for risk reduction 
and what technical assistance to provide to their policyholders to reduce their losses. 
Regulatory agencies need to know about patterns of injuries so that they can identify any 
gaps in regulatory responsibility or action. State governments need to know about the 
injuries that cluster by location and about certain population characteristics so that they can 
identify state and local agencies (private and public) that need technical and other support. 
Local governments need the same information within their jurisdictions. Hospital, health, 
and other professional groups, nonprofit associations and foundations, and advocacy groups 
need to know how they can contribute to injury reductions. Researchers need to direct their 
investigations to priority areas as resources diminish. 

To monitor trends in injuries and identify those associated with particular populations, 
products, or locations, people in the injury field have developed various injury surveillance 
systems. The extent of data collected on injuries in these systems varies by type of injury, 
severity of injury, and the agency collecting the data. The National Highway Traffic Safety 
Administration collects detailed data on drivers, passengers, vehicles, and environmental 
conditions related to fatal injuries on public roads. The National Transportation Safety 
Board collects similar data on fatal aircraft injuries. No detailed data on other fatal injuries 
are collected at the national level, but the National Center for Health Statistics tabulates 
incidence and demographic characteristics from death certificate files, and several agencies 
use these data to monitor trends. The CPSC uses the N atio.1a1 Electronic Injury Surveillance 
System (NEISS) to collect data on product-related injuries to persons treated in the 
emergency departments of a national sample of hospitals. The CPSC and other federal, 
state, and local government agencies periodically conduct special in-depth investigations of 
injuries associated with particular products. Several product modifications or bans have 
resulted from the identification of hazards through the use of NEISS. Some states are also 
examining the use of trauma registries in monitoring injuries. In addition, numerous state 
and local police and highway departments identify high-risk motor-vehicle crash locations 
that need to be made safer, but they rarely identify sites where severe injuries, rather than 
clusters of property damage, occurred. 
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In most hospital records, injuries to persons requiring hospitalization are coded according 
to diagnosis (N -code) but rarely by external cause (E-code ), except in a few states or agencies 
(such as the Indian Health Service) where E-codes are required. A sample of hospitals' data 
is compiled in the National Hospital Discharge Data system. 

Occasionally, a federal agency, private organization, corporation, or trade association uses 
injury rates from surveillance data to imply that the risk of a given product or process is 
acceptable because the injury rate is similar to, or lower than, that of some other tacitly 
accepted product or process. Decisions on risk should not be based on these data. The 
decision to modify a product or process to reduce injury should be based on its effect on 
injury reduction and the feasibility of the modification, in view of the public's willingness to 
pay for it. 

Current surveillance systems are limited because we have no national standards for injury 
surveillance and no national guidelines for E-coding~ trauma care data systems, and other 
registries. Instead, each state surveillance system is evolving separately and diversely. If 
data are to be useful, we must collect them by using case criteria and minimum data sets 
with defined, uniform elements. 

Where We Want To Be 

The Indian Health Service, a few state governments, and some local agencies and hospitals 
are beginning to collect more detailed data to identify where, to whom, and how injuries 
occur at local levels. The power of these systems for injury control has been demonstrated. 
The Indian Health Service system includes as a part of its surveillance a list of simple steps 
that can be taken to prevent or reduce the severity of injuries (77). We know that clusters 
of injuries can be reduced by employing inexpensive countermeasures identified through 
surveillance. For example, in a 2-year period, a 2-mile stretch of road on the White River 
Apache Reservation had 37 pedestrian injuries at night. In the next 2 years, after lights were 
installed (at a cost of about $39,000), only two such injuries occurred. In 7 years, on the 
Blackfeet Reservation in Montana, 59 severe motor vehicle injuries, including 19 deaths, 
occurred at night on a 2-mile stretch of road. In the 2 year:> after lights and limited access 
curbing were installed at locations pinpointed by the surveillance (at a cost of $6,500), only 
two severe crashes occurred (77). 

Similarly, on the basis of the surveillance of children falling out of windows, the N ew York 
City Health Department targeted high-rise residential buildings for the installation of 
window barriers. Deaths dropped from 30 to 50 per year in the 1960s to about four per year 
in the 1980s. In addition, traffic engineers in N ew York City identified a section of Queens 
Boulevard that had a concentration of eld~rly pedestrian deaths and achieved reductions 
by making modest changes in signs and striping and by educating elderly persons in the 
community (77). 
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These different approaches to surveillance lead us to ask this question: What are the most 
efficient and effective ways to investigate injuries in sufficient detail so that we can choose 
which ones to target and which countermeasures to employ? One approach is to gather 
data on whom, how, and where all severe injuries (e.g., fatal and hospitalizations) occur, 
paying particular attention to sites (e.g., road sections and locations of falls in houses) and 
populations. Such an approach is based on the known clustering of motor vehicle-, fall-, and 
fire-related injuries by location and the need to choose among specific countermeasures, 
depending on the circumstances. For example, there is no need to launch a program to 
encourage people to place skid strips in bathtubs ifmost severe faUs in households in a given 
community occur on poorly lighted basement stairs or icy sidewalks. Another approach is 
to gather minimal data, such as E-codes in fatal and hospital data sets, and then target only 
the most frequent types of injuries for detailed studies. 

At the very least, data on fatal injuries not associated with motor vehicle crashes should be 
assembled in a uniform manner by state, as in the Fatal Accident Reporting System for 
motor vehicle crashes. The data are usually available in coroner files but are not coded 
systematically. States should track data on environmental circumstances, type of energy 
involved, and medium by which the energy was conveyed. This tracking system should 
include specific identifications and descriptions (e.g., make, model, serial number, dimen­
sions) for items such as guns, ignition sources in fires, stairs in falls, and pools in drownings, 
as well as data on the characteristics and activities of the persons killed. National surveil­
lance standards for injury control are direly needed. 

How We Get There 

Federal Government 

• E-codes can be included inexpensively in hospital discharge records and should be 
required for reimbursement by federal and private health insurance systems. Two 
separate fields for E-codes should be required - for cause and place of occurrence. 
CDC should study the extent and use of these data at state and local levels. 

• The CDC should support research on the cost-effectiveness of competing surveillance 
systems, including choice of countermeasures, prevention strategies, injury reduction, 
and levels of severity. This could be done by conducting comparative studies employing 
different surveillance approaches used by health departments and other agencies. 

• Congress should fund CDC, perhaps through the National Center for Health Statistics, 
to contract with the states to collect data on fatal injuries that do not involve motor 
vehicle injuries equivalent to the data collected in the Fatal Accident Reporting System 
(F ARS) for on-road motor vehicles. The CDC also needs funds for disseminating this 
information through an annual report and purchasable computer files. Data better than 
those in F ARS should be developed on the mechanisms of injuries and the parte s) of the 
body injured. 
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• Congress should direct regulatory agencies to use cost-effectiveness in deciding whether 
a product or process should be regulated. Decisions to regulate should be based on 
studies of the specific effects of injury reduction efforts, not relative risk, and on the 
public's willingness to pay for the reduced risk. 

State Governments 

• State legislatures should mandate the use of a common identifier, such as a social security 
number, in data files on injuries collected by police, coroners, medical examiners, 
hospital staffs, and fire fighters. 

• Health departments should produce biannual or annual reports of deaths and hospital 
discharge data, cross-tabulated by N-codes and E-codes for counties and cities to bring 
attention to the extent and location of specific problems and missing E-code information. 
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Appendix: Healthy People 2000 

9.1 

9.2 

9.4 

9.5 

9.6 

9.7 

9.8 

9.9 

9.10 

9.11 

9.15 

9.16 

9.17 

9.18 

Health Objectives for the Nation 

Unintentional Injuries 

Reduce deaths caused by unintentional injuries to no more than 29.3 per 100,000 people. 
(Age-adjusted baseline: 34.5 per 100,000 in 1987) 

Reduce nonfatal unintentional injuries so that hospitalizations for this condition are no 
more than 754 per 100,000 people. (Baseline: 887 per 100,000 in 1988) 

Reduce deaths from falls and fall-related injuries to no more than 2.3 per 100,000. 
(Age-adjusted baseline: 2.7 per 100,000 in 1987) 

Reduce drowning deaths to no more than 1.3 per 100,000 people. 
(Age-adjusted baseline: 2.1 per 100,000 in 1987) 

Reduce residential fire deaths to no more than 1.2 per 100,000 people. 
(Age-adjusted baseline: 1.5 per 100,000 in 1987) 

Reduce hip fractures among people aged 65 and older so that hospitalizations for this 
condition are no more than 620 per 100,000 people. (Baseline: 714 per 100,000 in 1988) 

Reduce nonfatal poisoning to no more than 88 emergency department treatments per 
100,000 people. (Baseline: 103 per 100,000 in 1986) 

Reduce nonfatal head injuries so that hospitalizations for this condition are no more than 
106 per 100,000 people. (Baseline: 125 per 100,000 in 1988) 

Reduce nonfatal spinal cord injuries so that hospitalizations for this condition are no more 
than 4.5 per 100,000 people. (Baseline: 5.3 per 100,000 in 1988) 

Reduce the incidence of secondary disabilities associated with injuries of the head and 
spinal cord to no more than 16 and 2.6 per 100,000 people, respectively. (Baseline: 20 per 
100,000 for serious head injuries and 3.2 per 100,000 for spinal cord injuries in 1986) 

Enact in 50 States laws requiring that new handguns be designed to minimize the likelihood 
of discharge by children. (Baseline: 0 States in 1989) 

Extel1d to 2,000 jurisdictions the number whose codes address the installation of fire 
suppression sprinkler systems in those residences at highest risk for fires. 
(Baseline data available in 1991) 

Increase the presence of functional smoke detectors to at least one on each habitable floor 
of all inhabited residential dwellings. (Baseline: 81 percent in 1989) 

Provide academic instruction on injury prevention and control, preferably as part of quality 
school health education, in at least 50 percent of public school systems 
(grades K through 12). (Baseline data available in 1991) 
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9.21 Increase to at least 50 percent the proportion of primary care providers who routinely 
provide age appropriate counseling on safety precautions to prevent unintentional injury. 
(Baseline data available in 1991) 

9.22 Extend to 50 states emergency medical services and trauma systems linking prehospital, 
hospital, and rehabilitation services in order to prevent trauma deaths and long-term 
disability. (Baseline: 2 States in 1987) 
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Where WeAre 

Occupational injuries are an important part of the injury problem in the United States, 
although recently they have generally been given less attention by public health professionals 
than injuries that occur in other settings, such as the home, the highway, or recreational 
settings. There are widely divergent estimates of the absolute numbers and rates of fatal 
and nonfatal work-related injuries with some of the reasons for the discrepancies being 
variations in definitions, worker populations included, methods of case ascertainment, and 
data sources (1). The current picture provided by occupational injury statistics reflects the 
limited use in the past of epidemiologic principles and the lack of a public health approach 
in addressing the occupational injury problem (2). 

A work-related injury is one that is attributable to work activities arising directly out of and 
in the course of employment. Work activities are those duties or tasks that produce a 
product or result, or are done in exchange for money, goods, services, profit, or advantage. 
In some countries, such as Australia, injuries of bystanders resulting from the actions of 
others at work are considered work-related. In some countries, injuries occurring during a 
worker's commute to or from work are considered occupational injuries. There is currently 
no standard definition of work-related injury in this country; however, how it is defined 
affects surveillance and research as well as prevention strategies. 

Dimension of the Problem 

On the day that 7 crew members were killed in the explosion of the space shuttle Challenger, 
at least 16 other U.S. workers were also killed at work, and thousands more were injured. 
However, only the seven who died on the space shuttle received the attention of the media 
and a stunned public. This contrast illustrates the lack of media attention and public concern 
bestowed on workers who die or are disabled as a result of occupational injury, possibly 
because their injuries or deaths are not so spectacular, but possibly because the risk of injury 
may be perceived as an acceptable risk of working. However, occupational injuries should 
not be regarded as inherent in the workplace, nor should they be acceptable. 

Occupational injury is an enormous and costly problem. Most incidents resulting in worker 
injuries are preventable and could be averted if known prevention strategies were more 
widely implemented. Until the public recognizes the importance of occupational injuries 
and demands safe work environments - and is supported in these demands by government, 
employers, and workers - reasonable protection of all workers will not be ensured. 
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The most effective interventions to date for reducing injuries have been those involving 
engineering, biomechanics, and environmental designs, the mainstays of the safety science 
approach to injury prevention, However, the potential for reducing work-related injury 
through these efforts is greatly enhanced when epidemiologic techniques are used to identify 
risk factors and evaluate preventive strategies and programs. Crucial to the process of 
solving occupational injury problems is interdisciplinary action, which spans the range from 
identification to widespread implementation of effective preventive strategies and requires 
the collaborative efforts of managers, workers, researchers, planners, and support staff from 
a variety of organizations and disciplines. Government, industry, labor, universities, work­
ers, and the public must focus attention on this problem and coordinate their efforts toward 
effective injury prevention in the workplace. 

In addition to the necessary research conducted in universities and implementation of 
prevention strategies in worksites, the public needs to be informed and convinced of the 
importance of work-related injury. Private and public organizations involved in occupa­
tional injury surveillance, research, and prevention activities should develop ways to com­
municate risk information using the latest information about crafting risk messages and 
reaching intended audiences, available dissemination channels, and the variety of potential 
media. Broadcast and print media, which have influenced public awareness of other public 
health problems and risk areas, have yet to fully convey the importance of occupational 
injury as a significant public health problem. 

The future workers of our country should not wait until they enter the work force to learn 
about prevention of injuries. Just as preventive health-related information, such as infor­
mation on the importance of exercise and nutrition, has been stressed in school curricula 
from elementary schools through universities, information on injury and injury prevention 
concepts could conceivably be introduced in elementary school science curricula and most 
certainly in secondary school science, industrial arts, and vocational-technical programs. 
Programs aimed at incorporating occupational safety and health components in the curric­
ula of university engineering and medical schools are under way. 

Finally, because of the close interaction between home and the workplace, interventions 
implemented in the workplace, even though they target workers, also provide an avenue for 
reaching workers' families. Many of the principles of injury prevention applicable in work 
settings are also applicable outside the workplace. However, the workplace provides a 
unique opportunity to implement, monitor, and demonstrate the effectiveness of many 
prevention strategies that are difficult to implement and evaluate elsewhere. Employers 
can design or modify jobs or processes, enforce the implementation of specific rules and 
procedures, provide and require the use of protective equipment, develop and provide 
specialized training, and otherwise structure and control the workplace environment to 
reduce injuries. In the absence of voluntary employer action, government regulators, 
corporate policymakers, insurers, unions, and other employee advocates can exert pressure 
on employers to reduce injuries through workplace management. 
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Ultimately, the goal of occupational injury control is the protection of workers, individually 
and in groups. The process of injury control, therefore, must involve workers and empower 
them to participate in the prevention of injuries. 

There are varying estimates of the number of work-related injuries and deaths and much 
debate about their validity and importance. However, one thing is certain: these deaths and 
injuries - whatever the true number - are intolerable. 

Despite the limitations, existing data indicate that the magnitude of occupational injury is 
staggering. Between 7,000 and 11,000 workers are fatally injured on the job each year (3,4). 
Every year about 7 of every 100 workers sustain nonfatal injuries while at work. In 1989 
alone, almost two million workers sustained injuries that resulted in disability (4). The cost 
of occupational injury that same year was conservatively estimated at more than $48 billion 
(4). A more recent study by the RAND Corporation places the cost at over $83 billion for 
1989 alone (5). Moreover, the pain, suffering, decreased quality of life, and stress associated 
with injury, as well as the financial cost to the worker, the family, and society are among the 
consequences of injury that are nearly impossible to measure (6). 

Faml Occupational Injury 

The National Institute for Occupational Safety and Health (NIOSH), part of the Centers 
for Disease Control (CDC), uses the National Traumatic Occupational Fatality (NTOF) 
data base based on death certificates that indicated injury at work (7). The NTOF data for 
1980 to 1985 indicate that about 7,000 work-injury fatalities occur in the United States each 
year (3). However, the validity of these data depend upon accurate and consistent cause­
of-death identification and the consistent completion of a single variable on the death 
certificate. Because this reporting is not uniformly accurate and consistent, NTOF data 
undercount the number of occupation-related deaths. Table 1 shows the number of worker 
deaths within major industry groups associated with leading causes of death. These data 
cover 1980 through 1986. Table 2 shows the rate (per 100,000 workers) of deaths within 
major industry groups associated with leading causes of death for the same 7 years. Table 
3 shows the number and rate (per 100,000 workers) of worker deaths from occupational 
injury by cause and sex for 1980 through 1985. 

The National Safety Council (NSC) estimated that 10,400 work-related deaths occurred in 
1989 (4). This estimate is based on deaths in a work force in excess of 114 million and reflects 
several reporting mechanisms long used by the NSC. The reporting sources for the National 
Safety Council include the National Center for Health Statistics, state vital statistics depart­
ments, and state industrial commissions, although the method for obtaining the NSC 
estimate is difficult to validate. The NSC estimate does not include worker deaths resulting 
from intentional injuries (homicides and suicides), a problem of recent concern. 
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Table 1 
Traumatic Occupation-Related Fatalities By Leading Causes of Death* and Major Industry Group, ** 

U. S. Civilian Labor Force 
(National Traumatic Occupational Fatality Data Base, 1980-1986) 

Finance! 
Retail Public 

Total+ 

Motor Vehicle (E810-ES29,ES46-ES49) 9,865 

MachinelV (E9l9) 6,060 

Homicide (E960-E969) + + 5,344 152 24 I 212 300 481 1~~B.~:i17;9~t1ii;l;il15~~I~~~!?~134?~;I)t(7~5:tf,:I:?f~1~)~1t50t~~:;0' 
Falls (E880-ES88) 4,215 244 108 @~ff'i1:?~~'~~; 439 267 42 92 I 39 E~~~2~~1 80 

Electrocution (E925) 3,296 361 141 :::~i;~~j:~i§~:;t;~ 272 489 29 56 11 153 53 

Struck bv ""ailing Object (E916) 2,929 

Air Transport (E840-ES45) 1,844 

li~i';>~f;;:~9~;~~" 0!i~3i~it!, 590 !;f1;tll}{lii9:f~,~::' 237 22 44 9 151 38 

ii¥~~;;~~i'l~~j:':;; 1~~~~:c:49I~!; 
~ 

131 33 61 94 16 32 193 ~~;;:;':;f '''';O:v~ 

Unknown/undet. (E980-E989, Blank) 1,555 164 55 197 191 262 19 108 13 125 87 

Suicide (E950-E959) 1,297 89 10 99 111 76 17 ~:'::1?1:2;' 46 ;~~'i~i,i: 84 

Explosion (E923. E921) 1246 39 159 152 271 113 12 46 2 104 31 

Flving Object/Caught (E917· E9l8) 1,095 99 83 197 206 148 16 25 5 49 15 

Other 1,057 102 23 130 204 103 11 66 10 90 104 

Natural Environ. (E900-E909. E928) 1,038 248 96 158 133 85 11 21 5 67 31 

Water Transport (ES30-E838) 888 288 14 45 29 167 9 42 1 51 54 

Suffocation (E911-E913) 864 95 57 332 79 57 9 15 5 35 17 

Fire (ES90-ES99) 829 64 56 99 164 48 14 46 6 92 55 

Poisoning (E850-E858, ES60-ES69) 696 58 57 72 114 67 11 28 5 86 25 

Drowning (E910) 647 116 29 86 44 70 4 10 3 96 41 

Rail Transport (E800-ES07) 324 4 8 15 18 245 1 2 2 4 2 

Total 45,089 5,264 1,974 7,482 4,917 7,686 738 3,090 474 3,518 2,255 

., International Classification of Diseases, Ninth Revision - Supplementary Classification of External Causes of Injury and Poisoning. 

.. Standard Industrial Classification Manual, 1987. 
+ Totals include cases for which industry could not be classified (17%). 
++ Homicide data for New York, Oklahoma, Louisiana and Nebraska were not available. 
~ Shading denotes the three leading causes of death in each industry group. 
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Table 2 
Traumatic Occupational Fatality Rates (per 100,000 workers) By Leading Causes ofDeath* and Major Industry Group,** 

U. S. Civilian Labor Force 
(National Traumatic Occupational Fatality Data Base, 1980-1986) 

• International Classification of Diseases, Ninth Revision - Supplementary Classification of External Causes of Injury and Poisoning. 
•• Standard Industrial Classification Manual, 1987. 
+ Totals include cases for which industry could not be classified (17%). 
++ Homicide data for New York, Oklahoma, Louisiana and Nebraska were not available. 
~ Shading denotes the three leading causes of death in each industry group. 
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In 1989, the Bureau of Labor Statistics (BLS), which excludes public sector employees, the 
self-employed, and employees of companies with fewer than 11 workers, reported about 
3,300 deaths in the population of workers that it surveys (6). The BLS estimate is based on 
a survey sample of approximately 280,000 individual employers, with a 94% response rate. 
In addition to omitting many groups of workers, the BLS sampling scheme results in 
estimates that tend to disproportionately reflect the experience oflarge companies. Fatality 
estimates are made on the basis of data from establishments with 11 or more employees 
only. As discussed in the report by the National Academy of Sciences (9), the BLS greatly 
undercounts occupational deaths. 

Nonfatal Occupational Injury 

Limited data are available on the frequency of nonfatal work-related injuries, and no data 
are available on work-related injuries requiring hospitalization. The BLS estimated that 
about 6.4 million injuries (7 per 100 full-time workers) occurred during 1988 (10). The 
estimate includes recordable injuries (including deaths), injuries resulting in days away from 
work or restricted activity, and injuries without lost workdays. According to the estimate, 
nearly 2.9 million injuries resulted in lost workdays. A report sponsored by the National 
Academy of Sciences (9) concluded that there was considerable underreporting in the BLS 
annual survey. Another source of nonfatal occupational injury data is based on a sample of 
approximately 66 emergency rooms from the Consumer Product Safety Commission's 
(CPS C) National Electronic Injury Surveillance System (NEISS), which collected data for 
the National Institute of Occupational Safety and Health (NIOSH) during 1981-1986. The 
authors of an unpublished NIOSH study based on this sample estimated that over 3.8 million 
occupational injuries of varying severity and outcome are treated every year in U.S. 
emergency departments. Because this estimate is an extrapolation, the true number may 
be much higher. The NSC defines a disabling injury as one that causes death, permanent 
disability, or any degree of temporary total functional disability beyond the day of the injury. 
The NSC also estimates that there were 1,700,000 disabling injuries in 1989 among workers 
in the United States (4). 

Lost Workday Rates 

Estimates of1ost workdays depend on the data source used to count injuries. The National 
Safety Council estimates days lost from injuries during 1989 to be 75 million, which includes 
those lost because of injuries that occurred in 1989, as well as in previous years (4). 
According to the Bureau of Labor Statistics, among the nearly 3.0 million injuries in 1989 
that resulted in lost workdays, the average lost workdays per case was 20, or a total of 60 
million lost workdays in the population of workers that BLS reports on (10). Although the 
number oflost workdays is used as a criterion for reporting injuries or as a proxy for severity, 
such uses may be misleading because of the employer's incentive to return injured workers 
to the workplace to avoid IIreportablell injuries, even if they cannot perform their usual tasks. 
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Table 3 
Deaths and Death Rates from Occupational Injury, by Cause and Sex, 1980-1985 

Male Female Total 
Cause 

Deaths Rate* Deaths Rate* Deaths Rate* 

Motor vehicle, traffic 6,809 1.99 493 0.19 7,302** 1.20 

Motor vehicle, non traffic 768 0.22 31 0.01 799 0.13 

Aviation 1,480 0.43 78 0.03 1,558 0.26 

Railway 262 0.08 4 0.00 266 0.04 

Water transport 583 0.17 11 0.00 594 0.10 

Drownings/suffocation 1,202 0.35 38 0.01 1,240 0.20 

Poisonings 493 0.14 7 0.00 500 0.08 

Falls 3,378 0.99 113 0.04 3,491 0.57 

Fire and Flames 627 0.18 55 0.02 582 0.11 

Firearm 181 0.05 12 0.00 193 0.03 

N atural/Environmental 394 0.12 30 0.01 424 0.07 
factor 

Falling object 2,342 0.68 19 0.01 2,361 0.39 

Struck against 531 0.16 10 0.00 541 0.09 

Caught inlbetween 333 0.10 9 0.00 342 0.06 

Machinery 4,950 1.45 93 0.03 5,043 0.83 

Explosive 770 0.22 44 0.02 814 0.13 

Explosion of pressure 212 0.05 5 0.00 217 0.04 
vessel 

Electric current 2,695 0.79 15 0.01 2,710 0.45 

Suicide 1,017 0.30 113 0.04 1,130 0.19 

Homicide 3,586 1.05 861 0.32 4,447 0.73 

Other and unspecified 1,445 0.42 111 0.04 1,556 0.26 

TOTAL 34,058 9.94 2,152 0.81 36,210 5.95 

Source: Injury Fact Book, 2nd Ed. (8). 

*Per 100,000 

**Data from the Fatal Accident Reporting System (FARS) maintained by the U.S. Department of 
Transportation indicate that there may be as many as 3,000 deaths per year resulting from 
occupational motor-vehicle crashes, rather than the approximately 1,200 per year indicated here (8). 
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Costs: Economic Impact of the Problem 

The costs of occupational injuries go well beyond the financial burden of medical treatment. 
Pain, suffering, altered quality of life, stress and its resulting illnesses, together with loss of 
earning power are among the consequences of injury that are nearly impossible to quantify 
(6,11). Furthermore, the effects of an injury spread to other individuals with whom the 
seriously injured person and his or her family interact, compounding the problem of 
determining the cost of work-related injury. 

Even economic costs are not easily tabulated. One recent report to Congress (12) identified 
the costs of injury by major cause but did not include data on the total economic burden of 
occupational injury because such data are not available. Similarly, insurance administration 
costs associated with workers' compensation and product liability are not easily identified, 
nor are long-term morbidity costs, including the costs of follow-up health care, residential 
care, legal assistance, and property damage. Productivity losses associated with disabling 
injury include losses related to production disruption, equipment and property damage, the 
selection and training of replacement workers, and injury investigation. 

The NSC estimated that the overall cost of work-related injuries incurred in 1989 was more 
than $48 billion. This is an underestimate of the actual cost for several reasons, including 
underreporting of injuries (6,13), the exclusion of intentional injuries (14-16), and the fact 
that neither children less than 14 years of age nor workers often not included under 
traditional compensation programs (e.g., the self-employed and public sector workers) were 
not considered. People operating small family farms, who constitute a large proportion of 
all farm workers in many states, are one important population of workers not universally 
covered (17). 

A recent unpublished study* reported estimates of over $21 billion (based on 1989 dollars) 
spent annually for medical care, lost productivity, and administrative processing of work-re­
lated injuries. The authors state that this should be considered only part of the total cost 
for all work-related injuries because it does not include fatal injuries (which they report to 
be about 11,000 per year) or those injuries that did not result in at least 3 lost workdays (over 
9 million per year). Another report put the cost at over $83 billion dollars for the same 
year (5). 

Considering the enormous cost to society (and industry) that occupational injury imposes, 
cost-benefit studies of injury prevention programs can help illustrate the savings associated 
with injury prevention. In the petroleum industry, the introduction of equipment that 
permitted automatic connection and disconnection of pipes (without worker involvement) 
on offshore drilling rigs resulted in significant decreases in injuries and paid for itself within 
6 years (18). 

*Rossman SB, Miller TR, Douglass JB. The costs of occupationaltraumaic and cumulative injuries. 
Research supported by the National Institute for Occupational Safety and Health, Centers for Disease Control. 
(CDC Grant No. R49/CCR 303675-02) March 1991. 
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International Perspective 

There is considerable variation among nations in the numbers, rates, severity, and external 
causes of occupational injuries. In its Year Book of Labor Statistics, the International Labor 
Organization (Geneva) publishes tables of the numbers of work injuries and the rates of 
fatal occupational injuries by industry for many countries. In most countries, however, injury 
statistics are compiled as a by-product of administrative work processes and labor regula­
tions. The definitions, coverage, and methods used to compile these data vary so widely 
from nation to nation that comparisons are difficult. However, many countries have 
developed injury prevention strategies that represent a valuable source of information and 
data for programs for injury prevention. 

A few developed countries (such as Sweden) have comprehensive surveillance systems or 
registries to identify and monitor work-related injuries and fatalities nationwide for the 
specific purpose of developing injury prevention strategies and policies. In developing 
countries, most of the labor force works in environments that have minimal or no safety 
standards. Because of the overall poor socioeconomic status of these countries and because 
of their efforts to industrialize rapidly, governments, companies, and even workers may 
compromise safety. The risk of being injured at work is likely to be greater in less 
technologically advanced environments where safety measures are often sacrificed in hopes 
of increasing productivity and saving ,money. Of course, risk for injury may increase as a 
function of production pressures in technologically advanced environments as well. 

Comparisons among geographic or economic sectors afford the opportunity to share 
experiences and information on effective injury prevention programs. In Sweden, in re­
sponse to an observation that injuries caused by chain saws occurred frequently, modifica­
tions were developed in the 1960s to make chain saws safer. This is in contrast to the United 
States where responsibility at the federal level for occupational safety was not recognized 
until the passing of the Federal Coal Mine Health and Safety Act in 1969 and the Occupa­
tional Safety and Health Act (OSH Act) in 1970. Examining these differences relating to 
national policy may uncover important new prevention strategies or verify the effectiveness 
of certain current prevention programs. Finally, the low occupational-injury rates in some 
countries give hope that, if the problem of occupational injuries is approached properly, 
rates may be lowered in this country also. 

Commitment to the Goal: Preventing Occupational Injury 

The United States has yet to organize and coordinate a successful, multidisciplinary, 
multiorganizational approach to preventing occupational injury. Collaborative efforts are 
essential to improve research and more effectively implement interventions (19). 
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Unfortunately, funds for research and training programs are scarce. The dearth of people 
well-trained in injury epidemiology and safety engineering is a major problem. The re­
sources available for occupational injury prevention and control in the United States pale 
in comparison with those available in western Europe. For example, agencies involved in 
occupational safety and health in Finland and Sweden have budgets (per worker) almost 20 
times that of NIOSH (19). 

Occupational injury prevention is linked to organizational commitment to workplace safety. 
Employers, employees, and others responsible for or interested in protecting workers 
should know and understand the risks workers face and how to reduce or eliminate those 
risks. Just as systematic methods are employed in identifying risk through surveillance and 
in developing preventive strategies, systematic methods can and should be employed in 
communicating information on risk and injury prevention. 

The results of studies have demonstrated that not only does management commitment to 
safety decrease the number of work-related injuries, it is also cost-effective. Therefore, to 
improve occupational safety and health in the 1990s, senior company executive involvement 
is necessary (20). The John Deere Company, for example, attributes a 74% decrease in 
their OSHA-recordable injury rate from 1975 to 1984 to the establishment of facility-based 
occupational health and safety goals supported by tpanagement (21). Other examples 
include an automobile parts manufacturing company that, after implementing material 
handling procedures in 1986, experienced a 73% reduction in annual injury-related worker 
compensation claims compared with 1985 (22). 

The link between injury prevention and improved quality and increased productivity needs 
to be explored and documented, because proof of this relationship will strengthen organ­
izational commitment to workplace safety. Within the context of a production process, the 
occurrence of an injury is typically the culmination of a series of events beginning with some 
variation in the process. Once these events happen, the occurrence of an injury is predict­
able within a broad time frame, but its actual occurrence at a given time or during a particular 
shift is not predictable, and the injury is typically (and incorrectly) seen as a random event. 
Considered in this perspective, the consistent production of a high-quality product is 
incompatible with a high rate of injuries. 

Commitment to workplace safety within an organization should result in workplace design 
factors being considered in the bidding specifications for the equipment that will be 
purchased or constructed for the production process. For example, the purchasing agent 
must realize that the specifications related to safety features cannot be negotiated away for 
a lower price or faster delivery schedule. For existing operations, process reviews should 
involve a team approach (engineering, quality, and safety) with input from operators who 
have actually been running the process. Construction contracts should have an injury 
prevention component built into the contract bid process in the same way financial stability 
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is included. Potential bidders should be required to demonstrate a low rate of injuries among 
their workers, sufficient injury-prevention activities, and compliance with safety standards, 
or they should be eliminated from the bidding process. 

Labor-management agreements are also important for promoting workplace safety. These 
relationships are governed by collective bargaining contracts and regulatory and labor 
relations statutes, which create important rights and responsibilities. Workplace safety is a 
common feature oflabor-management contracts, which often provide for health and safety 
committees. Many national and international unions also have their own programs and staff 
for promoting workplace safety. 

Surveillance Issues 

The need for developing injury surveillance systems and using epidemiologic data as the 
basis for targeting and developing prevention strategies is clearly stated in Injury inAmelica 
(23). Carefully designed surveillance of occupational injuries and fatalities is essential not 
only to document accurately the magnitude of the injury problem and identify potential risk 
factors, but also to target interventions and to evaluate the effectiveness of specific programs 
and interventions (24,25). An example of reporting selected occupational conditions, such 
as carpal tunnel syndrome, is the Sentinel Event Notification System for Occupational Risk 
(SENSOR) project developed by NIOSH and implemented in many states (26). This 
project relies on local health care providers to identify and report selected conditions to 
their state health departments. Action based on surveillance results is part of the system 
and allows rapid intervention at a local level. At present, SENSOR involves only ten states, 
and carpal tunnel syndrome is the only nonfatal injury condition currently reported, al­
though some states are planning to target fatal and nonfatal agricultural injuries for 
reporting under NIOSH funding. Fatal occupational injuries are reported in the Fatal 
Accident Circumstances and Epidemiology (FACE) project developed by NIOSH. The 
FACE project relie~, on detailed and standardized investigation of selected electrocutions, 
deaths related to confined spaces, and fatal falls to identify opportunities for intervention 
and prevention. 

While there are limited surveillance systems for identifying both occupational mortality 
(3,4,9,27-29) and morbidity (4,13,30-33), there is no standardized comprehensive system for 
accurately identifying working populations and the workers within these populations injured 
or killed. Although existing surveillance systems are not perfect, they may be useful to 
identify patterns of injury occurrence while new and improved systems are designed and 
established. Overlap between surveillance needs and data collected for other purposes has 
resulted in the shared use of some established systems. For example, some workers' 
compensation programs use a first-report-of-injury form that is designed for employer's 
reports to OSHA. 
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In addition to the lack of standardized, comprehensive national data, few companies use 
occupational injury surveillance systems (except for workers' compensation claims and the 
OSHA log of injuries) that permit them to identify the causes that most often result in serious 
injury to their workers. One of the significant needs of those who conduct occupational 
injury surveillance and etiologic research is standardized coding systems. This is true both 
at the company level, where the nurse may have different surveillance results than the safety 
officer, and at the national level, where NIOSH may have different surveillance results than 
the BLS. Company-based record keeping required by OSHA and data that are collected by 
BLS use the American National Standard Institute (ANSI) Z16.2 coding system. However, 
medical personnel within companies and the National Center for Health Statistics (NCHS) 
use the International Classification of Disease (lCD) coding system. Both systems are 
useful, and the ability to link or use both coding systems in a single data set would increase 
the usefulness of these data. 

Another important need is the inclusion of a brief description of the circumstances of injury. 
This can best be accomplished with a paragraph summarizing the event that can later be 
printed out for cases of interest or searched for retrieval of cases including one or more of 
the key words. 

Ultimately, a surveillance system should allow users to promptly identify specific work­
places, hazards, employers, or groups of workers with excessive numbers of injuries. The 
purpose of this identification should be efficient, targeted prevention efforts. To accomplish 
this may require obtaining data on injuries that are specific to workplaces or employers. 

Research Issues 

As previously stated, no comprehensive data system currently exists to identify accurately 
the magnitude and specific nature of the occupational injury morbidity and mortality 
problem; information on risk factors and details of the circumstances of nonfatal injuries 
are particularly deficient. Several methods have been used to ascertain the magnitude of 
the occupational injury problem. These include surveillance efforts mentioned in the 
previous section and descriptive studies that have examined occupational injury mortality 
(34-37) and morbidity (19,30,38-43) among various populations and subgroups. The vast 
majority of efforts identified in the literature on occupational injury have consisted of case 
reports (44-46) or surveys, frequently without relevant population-at-risk data. Although 
limited, these efforts provide a basis for subsequent studies on the causes of occupational 
injury. Such efforts may be particularly important for documenting unusual occurrences 
and identifying new injury problems, a process that, in turn, facilitates the appropriate design 
and conduct of analytic studies of specific risk factors and ultimately the development and 
implementation of prevention strategies. 
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The difficulties in describing the magnitude and epidemiology of work-related injuries are 
related directly to the problems of definition, case ascertainment, information retrieval, and 
communication of results. Standardization of information would ensure that information is 
available without regard to fault, administrative judgment, or other factors that could change 
the classification of cases. One of the best surveillance systems is the Fatal Accident 
Reporting System (F ARS) maintained by the U.S. Department of Transportation. This 
system provides standardized, accurate, detailed information on all deaths due to motor 
vehicle crashes. Although it is not a good system for identifying occupational injury cases 
(because that particular data element is dependent upon what the death certificate reports), 
aspects ofF ARS could be used as models for systems addressing occupational injuries (47). 

In many states, workers' compensation records provide the only source of detailed data on 
occupational injuries. These records are a source of information regarding the severity and 
frequency of injuries in specific industries and working environments and may be useful at 
a local level. However, because of wide variations among states regarding what constitutes 
a compensable claim and which workers are excluded from coverage, these data are less 
useful at a national level. The Bureau of Labor Statistics has attempted to standardize the 
states' information through its Supplemental Data System (SDS) and Work Injury Reports 
(WIR) programs, which use uniform coding systems and investigative techniques. These 
programs may be eliminated soon; however, the BLS is developing improved programs to 
take their place, which will use uniform case definitions and coding in a redesigned system. 

There is a lack of comprehensive population-based studies of occupational injury, including 
morbidity studies, among a variety of industries to determine the extent of the problem more 
accurately. Available occupational injury data generally do not include sufficient informa­
tion on agents and sources of injury, worker characteristics, or incident circumstances to 
generate specific hypotheses for subsequent risk factor research. 

In 1983 NIOSH compiled a list of the 10 leading occupational injuries and illnesses in the 
United States. These 10 injury and illness categories were considered llleadingll problems 
because they occur frequently, are often severe (i.e., fatal or disabling), and are, for the most 
part, preventable or amenable to prevention. During a national symposium in 1985, 
multidisciplinary committees developed prevention strategies for the first 5 of these top 10 
problems. Among the problems identified were severe occupational traumatic injuries. 
This category includes a wide range of injuries (amputations, severe lacerations, burns, etc.) 
and numerous external causes (e.g., falls, motor vehicles, electricity). Although preventing 
all injuries in the workplace is clearly a long-term goal, progress toward that goal can begin 
by focusing attention on the most serious problems. Therefore, research priorities should 
focus on (a) injuries that often result in death or severe disability, (b) injuries that occur in 
high-risk occupations or industries, and (c) easily preventable injuries that occur frequently, 
even if they are less severe. 
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Because more traumatic occupational deaths identified in NTOF data from 1980 to 1985 
are attributed to motor vehicle crashes, machinery, homicides, falls, and electricity than to 
any other causes, such deaths are priority targets. Although the proportion varies depending 
upon the source of data, motor vehicle crashes probably cause over one-third of all 
occupational deaths per year (4). Many deaths related to motor vehicles are not coded as 
the result of work-related injuries and thus are not included in NTOF data. The authors of 
one study also noted that motor vehicles are a primary cause of nonfatal injury for those 
workers who must drive or who are exposed to motor vehicles as a part of their job (48). 

Machine-related occupational injuries are usually caused by powered hand tools, fixed 
machinery, and work vehicles such as forklifts and tractors. According to NTOF data for 
1980-1985, 13% of all occupational deaths (nearly 850 deaths per year) are related to 
machines. Sources of nonfatal injury data, specifically the BLS Supplementary Data Sys­
tems and the National Electronic Injury Surveillance System, su&gest that almost 6% and 
12% of occupational nonfatal injuries, respectively, involve machines. The most hazardous 
machinery includes tractors and other agricultural machines, which were involved in over 
600 deaths in 1988; lifting machines such as cranes and forklifts, which were involved in over 
180 deaths that year (8); and machines that are often associated with amputations. 

Occupational assault and homicide involve a variety of weapons, but firearms cause the 
great majority of fatalities (34). Although little information is available on the number of 
nonfatal intentional injuries occurring at work (15), homicide accounts for about 13% of all 
fatalities in the workplace (7) and is the first or second leading category of fatal occupational 
injury in 5 of the 10 major industry groups (Table 1). Among women who die in the 
workplace, 42% are victims of homicide (49). These high homicide rates point to the need 
for more research and for implementing prevention 5trategies. 

Falling from elevations is a frequent cause of injury and death for workers in many different 
occupations and industries. During 1980-1985, over 2,700 workers, primarily in the con­
struction industry, were killed in falls from elevations (NTOF data). Because people who 
are injured in falls often suffer permanent neurological damage such as paralysis or lower 
back injury, preventing even nonfatal falls deserves a high priority. 

Electrical injuries result when a worker is exposed to an electrical current. Injury can be 
caused by electrical burn or electrocution. Approximately 500 occupational electrocutions 
occur each year according to NTOF data from 1980 through 1985. Electrical energy is 
present in virtually all workplaces, although certain occupational groups are at higher risk 
because of greater exposure through specific job tasks (e.g., line mechanics). Approximately 
165 workers are electrocuted each year in construction-related occupations. Agriculture 
occupations also have at least 50 reported deaths per year due to electrocution and another 
80 occur in the transportation industry. Many electrocutions occur when booms, ladders, 
pipes, or other metallic objects come in contact with powerlines. Unpublished BLS data 
indicate that about 2,200 electricity-related injuries occur per year in the population of 
workers covered by their estimates, suggesting a total of approximately 4,000 injuries for the 
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entire U.S. workforce. Permanent disfigurement, disability, and potential psychological 
trauma accompanying a severe electrical burn make electricity an important cause of even 
nonfatal injury. 

Acute back injuries account for a substantial proportion of workers' compensation claims 
and should be targeted. Work-related eye injuries, which occur frequently and are often 
severe enough to cause loss of vision, are easily prevented and ought to be targeted. Other 
leading causes of occupational injury that should receive priority attention include blunt 
force trauma due to being struck by objects, aviation-related injury, injury from explosions, 
suffocation from mechanical compression (e.g., trench cave-ins), and asphyxiation (in 
confined spaces) and drowning. 

Another research area that warrants expansion is the evaluation of prevention strategies. 
It is not enough simply to design and implement prevention strategies; it is necessary to 
evaluate these strategies to ensure they are having the intended effect. Although a strategy 
may be carefully designed to prevent injuries, unrecognized factors often diminish or 
eliminate a strategy's effectiveness once implemented. In addition, all strategies should be 
evaluated to ensure that their use does not result in increased risk for another injury. The 
results of such evaluations can help in the redesign or modification of injury prevention 
strategies. 

Prevention Issues 

Although much remains to be learned through research about effective countermeasures, 
there are already a number of known prevention strategies that can be implemented now. 

One approach to preventing injury is to address the three phases of injury (pre-event, event, 
postevent) to target the timing of the intervention or to develop prevention strategies. When 
coupled with the traditional epidemiologic model of agent, host, environment, and vehi­
cle/vector, this provides a matrix framework upon which to develop countermeasures. A 
combination of measures from all three phases should be used, with preference given to the 
most effective measure. 

Automatic (passive) protection and engineering controls are generally more effective than 
active protection, which requires workers to participate in their own injury prevention (50). 
Seat belts are an example of active protection because, although installation of seat belts is 
required by regulation, the driver must physically attach the manual seat belt or correctly 
position the automatic seat belt. This requires a conscious effort, putting the burden of 
protection on the driver. Air bags, on the other hand, provide automatic protection to 
vehicle occupants because they do not require the occupant's participation. Requiring that 
all vehicles used for work purposes (fleet vehicles) be equipped with air bags would 
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automatically provide a measure of protection to the vehicle occupants. For maximum 
protection, people should use seat belts even in a car with air bags; it has been shown that 
the presence of air bags does not result in decreased use of seat belts (51). 

Despite the great difficulty of changing individual behavior, there has been much emphasis 
on workers' behavior as the cause of injury and a corresponding tendency to blame the 
worker, often incorrectly. Automatic (passive) protection is too seldom used in the more 
hazardous industries such as agriculture and construction, despite the fact that it is more 
effective than "active" measures requiring effort on the part of each individual worker. In 
addition to air bags, examples of passive protection include machine guards and new types 
of syringes and other needle protective devices that prevent needlestick injury among 
hospital workers. Engineering controls are available for many known hazards but have not 
been systematically applied and evaluated. 

The difficulties in designing interventions relate to the necessity for collaborative research 
and interactions among scientists from many different disciplines. After risk factors are 
identified through epidemiologic research, the development of interventions requires a 
multidisciplinary approach involving engineering, biomechanics, and the behavioral sci­
ences. Laboratory research for developing injury interventions has not kept pace with 
laboratory capabilities supporting health-related problems in the workplace. For example, 
computer simulation could be used to establish a basis for improved performance for 
engineering controls in different workplace environments. Also, occupational hazards that 
are often not detectable by workers could be detected by using sensors that could be 
developed in the laboratory. There remains a need for laboratories that focus on developing 
passive worker protection systems. 

Several studies have evaluated employee perception of job hazards or injury risk. In one 
study, the authors noted that the perceived risk of injury was high for the use of vehicles, 
machinery, tools, and for falls (52). In another study, researchers used data from several 
different sources, including the Quality of Employment Survey (1977), the National Longi­
tudinal Survey of Young Men (1978), and the National Longitudinal Survey of Young 
Women (1980). When compared with BLS injury and illness data, the data from these 
studies showed a significant association between general worker dissatisfaction with work 
and reporting of hazards by women (53). This author also noted higher rates of dissatisfac­
tion among workers in more hazardous industries and suggested that workers are generally 
aware of occupational hazards. Such employees may have valuable insight and should be 
included in developing prevention strategies. 

Lack of employer compliance with Occupational Safety and Health Administration 
(OSHA) standards is a barrier to effective injury prevention. In a study by NIOSH, based 
on the National Occupational Exposure Survey, researchers found that only 72% of com­
panies included in the survey complied with OSHA record-keeping requirements (54). 
Surprisingly, companies that were established prior to 1970 (OSH Act implementation) 
more often maintained OSHA logs. Additionally, data collected under the NIOSH Fatal 
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Accident Circumstances and Epidemiology (FACE) project indicated that, of the deaths 
investigated, most might have been prevented if existing OSHA standards or known safe 
work practices had been implemented (unpublished FACE data, 1990). This problem is 
compounded by the fact that most existing OSHA standards and accepted safe work 
practices have not been systematically evaluated for effectiveness and many causes of 
workplace injury are not addressed by OSHA regulation (e.g., homicide, which is surpassed 
only by motor vehicles and machinery as a cause of work-related death). Furthermore, many 
workers in small companies or who are self-employed are at especially high risk of injury 
(e.g., farmers and commercial fishermen) but are not under OSHA jurisdiction and may not 
know that OSHA consultation is available to them. 

Government Regulation 

In the context of occupational injuries there is a unique opportunity to enforce prevention 
strategies by legally requiring that employers comply with safety standards set by OSHA or 
other government agencies. 

Government regulation by both federal and state agencies is a necessary but not sufficient 
part of an effort to prevent occupational injuries. OSHA, as the principal federal regulatory 
agency with this mission, has two principal functions: promulgating standards and enforcing 
them with inspections and penalties for noncompliance. Safety standards require employers 
to take certain steps, such as guarding machines, erecting barricades, maintaining walking 
and working surfaces, and providing adequate exits and fire suppression equipment. Under 
OSHA regulations, employers also have a "general duty" to provide for a safe workplace, 
regardless of whether a specific standard exists. Employers are also legally required to 
conduct certain medical examinations, inform workers about chemical hazards, make and 
maintain records, and report fatalities and serious injuries. OSHA inspectors have the 
authority to enter and inspect workplaces and may issue civil penalty citations if violations 
of standards are found, but workplaces with 10 or fewer employees are exempt from general 
schedule inspections. Under OSHA regulations, employers may also be prosecuted for 
criminal charges. Disputes are adjudicated in federal courts. Some nonfederal jurisdictions 
also prosecute employers on criminal charges based on serious injuries to workers (55). 

Although the OSHAct requires employers and employees to comply with OSHA standards 
and provides for enforcement of such standards by OSHA, the U.S. Congress intended that 
the goals of the law would be achieved by all parties working cooperatively towards reducing 
occupational injuries. The law was to build upon the advances made through employer and 
employee initiatives and to stimulate employers and employees to institute new and more 
effective programs. The OSHA Voluntary Protection Program (VPP) has reported success 
in reducing injuries, although some of the success may be due to self selection of participating 
companies. In 1988, 94% of the sites participating in VPP had injury incidence rates below 
their 1987 BLS industry classification rates. :Many also showed a decrease in rates of injuries 
resulting in lost workdays and an increase in injuries avoided. 
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With limited resources, OSHA's enforcement program is largely reactive. The majority of 
OSHA inspections are driven by fatalities, catastrophes (where five or more employees are 
injured), or complaints. With any additional resources, OSHA attempts to target more 
hazardous industries. Inspections are conducted with no advance notice, and sanctions are 
imposed after a first-instance violation to provide incentives to employers to remain in 
compliance with OSHA standards. 

The general structure and function of the Mine Safety and Health Administration (MSHA), 
which has jurisdiction over the mining industry, is the same as OSHA's although there are 
some important differences. For instance, all underground mines, with no exceptions, must 
be inspected four times each year, and all surface mines must be inspected twice each year. 
Furthermore, MSHA inspectors must issue citations if violations are found and may close 
down all or part of a mine if an imminent danger is found. Under OSHA, issuing citations 
is not mandatory, and workplaces can be closed only with a court order. 

Other regulatory agencies with authority that results in preventing injuries include the 
National Highway Transportation Safety Administration (NHTSA), the Federal Aviation 
Agency (FAA), the Federal Railroad Administration (FRA), and the U.S. Coast Guard 
(USCG), all in the U.S. Department of Transportation. These agencies regulate transpor­
tation on highways, airways, railways, and waterways, respectively, which are workplaces for 
many people. Their regulatory functions include specifications for vehicle and aircraft safety 
and licensing pilots and captains. Their emphasis is typically on the safety of the travelling 
public rather than on the prevention of injury to workers, such as truck drivers. As a result, 
strategies to protect workers have sometimes been neglected. 

Other agencies concerned with injury prevention include the Nuclear Regulatory Commis­
sion, which regulates nuclear power plants; the Environmental Protection Agency, which 
regulates the use of pesticides and the use and disposal of other toxic substances; and the 
Department of Energy, which is responsible for safety and health in its nuclear weapons 
facilities. 

Regulation is more likely to be effective if vigorously and conscientiously enforced. For 
example, regulation initiated with the passage of the Federal Coal Mine Health and Safety 
Act of 1969 was followed by a significant reduction in the rate of fatal mine injuries (56). 
When adjusted for the effects of rate changes in workers compensation, injury rates at 
specific workplaces showed a decrease for a year following OSHA inspections (57). An 
analysis of workplace fatalities in California showed that a limited but not insignificant 
number of deaths could have been prevented with stronger enforcement (58). 
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Where We Want To Be 

To be most effective, efforts to control occupational injury must be well integrated with other 
injury control efforts at the federal, state, and local levels, including efforts of both public 
and private entities. To do this, common frameworks for understanding injury occurrence 
and prevention must be applied. Furthermore, the special concerns associated with occu~ 
pational injury surveillance, research, and prevention need to be incorporated into all other 
elements of a national program. This includes (a) identifying occupationally related vari~ 
abIes in injury surveillance efforts throughout the spectrum of fatal and nonfatal injury; (b) 
designing, evaluating, and redesigning high~quality prevention programs that address work~ 
ers' on~ and off-the~job safety; ( c) providing acute care and rehabilitation services appro~ 
priate to specific occupational groups and injury problems; and (d) educating the public, 
decision-makers, management and labor, and key professional groups about occupational 
injury. 

With the changing nature of work, the nature of risks changes also. A predominant 
characteristic of U.S. employment growth in the last several decades has been the rapid 
growth in the service-producing sector and the decline in the goods-producing industries. 
Projections for the years 1988-2000 show this trend continuing (59). Major occupational 
groups projected to grow faster than the overall 15.3% for total employment (1988-2000) 
include technical and related support occupations; professional specialty occupations; 
executive, administrative, and managerial occupations; service occupations; and marketing 
and sales occupations (60). Especially noteworthy is the projected 4.8% decline in agricul~ 
tural occupations and only 1.5% increase among operators, fabricators, and laborers. 
Another trend is that nearly two women for every man will continue to enter the U.S. labor 
force and that by the year 2000, women will comprise 47% of the U.S. work force instead 
of the current 45%. Other groups whose representation in the labor force will increase are 
older workers, immigrants, non-English-speaking workers, and other minorities. One im~ 
pact of these trends is that the effects of injury prevention programs will be difficult to 
evaluate. 

Dimension of the Problem 

Year 2000 Occupational Safety and Health Objectives 

The Occupational Safety and Health Act of 1970 was intended to provide workers with a 
safe and healthful work environment. To determine if we are achieving this goa], it is 
necessary to monitor whether the numbers and rates of injuries and deaths are changing 
over time compared with a baseline of known occurrence and to evaluate whether preven­
tion strategies are effective. It is also necessary, because of limited resources, to set 
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long-term goals that include priorities for preventing occupational injuries. Such goals are 
contained in the Year 2000 Health Objectives for occupational safety and health, which 
were developed by the Department of Health and Human Services (61). 

Unfortunately, many Year 2000 Objectives are predicated on baseline data that reflect 
limited identification and ascertainment of the injuries of interest. In addition, the Year 
2000 Objectives are oriented towards only those injuries currently monitored by OSHA or 
BLS and thus exclude injuries to some high-risk occupational groups (such as the self-em­
ployed). Because improvements in surveillance systems will affect (increase) the reported 
numbers and rates of injuries, evaluating the true change in injury occurrence will be 
difficult. Thus any evaluation of success in meeting the Year 2000 Objectives should take 
into consideration this more comprehensive reporting of injuries. 

In addition to these objectives, it is important to examine sex-, age-, and race-specific 
occupational injury rates, as many demographic variables do affect the risk of injury or 
int1uence the injury outcome. For example, the Year 2000 Objectives may be attained 
because fatal injuries decrease among white males, while other risk groups with different 
exposures or risk factors may not be affected at all. This lack of homogeneity of effect may 
affect whether these objectives are truly achieved for all worker groups by the year 2000. 
Table 4lists selected Year 2000 Objectives relating to occupational safety and health. 

Ideally, all occupational injury should be considered unacceptable, especially severe trau­
matic occupational injury resulting in death: objectives that call for reductions should be 
considered minimal goals (Objectives 1 and 2 in Table 4). 

Table 4 
Selected Occupational Safety and Health Objectives from Healthy People 2000 

1. 
Reduce annual deaths from work-related injuries to no more than 4 per 100,000 full-time 
workers. (Baseline: 6 per 100,000 during 1983-87) 

2. 
Reduce annual work-related injuries resulting in medical treatment, lost time from work, 
or restricted work activity to no more than 6 cases per 100 full-time workers. 
(Baseline: 7.7 per 100 in 1987) 

3. 
Implement occupational safety and health plans in 50 states for the identification, 
management, and prevention of leading work-related diseases and injuries within the state. 
(Baseline: 10 states in 1989) 

4. 
Increase to at least 70% the proportion of work sites with 50 or more employees that have 
implemented programs on worker health and safety. 

5. 
Establish in 50 states either public health or labor department programs that provide 
consultation and assistance to small businesses attempting to implement safety and health 
programs for their employees. 

6. 
Increase to 75% the proportion of primary care providers who routinely elicit information 
about occupational health exposures as a part of the patient history and who provide 
relevant counseling. 
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Four industries (agriculture, forestry, and fishing; mining; construction; and transportation, 
communication, and public utilities) account for less than 20% of the workforce but 
contribute a disproportionate share of deaths - over 50% of occupational deaths, repre­
senting average annual rates of 20-28 per 100,000 workers (NTOF, 1980-86). 

It is important to distinguish bet\veen nonfatal and fatal injuries for the purposes of 
prevention strategies and goals; Objective 2 in Table 4 addresses this issue. Althoug~ the 
goal of primary prevention is to decrease injury occurrence regardless of outcome, etiologic 
studies may be needed to evaluate nonfatal and fatal injury separately because of different 
external causes and risk factors. For example, in the meatpacking industry, a prevention 
program that is designed to reduce nonfatal injuries related to materials handling and the 
use of knives may not decrease the number of deaths to these workers (62). 

Top priority should be given to requiring that all states implement occupational safety and 
health programs that go beyond current state or federal OSHA plans (Objective 3 in Table 
4). Such plans should be specific for each state, focusing on each state's most prevalent 
occupational injury and illness problems. The plans should include surveillance activity with 
identification and follow-up of high-priority industries and workers. 

Objective 4 in Table 3 calls for the proportion of worksites (with at least 50 employees) 
having worker safety and health programs to be increased to 70%. Aspects of these 
programs should include written safety and health policies, specific safe work procedures 
for hazardous tasks, personal protection requirements, provisions for training, and such 
activities as hazard identification and communication programs. Joint labor-management 
safety and health committees may provide mechanisms for development and implementa­
tion of such programs in some companies. 

Objective 5 in Table 4 relates directly to businesses or employers with few employees: all 
states (either through the state health department or the state labor department) are to 
establish consultation and assistance programs to aid small businesses in supporting occu­
pational safety and health programs for their employees. This is especially important 
because businesses with 10 or fewer employees are excluded from OSHA scheduled 
inspections even though they account for 74% of all U.S. businesses, according to the 
National Occupational Exposure Survey: Analysis Management Interview (63). The 
authors of one study noted that since OSHA was established, the involvement of many state 
health departments in occupational safety and health has decreased (64). These authors 
also cited a NIOSH survey that called for involving local agencies in technical assistance, 
training, and research activities, including surveillance and epidemiologic studies. 

BLS estimates have consistently shown that large firms with more than 500 employees have 
lower injury rates than do small firms. A 10-year (1977-1986) analysis of OSHA investiga­
tions by establishment size shows that establishments with fewer than 20 employees have 
the highest average injury rate (10 per 100,000) compared with less than 5 per 100,000 for 
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establishments with 20-99 employees, and 3 or less per 100,000 for establishments with 100 
or more employees (65). Similar high rates of 10 per 100,000 were seen during a 6-year 
period in Colorado for firms with fewer than 500 employees compared with rates of less 
than 2 per 100,000 for larger firms (27). Employees of establishments with fewer than 20 
employees accounted for 44% of the deaths in the OSHA investigation study and 37% of 
the deaths in the Colorado study. A Japan-based study, which showed an occupational 
fatality rate comparable with that of the United States, also noted a higher risk for small 
companies. This was attributed partially to the fact that larger companies may contract out 
more hazardous job tasks to smaller companies (66). This points to the need to develop 
interventions for small firms, with the greatest challenge being employers with a workforce 
of fewer than 11 and those who are self-employed. 

Objective 6 in Table 4 is to increase to at least 75% the proportion of primary care providers 
who ask specific questions about occupational safety and health problems during medical 
history questions and physical examinations. In addition to their more traditional occupa­
tional health role of treatment and counseling, physicians and occupational health nurses 
should also become more actively engaged in injury prevention at all levels, including 
identifying unusual or new workplace hazards that result in injuries, educating not only the 
injured worker but also management regarding hazards, and advocating for the implemen­
tation of effective prevention strategies (67). 

A comprehensive strategy to attain these six objectives must address the marked differences 
between rural and urban deaths due to occupational injury. NTOF rates tend to be 
considerably higher in rural than in urban states. For example, from 1980 to 1985, the 
highest rates (per 100,000 workers) were in rural states - Alaska (34.2), Wyoming (32.5), 
Montana (22.6), and Idaho (18.2) while the lowest rates were in heavily populated states -
Connecticut (1.6), Massachusetts (2.4), New York (2.7), Rhode Island (3.1), and New Jersey 
(3.7). Although few studies have examined rural and urban differences within a state, one 
finding from the Colorado sUlveillance study was that the rate offatal occupational injuries 
in the 53 rural counties was 5.4 times higher than that in the 6-county Denver area (20.2 
versus 3.8 per 100,000 workers). Whereas only 17% of the statewide workforce is in the 53 
rural counties, 47% of the incidents leading to occupational injury deaths occurred there 
(27). 

Through its rulemaking authority, OSHA is encouraging employers to institute safety and 
health programs. Beginning with OSHA's Hazard Communication Standard (1987), all 
employers were required to establish and operate a program to keep employees aware of 
the hazards of chemicals in their workplace. A natural extension of the Hazard Commu­
nication Standard would be a requirement that employers provide workers with information 
regarding major injury hazards and with methods for controlling the hazards and thereby 
reducing worker risk of workplace injury. The Hazard Communication Standard was 
followed by the Hazardous Waste Operations and Emergency Response Standard, which 
is the first OSHA standard that requires certain employers to develop and implement a 
complete safety and health program. Other examples include OSHA's Emergency Planning 
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and Fire Protection Standard, OSHA's Lockout Standard, and OSHA's "Red Meat Guide­
lines." In addition, in the late 1980s, OSHA issued its program management guidelines for 
assisting employers in setting up Occupational Safety and Health Programs. OSHA has 
continued this trend with proposed rulemaking for Process Safety Management for Highly 
Hazardous Chemicals (1990), which proposes that employers perform self-audits (inspec­
tions) to ensure that their own safety program is being properly followed. These programs 
require employers to monitor the effectiveness of their own programs and their status of 
compliance with OSHA standards. Employers who achieve a high level of compliance may 
see reduced injuries in the workplace, although the effectiveness of many safety standards 
and the overall effectiveness of the OSHA program have not been systematically studied 
and demonstrated. 

Commitment to the Goal: 
Education To Help Prevent Occupational Injury 

Everyone in our society must be committed to the goal of occupational injury prevention. 
In the following sections, tasks and responsibilities of various organizations and groups are 
outlined. However, there is one overriding activity that must be accomplished: that is, to 
make the American public - and particularly top management of U.S. businesses - aware 
of the effect of occupational injury on our society and convince everyone that this is 
unacceptable. 

One of the ways this can be accomplished is for the federal government to support a national, 
grass-roots initiative designed to broaden the public's appreciation of the need for occupa­
tional injury control and the understanding of injury control strategies. Such an effort can 
and should be patterned after existing federal programs for grass-roots groups (68). 

We should also educate our children, our country's future workforce. This should begin in 
the early grades, continue in secondary schools, and be an inherent part of business, 
engineering, agriculture, medicine and allied health fields, and related areas ofundergradu­
ate and graduate programs of colleges and universities. 

Researchers and practitioners must be trained in the disciplines that can positively impact 
injury control, particularly epidemiology and safety engineering. To influence safety prac­
tices change in a specific industry, injury prevention researchers and practitioners must also 
be conversant with the engineering and process control concepts and terminology pertinent 
to that industry. Modern occupational injury professionals must have the training and skills 
to develop injury surveillance systems, identify high-risk occupations and activities, recog­
nize and reduce hazards, develop and evaluate prevention programs, and help shape and 
communicate policies and strategies to reduce the probability of injury. 
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Above all, information about injury risk and prevention must be provided to the worker. 
Worker right-to-know legislation should be enhanced so that it mandates giving basic 
information about potential job hazards to all workers, sets up mechanisms for reporting, 
and facilitates mitigation of specific hazards. Communicating the risks of occupational 
injury to special groups of workers, such as those who do not speak English, must go beyond 
translating existing English brochures into other languages. Aggressive outreach programs 
are necessary to ensure that this information reaches these workers. Populations outside 
the mainstream of the American worker require unconventional methods, which may 
include the use of ethnic language newspapers and radio and television broadcasts. Points 
of contact may also include hiring halls and street corners where employers recruit daily 
laborers. 

Surveillance Issues 

A comprehensive,' national occupational injury reporting system should be developed to 
improve the timeliness, accuracy, and completeness of occupational injury surveillance at 
all levels - from the plant, facility, and company level to the level at which national trends 
are monitored and research priorities are established. By law, all occupational fatalities 
must be reported to OSHA. Ideally, all fatalities would be reported by employers and 
investigated by federal OSHA or state agencies according to standard fatality investigation 
protocols. All injuries would be recorded and submitted to the appropriate monitoring 
agencies. Ideally, all injuries would be reported by employees and recorded and investigated 
by employers, and techniques for hazard and exposure surveillance would be in place to 
guide prevention and research activities. Other fatality and injury reporting systems should 
be adjusted to enable injury prevention specialists to identify work-related injuries. For 
example, death certificates should include accurate "injury at work," occupation, and indus­
try information, both on the hard copy and in all computerized vital statistics files. 

The Occupational Safety and Health Act of 1970 requires the Secretary of Labor, in 
consultation with the Secretary of Health and Human Services, to develop and maintain an 
effective program to collect, compile, and analyze statistics on occupational injuries and 
illnesses. To improve inadequacies of the current system (10), the Bureau of Labor 
Statistics (in cooperation with many state governments) is developing a three-part survey 
program that (a) counts the number and frequency of work-related injuries and illnesses 
nationwide, (b) develops profiles of worker and case characteristics for lost worktime 
incidents in selected states, and (c) focuses on the circumstances surrounding those work­
related injuries and develops injury prevention techniques from the perspective of the 
injured worker. This proposed nationwide survey would be based on a uniform set of 
definitions for recordable injury and illness cases and their characteristics. 

Since 1971, the Bureau of Labor Statistics has developed fatality estimates as part of its 
annual sample survey of occupational injuries and illnesses. However, these estimates have 
undercounted many occupational fatalities (3,10,34). The Bureau is currently designing a 
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Census of Fatal Occupational Injuries that will be used to coordinate and integrate infor­
mation from death certificates, workers' compensation reports, and other administrative 
records. Besides private wage and salaried workers, the fatality count will include the 
self-employed, farmers on small farms, and workers in the public sector. In addition to 
providing more accurate counts of fatalities, this approach will permit more detailed analysis 
of the circumstances surrounding the incident and of the victim's characteristics than did 
past BLS surveillance data. 

The NIOSH Division of Safety Research conducts surveillance of fatal occupational injuries 
(through the NTOF project) and field investigations of selected occupational fatalities 
(through the FACE project) to obtain case-specific information for research and prevention 
efforts. NIOSH is developing a program that will expand and integrate these projects to 
collect more timely and detailed data to support more quantitative research. In conjunction 
with the current objective of assisting states to develop the capacity to conduct occupational 
health and safety research, NIOSH plans to initiate a state-based fatal occupational injury 
identification and investigation network. Integrating surveillance and investigative data at 
a state level, with timely information transfer on a national basis, will increase the validity 
and completeness of these data at the national level and will also enable states to develop 
projects and policies tailored to their specific needs. Such national surveillance systems 
should first be established for the most severe injuries; the first step would be to improve 
fatality reporting and the second to develop a method to record all hospital discharge data. 
In addition, in company-level data, injuries should be categorized as those causing death, 
those causing hospitalization, and those causing lost worktime. 

Conventional surveillance methods may fail to identify certain segments of the population 
at especially high risk for occupational injury, such as workers in some small businesses, or 
workers in the underground economy such as "sweatshops" and other places of employment 
that exploit undocumented workers. Methods must be developed for preventing injuries 
among these workers without exposing them to employer or immigration service retaliation. 

Research Issues 

Research should be planned and conducted by researchers and organizations representing 
multiple approaches and disciplines but sharing common priorities, objectives, and commu­
nication channels. 

Epidemiologists and statisticians in government, universities, and other public and private 
organizations, should coordinate their data collection and analysis efforts to (a) improve 
and standardize occupational injury surveillance systems, (b) systematically and compre­
hensively describe the occupational injury experience in the United States, and ( c) develop 
and test hypotheses aimed at identifying injury risk factors via the study of specific injury 
problems in specific populations. Public and private sector administrators, policymakers, 

Occupational Injury Prevention-Where We Want To Be 
353 



management, and labor should join forces at the national level to set priorities for research 
and prevention efforts. 

Engineers, ergonomists, safety professionals, industrial hygienists, and experts in 
biomechanics and the behavioral sciences should address the most compelling problem 
areas by studying the components of workplace systems (including people), and the 
processes, tasks, and tools involved to identify potential causal mechanisms, opportunities 
for intervention, and potentially applicable prevention strategies. 

Teams of engineers and other' technical specialists should use emerging modeling and 
computer simulation technologies to study the processes, forces, and factors operating in 
the workplace and to move the consideration of system safety more and more into the 
conceptual and design phases of system development. Research and development efforts 
should emphasize IIpassiveli rather than lIactiveli measures of prevention, such as the design 
of workstation and worker protective systems incorporating intelligent micro environments 
that feature sensors, microprocessors, adaptive protective mechanisms, and display and 
imaging technology to protect workers and warn them of hazardous conditions or their 
onset. 

Evaluative research should be increased dramatically as the wide array of potential preven­
tive strategies, including existing or planned safety regulations and information dissemina­
tion/risk communication efforts, need to be tested for relative eff.~ctiveness under variable 
conditions and workplace characteristics. 

The close collaboration of specialists, particularly those of the engineering-oriented disci­
plines with epidemiologists and statisticians, will be critical to the design of research that 
leads to the identification, implementation, communication, and evaluation of injury pre­
vention strategies. Epidemiology offers a perspective on the phenomena associated with 
injury that augments the engineering perspective, and vice versa. 

Prevention Issues 

Initial prevention efforts should include implementing and evaluating available injury 
control technologies and strategies. Applicable standards and other guidance should be 
closely followed and compliance stringently enforced. Programs emphasizing the transfer 
and sharing of effective preventive technology, among companies and countries alike, 
should be developed or expanded, with a particular emphasis on making cost-effective injury 
prevention technology available to businesses that could not otherwise afford it. 

The mandates of OSHA and NIOSH should be expanded to include all workers, including 
the self-employed, those employed by small companies, and those with jobs in transportation 
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and the public sector. Even though other agencies have jurisdiction over some aspects of 
safety, OSHA should still address an situations involving worker safety. For example, even 
though the Department of Transportation has jurisdiction over the safety of the travelling 
public, OSHA should address issues concerning the safety of workers who travel as part of 
their jobs. 

Model safety programs should be widely available for adoption and adaptation by specific 
employers, with public and private sector worker safety organizations tending more toward 
consultative and cooperative roles. 

The legal and moral rights of workers and unions to act to prevent injuries and to participate 
in hazard abatement should be expanded (while also providing reasonable protection for 
employer interests). Workers' rights should include the following: 

• Enhanced worker right~to~know legislation that provides basic information about job 
hazards and the mechanisms for reporting and facilitating mitigation of specific hazards. 

• Strengthened protection for workers who refuse to perform hazardous work that may 
violate safety standards or which exposes them to risk of serious injury or death. 

• Enforcement of the right of individual workers to challenge retaliatory discharge for 
exercising their rights under the OSH Act. 

• A mandate for worker participation in worksite inspections by regulatory agencies, 
including "walkaround pay" for participation in all phases of an inspection (from initial 
interview through closing conference). 

• Expanded worker participation in OSHA proceedings from issuance of a citation 
through final adjudication. 

• Right of access to the worksite for workers, their representatives, and consultants to 
investigate hazards and injuries. 

As corporate leaders, industrial planners, equipment and tool manufacturers, union leaders, 
employers, and others making decisions that affect workplace safety grow more aware of 
the benefits of safe, injury~free systems, prevention should evolve from its reliance on 
education, personal protection, safeguarding, and retrofitting to the design of intrinsically 
safe systems incorporating integral, non obtrusive, passive controls. 
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How We Get There 

A Summary of Recommendations 

The following recommendations are based on four changes needed to realize the goal of 
preventing occupational injury. These changes are (a) increased research on the factors 
associated with high injury risk, which requires increased resources (money and personnel); 
(b) increased education about occupational injuries aimed at workers, employers, the 
public, and legislative bodies that set research priorities; ( c) increased collaboration and 
coordination to eliminate gaps, redundancy, and adversarial relationships (whether among 
governmental agencies or between labor and management); and (d) improved leadership 
in preventing injuries by promoting compliance with OSHA standards and by implementing 
preventive strategies that have proved effective. 

Federal Organizations 

Congress 

Congress should appropriate the funds necessary to support occupational injury surveillance 
and research as it recently did in appropriating money for NIOSH to conduct research in 
agricultural and construction safety and health. Congress should also increase resources 
(budget and staff) for government agencies funding or conducting occupational injury 
research or other prevention-related activities, such as developing and enforcingjdb safety 
standards. 

Congress should also increase resources that are needed for training occupational injury 
prevention specialists; these resources should go to academic and research centers such as 
the NIOSH Educational Resource Centers. 

Congress should adequately fund efforts by the Department of Labor (specifically OSHA 
and BLS) to improve and maintain a surveillance system that uses standardized coding and 
includes workers' compensation claims from all states in order to support research based 
upon these data. 

In addition to appropriating funds, Congress can play an important role by providing 
legislative mandates promoting occupational injury prevention and research. Congress 
should create a legislative mandate to allow OSHA to increase responsibility, authority, and 
activities for the safety of all U.S. workers, including employees in small businesses, the 
self-employed, and all workers in transportation, agriculture, and the public sector. In 
addition, Congress should pass legislation that expands criminal prosecution (not merely 
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monetary penalties) for employers whose willful disregard for human life and welfare results 
in fatal or serious injuries to workers. Congress should also mandate the legal right for 
workers to participate actively in their own injury prevention, including their right of access 
to the worksite for investigating hazards. Congress should also strengthen the protection 
for workers who refuse to perform hazardous work. 

Federal Agencies 

All organizations within the Public Health Service should help parties involved in occupa­
tional injury prevention activities, including private sector organizations, Ito communicate 
to the public that occupational injury is a serious issue. Many federal government agencies 
are directly responsible for or are indirectly involved in occupational injury prevention. 
These agencies need to collaborate to promote occupational injury prevention as a high 
priority in all federal agency programs. 

The federal government (as a large employer) should also set an example with its own 
programs to reduce injuries to government workers (e.g., purchasing only cars equipped 
with air bags for government fleets) and to workers employed by contractors paid by federal 
dollars. All federally sponsored loans and contracts ~hould be denied to employers with a 
record of noncompliance with OSHA standards or who lack injury prevention programs. 
Audits should be conducted to determine compliance with OSHA standards as well as 
countermeasures that are known to be effective. All federal construction contracts should 
have an injury prevention component built into the contract bidding process in the same 
manner that financial stability is included. Potential bidders should be required to demon­
strate a low rate of injuries, sufficient injury prevention activities, and compliance with safety 
standards, or they should be eliminated from the bidding process. NIOSH should serve as 
a model and should help other government agencies develop injury prevention programs. 

Government agencies should develop an award program for employers or trade associations 
that demonstrate effective injury prevention efforts. This program should be highly publi­
cized to provide an incentive for companies to accurately identify, report, and record 
occupational injuries and then develop prevention programs that provide examples of 
positive cost-benefit studies for injury prevention. 

Documentation of effectiveness of prevention strategies, like the documentation of vaccine 
efficacy in preventing infectious diseases, should be mandated at the federal level, with 
augmentation in funding to mount an effective program. 

Under NIOSH's leadership, Department of Labor (DOL) and other federal agencies and 
academic researchers involved in occupational safety and health research should collaho­
rate in designing a model surveillance system for recording injury morbidity and mortality. 
To conserve scarce resources and to promote consistency of data, those involved should 
avoid duplication of efforts. Groups that have overlapping data needs should cooperate 
and coordinate to produce a single data collection instrument that would be the basis for a 
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central national system. The model surveillance system should cover all needs of different 
groups. Data elements and coding criteria should be standardized. A set of data elements 
and coding criteria that would be common to existing occupational injury surveillance 
systems should be developed and used. National systems such as the NTOF, BLS, and 
FACE databases, the National Council for Compensation Insurers database, state-based 
surveillance sy~~ems and workers compensation data, and local trauma registries may be 
used in designing model systems. A surveillance system similar to that of the Mine Safety 
and Health Administration, which requires reporting of all injuries, hours worked, number 
of employees at risk, and near-hits or events that could have resulted in a severe injury should 
be considered. 

While this strategy defines a coherent plan for accumulating better surveillance data, there 
are step$ f.easible now that can help us move towards improved surveillance. The first step 
is for NIOSH to expand existing national surveillance systems to include reporting of 
sentinel, nonfatal injuries (e.g., those requiring hospitalization), especially for high-risk 
industries such as agriculture or construction. In addition, NIOSH should expand the FACE 
project in all states to include all causes of traumatic occupational fatalities. The BLS should 
continue to develop its Census of Fatal Occupational Injuries program and establish its 
revised Occupational Safety and Health Survey. 

The second step is to identify and enumerate workers at risk; NIOSH needs to work with 
the BLS and the Bureau of Census to improve the enumeration or estimates of all worker 
populations, especially those currently not included in BLS data systems. Better denomina­
tor data or the number of workers in given occupations, are necessary to understand fully 
the magnitude of the problem. 

NIOSH, as the lead federal agency mandated to conduct research on occupational injuries, 
should expand its program more into research and interventions as opposed to surveillance. 
NIOSH should also identify and study populations of workers at high risk that have been 
inadequately addressed (e.g., workers in small businesses, the self-employed, children and 
adolescents, minority workers, public sector employees, and temporary, migrant, or sea­
sonal workers). 

NIOSH needs to expand its dissemination of information to include those who are at risk 
of injury, the workers. Work hazards and the strategies aimed at preventing injuries 
associated with these hazards should be communicated to workers as well as employers. 

OSHA needs to expand its program of standard development, standard enforcement, 
inspection, and evaluation. First, OSHA should conduct random inspections of small 
companies, including those currently excluded from federal OSHA compliance (e.g., small 
farms with less than 11 employees). OSHA should also target inspection strategies and 
evaluate which inspection plans work best for different industries. 
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OSHA should also increase enforcement of the general duty clause for workers to whom no 
standards apply, such as those whose workplace is a motor vehicle. OSHA programs should 
be developed for public sector workers in every state, because these workers are not 
currently regulated by federal OSHA. Such programs should include workers in highway 
departments, correctional institutions, and state hospitals. 

OSHA should enforce increased compliance with its existing standards. In addition, OSHA, 
in collaboration with NIOSH and MSHA, should develop methods for quantitatively 
evaluating standards; ineffective standards should be modified and re-evaluated. Standards 
should also be developed to address hazards not covered by existing standards, such as newly 
identified hazards. For example, standards could be developed to reduce the risk of 
intentional injury in situations such as the shooting of taxi drivers and workers at convenience 
stores. Information dissemination efforts, worker education and training, and specific 
regulatory processes should also be evaluated at the federal level. If in certain settings, these 
measures are found to be ineffective, they should be revised. However, if there is rt:asonable 
evidence that a strategy is effective, it should be implemented immediately rather than 
waiting for definitive proof of its effectiveness. 

OSHA needs to use injury data (obtained through BLS and NIOSH surveillance and 
research activities) to set rulemaking priorities that will lead to new and improved standards. 
OSHA should extend the concept of hazard communication by promUlgating a standard 
that requires employers to provide workers with information regarding major injury hazards 
and methods for controlling the hazards. Worker right-to-know legislation should be 
enhanced to ensure that all workers have basic information regarding potential job hazards 
and mechanisms for reporting and facilitating mitigation of specific hazards. 

Vital statistics data provide information on occupational deaths; however, these data could 
be considerably more useful if modified to be better adapted for use in occupational 
mortality surveillance. NCHS should provide state~ with resources and encourage states to 
routinely complete the injury-at-work box on death certificates and expand efforts to provide 
training on how to complete this item. All death certificates that indicate injury at work 
should include the decedent's usual and current occupation and should be industry coded 
and computerized with coding rules developed by NIOSH, NCHS, and the Bureau of the 
Census. 

Agriculture has been shown to be a high-risk industry, yet OSHA has no jurisdiction to 
regulate many farms. The U.S. Department of Agriculture (USDA) should collaborate with 
NIOSH in its outreach effort to improve safety and health in agriculture and rural small 
businesses (for states with USDA jurisdiction over small business). 
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State and Local Government 

State, county, and local governments need to focus on occupational injury priorities within 
their boundaries in addition to supporting and responding to the need for standardized, 
national data. Each state should designate a lead agency to coordinate occupational injury 
prevention and control activities involving all relevant state agencies that deal with health, 
labor~ workers' compensation, highway safety, emergency medical services, vital statistics, 
law enforcement, and agriculture. These agencies should cooperate in identifying research 
needs, using state data to identify risk factors for occupational injury, and developing and 
evaluating prevention strategies. Occupational injury control activities should be coordi­
nated with all other injury control activities at the state and local level. Although attention 
to occupational injury historically has been separated from other areas of injury research 
and control, efforts to prevent occupational injury must be well integrated with other injury 
prevention efforts at the state and local level (in addition to the federal level) as well as 
private and public programs. To facilitate this integration, officials must apply common 
standards for studying and preventing all injuries. 

The focus of centers for injury research or prevention should be expanded to include 
occupational injury. In addition to their other activities, these centers should train profes­
sionals in occupational injury prevention, provide continuing education credits in occupa­
tional injury prevention, and support research directed towards occupational injury. 

State health departments or other state agencies should be actively involved in the onsite 
investigation of all work-related deaths, especially those not investigated by OSHA, MSHA, 
or the National Traffic Safety Board. These deaths should be investigated in a similar 
manner to deaths from communicable diseases. Surveillance data and copies of the inves­
tigative reports should be provided to federal agencies such as OSHA and NIOSH. Worker 
injury prevention programs should be developed at the city, county, or state level for workers 
who are in the public sector. 

Local prosecuting attorneys and law enforcement officials should be encouraged to inves­
tigate severe injuries (resulting in death or permanent disability) and to pursue criminal 
prosecution of employers who willfully violate OSHA standards or show evidence of 
criminal negligence. 

Medical examiners and coroners in states and counties should indicate on their investigation 
forms whether a death is work-related and should code and computerize this information 
to facilitate research based upon these data. State vital statistics departments should also 
code and computerize this information. State agencies should require that injury-at-work 
information be included on hospital discharge records in addition to external cause-of-injury 
coding. 

State and local permit and licensing requirements (e.g., for construction permits) should 
include worker safety as the primary consideration in the application process. 

Occupational Injury Prevention-How We Get There 
361 



Employees and Unions 

Employees and unions need to exercise their right to a safe workplace by becoming more 
active in all aspects of workplace safety. A key to employees' preventing occupational 
injuries is the right to refuse tasks that expose them to serious hazards or that violate 
established safety standards. Unions should promote occupational injury prevention 
through increased involvement in OSHA standard setting and enforcement and through 
collective bargaining that places the highest priority on safe working conditions for employ­
ees. Unions and employers should work together to address effectively the safety and health 
concerns of all members and employees. Common areas of interest include developing and 
establishing injury surveillance systems and ensuring that employers implement and evalu­
ate comprehensive injury prevention programs. Another way that workers can actively 
participate is by identifying and reporting potential hazards in their workplaces. Workers 
should also actively participate in federal efforts to develop injury prevention priorities and 
strategy. 

Unions should help promote occupational injury prevention for workers who do not work 
in a defined workplace or within a corporate structure. Nonunion employees should, 
individually and in groups, fully use their rights to promote safe workplaces. In all work 
settings, employees share with employers the responsibility for safe work pri3ctices. Unions 
should energetically work to convince their members to comply with company, state, and 
federal safety rules. 

Workers should participate (with full salary) in all phases of worksite inspections by 
regulatory agencies, from the initial interview through the closing conference. In addition, 
workers should become actively involved in OSHA proceedings, from the issuance of a 
citation to the company through the final adjudication. Workers should also exercise their 
rights under the OSH Act to file their own legal actions, such as challenging retaliatory 
discipline or discrimination for exercising their safety and health rights. 

Employers and Companies 

While it has been clearly established that employers have assumed their responsibility to 
comply with OSHA standards, they should also incorporate other injury prevention strate­
gies into their corporate policy and practice. For instance, companies should establish safety 
and health committees and begin processes that involve and empower workers to monitor 
overall work-related safety and health conditions. Committees should include employee 
representatives as well as representatives from the occupational safety and health team (e.g., 
physicians, nurses, injury prevention and safety specialists, industrial hygienists, and safety 
engineers ). 

Employers, in collaboration with employees and unions, should establish plant- and com­
pany-based surveillance and research systems, based on and consistent or comparable with 
the national systems. These should be used to develop and evaluate injury prevention 
strategies. Employers, employees, and union members should work together to ensure that 
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potential hazards are systematically identified and that training programs are built around 
job hazard analyses. An example of productive collaboration between workers/unions and 
employer/management is the joint programs of the United Autoworkers and the Ford 
Motor Company. Using money set aside by collective bargaining agreements, theyestab­
lished a National Joint Committee on Health and Safety that has since conducted several 
specialized health and safety training programs. A recent program includes training over 
100,000 hourly workers and their supervisors to recognize potential hazards at each work 
station and instructing these workers on the procedures to follow to have the company 
eliminate such hazards. 

All work-related injuries, not only those resulting in lost time, should be identified, reported, 
and recorded. Employers should support worker- or union-developed studies and research 
needs. Comprehensive studies on both mortality and morbidity associated with different 
job tasks within different industries should be emphasized. Hazards should be identified 
before they result in injury to a worker. This is especially important as a company introduces 
new technology into the workplace. Before and during this transition, the company must 
evaluate the impact this new technology will have on worker safety. 

Minor injuries and near-hits often precede more severe outcomes and generally indicate 
inefficient and/or degraded process control. Given an appropriate safety climate, workers 
and supervisors can play very beneficial roles in detecting hazards and suggesting corrective 
actions. Employers should encourage workers to identify and report hazards. Employers 
or labor-management committees (where feasible) should investigate all injuries and near­
hit events, and immediately begin to develop procedures that prevent recurrence, rather 
than waiting until many workers have been injured before beginning data analysis. Preven­
tion strategies should emphasize engineering controls and injury countermeasures that do 
not place the burden of responsibility upon the worker at risk. Although it is preferable that 
employers use "state-of-the-art" countermeasures, they often must settle for the most 
effective ones that their resources will permit. 

Companies should incorporate injury surveillance, research, and prevention into the corpo­
rate medical, safety engineering, or other appropriate existing organizational structures. 
Although most companies do not have the resources to have an epidemiologist trained in 
occupational injury, each company should have someone on its staff who is responsible for 
the surveillance of injuries and for safety engineering (such as hazard identification and 
engineering controls). These persons should be dedicated to preventing occupational 
injuries using the public health approach. 

Companies should develop expertise in identifying major hazards and high-risk work 
activities and in evaluating injury prevention programs (by hiring experts, training their staff, 
or consulting with academic researchers). As the larger companies with more resources 
develop this capacity, they should disseminate information on effective prevention strategies 
to smaller companies. Company representatives should attend industry-wide professional 
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meetings and share information about effective injury prevention countermeasures and 
cost- benefit studies. 

Companies should develop, implement, and enforce a comprehensive injury prevention 
program that includes training for employees. This training should include not only the 
specific skills needed to perform a particular job when the process is operating normally, 
but also information on what to do when the process malfunctions or needs adjustment or 
repair. All employees should also receive orientation to general safe work practices and 
education relevant to their job duties and the environment in which they work. This training 
should be immediately given to all new employees and to veteran employees on a continuing 
basis. Programs currently available to help companies develop safety programs include the 
Network for Employers for Traffic Safety (NETS), which was designed to assist employers 
establish comprehensive highway safety programs for employees. 

Employers should make safety a part of all company activities and procedures from 
procurement to quality assurance. Workplace design factors must be considered in the 
bidding specifications for the equipment that will be purchased or constructed for the 
production process. For example, purchasing agents must not negotiate away specifications 
related to safety features in exchange for a lower price or faster delivery schedule. For 
existing operations, process reviews should involve a team approach (engineering, quality, 
and safety), with input from operators who have actually been running the process. Occu­
pational safety and health should be the IIbottom linell component of all company activities. 

Companies should emphasize prevention efforts that focus on implementing and evaluating 
available injury control technologies and strategies .. Applicable standards and other guid­
ance should be closely followed and compliance stringently enforced. 

Employers should assume an active role in modifying the workplace to help people who 
receive a permanent disability return to work. Returning to work after incurring a disability 
is an important' part of the injured person's adjustment and reintegration into society. 
Because there is greater potential to control the work environment (compared to the 
community), it is possible to place the burden of responsibility for enabling the disabled 
person to return to work on the employer rather than the disabled worker. Employers should 
develop and implement rehabilitation programs that comply with requirements outlined in 
the Americans with Disabilities Act. 

As part of the company program to prevent disability associated with workplace injury, the 
company should provide emergency medical care at the worksite for all those injured at 
work. This care may range from an occupational health nurse and physician on site at all 
times to local emergency medical services that can reach the worksite rapidly enough to 
provide early intervention after injury. 

Occupational Injury Prevention-How We Get There 
364 



All publicly owned companies should include a report on occupational safety and health in 
their annual reports and should have annual safety conferences that are chaired by the 
company executive officer. 

Insurance Companies 

Insurance companies can directly benefit from decreased injury in the workplace and can 
contribute to this decrease in several ways. Insurance companies should provide policy 
holders with information about the financial benefits of injury prevention programs. Insur­
ance companies that provide workers' compensation to large 'lnd small companies could 
provide the expertise to enable these companies to develop and implement prevention 
strategies. 

Insurance companies should cooperate with other organizations and their clients to encour­
age sharing of data and prevention strategies and help increase cooperation and collabora­
tion between government agencies and other groups. Officials operating state and federal 
workers' compensation programs should work with other federal and state officials to 
standardize, refine, clnd analyze data collected through injury reports from workers and 
employers. 

Academic and Research Centers 

The federal government currently sponsors a number of research and training centers 
around the country, including the Educational Resource Centers CERCs) and Centers for 
Excellence sponsored by CDC's NIOSH and the Injury Control Research Centers spon­
sored by CDC's National Center for Environmental Health and Injury Control. These 
centers should offer multidisciplinary and comprehensive training in the prevention and 
control of occupational injury. Their graduates should have the knowledge and skills to 
develop and implement effective occupational safety and health programs and the means 
to evaluate the impact of such programs. These programs should be linked with state and 
local agencies involved in occupational safety and health; collaborative activities with local 
and regional industry should be encouraged and supported; and outreach activities should 
be conducted for current and future labor and business leaders and managers. 

Using a multidisciplinary approach, academic and research centers should conduct research 
on injury occurrence, risk factors, and prevention strategies. Epidemiologists and biostatis­
ticians should lead the way in identifying and describing cases through surveillance and 
research, identifying risk factors through analytic epidemiology, and evaluating preventive 
strategies. An important component of occupational injury surveillance and research is the 
development of a standardized definition of work-related injury. Academic researchers 
should work with NIOSH and DOL to develop a definition that would cover all the needs 
of different groups and that would be consistent or at least translate across different data 
sources and surveillance systems. 
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Research efforts should focus on injuries that most often result in death or severe disability 
(e.g., brain and spinal cord injuries, burns, and amputations) because of their impact on the 
individual, family, and society. Research should also focus on high-risk industries and 
occupations (agriculture, construction, transportation, mining, laborers, truck drivers, etc.); 
on high-risk states or regions (e.g., rural areas); and high-frequency injuries, regardless of 
severity, that can be easily prevented. As surveillance capabilities improve, other problem 
areas will be identified. 

Researchers should examine sex-, age-, and race-specific rates, as well as how other variables 
affect risk of injury. Special emphasis should be placed on conducting research concerning 
older, part-time, and self-employed workers; public sector workers; military employees; 
women; and minorities. Because fewer members of these groups are at risk or because 
estimating the number at risk is especially difficult, these populations are often excluded 
from studies. As an adequate baseline of descriptive information becomes available through 
the surveillance and research activities described, researchers should begin to test etiologic 
hypotheses and determine the causal pathway of occupational injuries by using more 
rigorous, quantitative studies. 

Laboratory-based researchers should emphasize the development of "passive" rather than 
"active" prevention strategies. NIOSH researchers, in concert with researchers in academic 
institutions and industry, should develop the necessary laboratory capabilities for developing 
and evaluating passive worker protection systems, ergonomics, biomechanics, safety hazard 
sensors, and the human factors involved in occupational injury. Laboratory researchers 
should make increased use of technological tools in injury prevention research (e.g., com­
puter simulation to simulate the workplace and predict injury on the basis of changes in the 
job task or workplace). 

In addition to conducting occupational injury research, academic institutions must work 
toward incorporating principles of injury prevention into curricula for business, architecture, 
engineering, medical, public health, agriculture, and nursing schools. Improved prevention­
oriented curricula must be developed for safety engineers and other professionals. Medical 
schools should substantially increase training in occupational medicine for students, and 
occupational injury prevention should be included on board examinations in relevant 
specialties such as internal medicine and orthopedics. To be accredited, schools of public 
health should be required to offer coursework devoted to occupational injury control; they 
should also ensure that all students are exposed to information about injury epidemiology 
and control within their core, required courses. The nation's business schools, which have 
neglected important opportunities in injury prevention, should be encouraged to focus on 
occupational safety and health and to make injury prevention a curriculum priority. 

Occupational and injury prevention information should be included in curricula beginning 
at the elementary and high school levels, particularly in secondary school science, industrial 
arts, home economics, and vocational-technical programs. Instructors of these courses or 
components should teach the scientific concepts that form the basis for injury prevention. 
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They should also emphasize that occupational injuries are preventable and can most 
effectively be prevented by designing the working environment, equipment, and tasks to 
minimize hazards. Vocational counselors should receive training in the injury risks faced in 
various occupations. 

Once there is research supporting prevention strategies, these strategies should be imple­
mented and evaluated to determine their effectiveness. Academic and research centers 
should develop and evaluate injury prevention and control strategies in collaboration with 
federal and state agencies and representatives of the private sector, including employers, 
workers, and advocacy groups. 

Advocacy Groups 

Advocacy groups can play an important role in helping to focus the attention of the public 
and legislators on the problem of occupational injury. Advocacy groups should help 
promote state and federal legislation that enhances the protection of workers and ensures 
that more funding will be provided for training and research (similar to what has occurred 
with the AIDS movement). Advocacy groups should also develop a national grass roots 
organizat:1n (similar to Mothers Against Drunk Driving) to educate the public on the 
problem of occupational injuries. In addition, advocacy groups should work with employers 
in the private sector to establish occupational injury prevention as a top priority. 

Media 

People who work in the media can educate both workers and the genera] public by improving 
reporting of circumstances, economic and social costs, and preventability of occupational 
injury; by disseminating summaries of studies to major news groups; and by advertising the 
magnitude of the problem. Journalists and other media personnel could help establish 
occupational injury as an important public health problem by increasing visibility through 
promoting public service announcements that portray behaviors and actions which incor­
porate occupational injury prevention principles. Media personnel could also help by 
dispelling the current myths on injury causation. 

Professional Associations 

Professional associations should also help educate the public. These associations (e.g., 
Association of State and Territorial Health Officers or Council of State and Territorial 
Epidemiologists) should help state health departments implement surveillance systems and 
support legislation relating to occupational injury prevention. 

The Council of Professional Associations on Federal Statistics should enlist the participation 
of BLS, NIOSH, OSHA, NCHS, and congressional staff to develop ways of obtaining 
appropriate data for national surveillance and research of occupational injuries. 
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Different professional associations need to develop methods for exchanging information 
(e.g., soliciting papers for professional conferences from members of disciplines related to 
injury prevention). Professional associations that might be involved in this exchange include 
the American Public Health Association, the American Society of Safety Engineers, and the 
American Association of Occupational Health Nurses. Associations of health-care profes­
sionals that provide or require continuing education credits to members should include 
credits in occupational injury prevention. 

Private Foundations 

Private foundations should give high priority to funding research and education directed 
towards preventing occupational injuries. 

Conclusion 

Occupational injury is a public health problem that demands immediate attention. Al­
though there are constraints that have diminished our past and affect our present success 
in preventing injuries to U.S. workers, there are also data and prevention strategies available 
now that should be used to protect workers today. We must improve our surveillance and 
research capabilities, and we must develop, implement, and evaluate successful counter­
measures to injury. The recommendations included in this chapter provide a template that 
can help us move towards the goal of preventing work-related injury in the United States. 
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Where WeAre 

I ntrod uction 

The absence of clear modern definitions of the words "injury" and "trauma" has prompted 
the need to clarify how these terms are used in this paper. Trauma is the medical term for 
a bodily injury or wound and covers a broad spectrum of severity, ranging from minor to 
critical. In this document, discussion focuses primarily on those bodily injuries that are 
caused by an external force and treated in acute care institutions. Major trauma is a subset 
of injuries that encompasses the most severe or critical types of injury and therefore requires 
a systems (i.e., a trauma care system) approach and the resources of a trauma center, when 
available, in order to save life or limb. 

The impact of trauma on Americans is great: injuries, both intentional and unintentional, 
take a large toll on our society in terms of death and disability, and they create major 
problems in lost productivity and medical care costs. Trauma is the leading cause of death 
in the United States. Children die of injury more often than of all diseases combined. Each 
year, one in four Americans will be injured seriously enough to require medical treatment. 
The toll in death, disability, and economic loss resulting from trauma is huge and mounting 
yearly, whereas our Nation's ability to manage the problem is declining. Legislation to 
implement trauma care systems is inadequate, established trauma centers are closing, and 
the motivation for health care professionals to enter the field is diminishing. 

And yet, trauma care systems - the locally coordinated approach to swift identification of 
injured persons and subsequent transportation to optimal care - are known to be spec­
tacularly successful in reducing preventable deaths and associated losses. Systems such as 
those in place in Maryland, Virginia, Pennsylvania, and California save life and limb 
hundreds of times each day. Many citizens assume that if they are severely injured, an 
ambulance will promptly arrive and take them to the nearest hospital, which will be ready 
and waiting to provide optimal treatment for their injuries. However, large geographical 
gaps among "systems" create a situation in which an injured person's likelihood of survival 
often depends on where and even what time of day the person happens to be injured. 

Trauma care systems need (a) to be cost-effective and (b) to provide optimal medical care 
to all persons. Ideally, trauma care systems provide a continuum of care including preven­
tion, prehospita] care, acute care, and rehabilitation. Effective trauma care can best be 
accomplished by an integrated system that encompasses all hospitals treating injured 
persons. This can be described as an inclusive system. A comprehensive systems approach 
can minimize geographic or geopolitical constraints and provide high-quality medical care 
to an Americans. 
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This paper, with contributions from 22 trauma experts, 

• Examines the current status of trauma care systems in the United States 
(Where We Are); 

• Describes the ideal trauma care system (Where We Want To Be); 

• Outlines the main challenges before us and offers solutions (How We Get There). 

Where WeAre 

Today's trauma care systems are exclusive, in that they have focused on the identification 
of major trauma patients and their triage to a trauma center. This effort has been successful 
where implemented, creating islands of excellence scattered through the country. Such 
systems unequivocally save lives, but their survival is threatened by high costs and poor 
reimbursement. 

Where We Want To Be 

Inclusive trauma care systems are the ideal for the future; they address the needs of all 
injured patients and identify the roles of the institutions that serve them. Inherent in the 
concept of inclusive systems is the belief that rural as well as urban trauma patients should 
receive optimal care. Also imperative is the development and maintenance of a national 
uniform data set for trauma care that includes case criteria and definitions for performance 
and outcome measures pertinent to prehospital, hospital, and rehabilitation services. 

Accompanying the data set, there should be national guidelines for standardized methods 
of the collection, analysis, and reporting of trauma data appropriate for use by all emergency 
medical services (EMS) systems, acute care institutions, and specialty institutions. These 
national standards for trauma care data systems will facilitate the development of a data 
base useful for system evaluation, quality of care assessment, patient outcome studies, and 
accurate cost analysis. Equitable payment plans are vital to the success of trauma care 
centers. Only when the cost-effectiveness of trauma care systems is proven will long-term 
viability be assured. 

How We Get There 

Many challenges must be met if all injured persons are to receive optimal trauma care. This 
paper identifies potential solutions that might help effect change. Trauma is preventable, 
and all trauma care systems must have a major commitment to injury prevention programs. 
Today's trauma systems are driven by the "major" (severely injured) trauma patient who 
requires immediate treatment, optimally at a trauma center hospital, in order to save life or 
limb (Figure 1). In designing and developing these s.ystems, some planners have excluded 
nontrauma center hospitals from consideration of how the system will meet the community's 
trauma care needs. The scope of the trauma care system needs to be expanded to include 
all hospitals that provide care to persons who are injured in the geographic region served 
by the system. This inclusive approach to trauma care systems, in which all acute care 
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hospitals participate, has the capacity to prevent mortality and minimize morbidity and 
disability following injury, whether the injury is minor or major. The goals of the inclusive 
trauma care system are to match each hospital's trauma care resources with the needs of 
injured persons, to ensure flexibility within the system so that patients with different needs 
gain access to care at the appropriate hospital, and to strive continuously to provide optimal 
care to the population it serves. 

Figure 1 
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Throughout history, injury has been a major problem (1). Some of man's earliest writings, 
Homer's niad (2) and Edwin Smith's Papyrus (3), document a variety of injuries and the 
treatments rendered. The art of healing and the foundations of surgery arose from care of 
injured persons. Hippocrates believed war to be the proper school for surgeons, and the 
greatest advances in injury care and trauma care systems have resulted from experience 
gained in treating persons wounded in military conflicts. The first hospitals were built to 
support the Roman legions, not the general public. The earliest "trauma centers" were 
strategically placed to care for Rome's armies. Each era has added knowledge to the care 
of the injured, but it was not until the 20th century, in particular the last 25 years, that trauma 
care systems evolved as the optimal way to care for injured patients (4). Consistent with the 
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field's military origins, the turning point for the "systems" approach to trauma care came 
with the Vietnam conflict, when it was shown that rapid transport to definitive care facilities 
saved lives (5,6). This concept has been central to the development of civilian trauma care 
systems. 

Efforts to regionalize trauma care have been under way for nearly 2 decades. With the 
enactment of the Emergency Medical Services System (EMSS) Act in 1973, a major national 
effort to upgrade and regionalize trauma care services began. The argument for a national 
initiative was based, to a large extent, on the availability of technologies for resuscitation, 
transportation, and treatment that could be expected to save lives and reduce disability. The 
application of this technology was impeded because hospitals, prehospital care providers, 
police, and other emergency service agencies within regions did not coordinate their 
services. The EMSS Act of 1973 was extended in 1976 and 1979 and provided more than 
$200 million to state and local areas to upgrade equipment and to develop a regional 
approach to communications, transportation, and specialty treatment. 

During the last 10 years, substantial progress has been made in developing guidelines and 
criteria for an optimal trauma care system. Both the American College of Surgeons 
Committee on Trauma (ACS COT) (7) and the American College of Emergency Physicians 
(ACEP) (8) have contributed criteria establishing the minimal requirements for trauma 
centers and the necessary components for a comprehensive regional system to deal with 
injury. The National Highway Traffic Safety Administration has produced a community 
guide for trauma system development (9). Some states (e.g., Maryland, Virginia, Pennsyl­
vania, and California) have established trauma center designation and accreditation mecha­
nisms for hospitals dedicated to the delivery of high-quality trauma care. 

Ironically, just when trauma care centers have been proven to work, trauma centers are 
closing and trauma systems are failing. Grossly inadequate reimbursement for services 
rendered has driven health care professionals and institutions away from this most challeng­
ing area of medical care (10,11). 

As we enter the 1990s, we have the unprecedented opportunity to solve one of our major 
public health problems: care of the injured patient. The problem has been defined, the 
solutions identified, and we now have the opportunity to provide a life-saving trauma care 
system for all injured Americans. 
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Current Status 

Each year in the United States an estimated 25,000 people die needlessly because of lack 
of a trauma care system (12). For every death, 3 persons are severely disabled and 75 are 
temporarily disabled (12). The unnecessary cost in terms of human life, human suffering, 
and health care dollars is staggering. 

One of the proven ways to reduce the toll of injury is to implement regionalized trauma care 
systems throughout the United States (8, 9, 13-20). Trauma care systems must meet unique 
geographic and regional needs and yet be cost-effective and provide optimal care. To 
develop successful inclusive trauma care systems throughout the United States, the follow­
ing challenges must be addressed: 

Public Perception 

In general, the public is unaware of the complexities of providing adequate injury care, 
especially for major trauma, and even less aware of the importance of trauma care systems. 
The general perception is that an ambulance will arrive and take the patient to a nearby 
hospital, where the patient will receive optimal and appropriate care. The public generally 
does not recognize that major trauma patients require highly specialized care from the time 
they receive prehospital emergency medical service until they complete rehabilitation (9). 

Current Status of Trauma Care Systems 

No consistent data exist on the present status of trauma care systems in the United States. 
However, some general conclusions can be drawn from several recent studies on this issue 
(9, 21, 22). The number of hospitals claiming trauma center status exceeds 350 (7). 
However, no uniformly applied standards exist for trauma centers (Le., a definition for what 
constitutes a trauma center). The most widely used standards are those of the ACS COT 
(7). The actual designation process (Le., verification and accreditation) varies, ranging from 
verification by the ACS COT to designation by state or regional health authorities. In a 1986 
study by the National Association of State EMS Directors, 18 states reported trauma center 
designation by a state authority, 6 states reported trauma center designation by other-than­
state authority, and 27 states reported no trauma center designations (21). What was meant 
by trauma center or trauma system verification, however, was not clearly defined. Designa­
tion of a trauma center does not necessarily indicate an operational trauma care system. A 
trauma center is only one component of an operational trauma care system. 

Impact of Uncompensated Care 

Despite the proven efficacy of trauma care systems (13-20), the problem of uncompensated 
and undercompensated care has been a major impediment to the viability of existing systems 
and to the development of new systems. The negative impact has been greatest in large 
metropolitan areas where many trauma centers have closed (11, 23). 
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Although further work is needed to better understand how multiple factors interact to 
influence trauma center closures, most researchers and hospital administrators would agree 
that the rising costs of providing uncompensated care for the critically injured have played 
the most significant role. The growing number of uninsured trauma patients and the 
inadequacies of current hospital payment programs are contributing to significant financial 
losses for hospitals that provide care to the injured. Trauma centers bear a disproportionate 
share of the burden of uncompensated care because they care for the most critically injured, 
and therefore the most costly patients. At the same time, a larger proportion of their patient 
population is likely to be uninsured, underinsured, or covered under public programs such 
as Medicaid that traditionally pay hospitals at rates significantly below cost (11). 

A significant percentage of all uncompensated trauma care is attributed to the uninsured. 
In 1987 an estimated 31.5 million persons under the age of 65 had no health insurance (24). 
Young adults aged 18 to 24 are most likely to be uninsured, and they are also at highest risk 
of being hospitalized for treatment of an injury. Conservative estimates indicate that 12% 
of all hospital charges for trauma care delivered in U.S. acute care hospitals accrue among 
the uninsured. This translates into well over $1 billion in uncompensated hospital care for 
trauma (25) or about 12% of the total $83 billion in unsponsored acute care provided in 
hospitals in 1988 (11). As stated before, many health care providers believe that the 
proportion of uninsured patients is much higher in trauma centers than in nontrauma 
centers, which places trauma centers at particularly high financial risk. This is especially 
true in urban areas where violent crime, drug-related intentional injury, and indigent 
populations are concentrated. 

Inadequate reimbursement by state-run Medicaid programs is another important source of 
uncompensated care for trauma centers. As with the uninsured, trauma centers appear to 
treat a higher proportion of Medicaid patients than nontrauma center hospitals. In addition, 
a significant proportion of trauma center patients become Medicaid-eligible under "medi­
cally needy" programs. These programs offer limited coverage to patients who incur high 
medical expenses in relation to their personal assets. Since reimbursement rates under 
these programs are often lower than rates under conventional Medicaid entitlement pro­
grams, care of these patients represents an additional financial loss to trauma centers (11). 

Several studies have documented the negative financial impact of diagnostic-related group 
(DRG )-based payment on individual hospitals with a Level I trauma center designation (23, 
26-30). If DRG-based payments were used more broadly by state Medicaid programs and 
private insurers, then even more trauma centers that treat a disproportionately high share 
of the critically injured would suffer significant losses in revenues. Attempts to refine DRG 
classification by using measures of case severity - such as an abbreviated injury scale (AIS) 
or injury severity score (ISS) based on discharge diagnoses - have met with only modest 
success (31, 32). Alternative case-mix classifications such as Patient Management Catego­
ries (PMCs) show promise but will require further validation (33-35). 
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In summary, the economic crisis in trauma care must be addressed and solutions developed 
if the citizens of the United States are to have access to trauma care systems that function 
to reduce death, disability, and costs of injury. 

Establishing a Mandate for Trauma Care Systems 

The solutions to challenges relating to the establishment and implementation of inclusive 
trauma care systems do not rely solely on new research, but to a large extent on the 
implementation and refinement of what is already known (36). Trauma care systems have 
been most successful when the following initiatives have been in place: 

• Legislative action. Legislation that mandates the establishment and functioning of all 
parts of the trauma system - prehospital care, trauma center designation, communica­
tion systems, quality assurance, and meaningful trauma prevention programs. State 
legislatures must establish a designating authority and give legal status to trauma centers 
to treat all major trauma patients. Legislative action should also provide funding for the 
trauma care system and for uncompensated trauma care (37). 

• Leadership by the regional EMS agency. A legislative mandate that establishes a lead 
EMS agency to provide support and commitment for a successful trauma care system. 
This agency can monitor the "consumers" of trauma care (trauma patients) and adjust 
the system to meet their needs. The lead agency, usually a governmental entity, is 
charged with establishing trauma care standards, implementing triage guidelines, evalu­
ating system performance, and ensuring that the right patient gets to the right place at 
the right time. The lead EMS agency must mobilize the public and trauma care 
professionals to support implementation of the system. 

• System funding. Trauma care systems are costly to develop and maintain. Financial 
plans must ensure that all components of the system are developed and implemented 
to work efficiently and effectively (38). 

Although, as of 1990, a few operational statewide trauma care systems are in place, most 
citizens do not have the assurance or advantage of prompt trauma center care. Our goal is 
to guarantee optimal care for all injured patients, regardless of when or where their injuries 
occur. 

Rural Trauma Care 

Rural areas of the country have unique problems in developing and maintaining trauma 
systems. A major challenge is the development of rural trauma systems that effectively 
address these problems (39). Rural trauma care faces unique logistical problems, including 
long distances, difficult access, adverse weather conditions, and sparse population density. 
The characteristics of the rural geographic environment, coupled with small populations, 
result in numerous remote hospitals that divide limited financial and professional resources. 
Furthermore, rural health care providers are infrequently faced with providing care to major 
trauma patients. These factors hinder most rural health care providers from developing 
and maintaining experience and proficiency in trauma management. 
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The discovery of the injured person and initial contact with the emergency system are 
significant problems in the rural setting. Once prehospital care of the injured person begins, 
prolonged response and transport times may be detrimental to the outcome of the trauma 
patient. The patient injured in this remote locale must be delivered to the region's only 
hospital, where the medical and nursing staff has limited experience and less than optimal 
facilities to deal with major trauma patients (40). In some rural and wilderness areas, there 
may be no surgeons available to initiate resuscitation and perform lifesaving procedures. 
This may result in delays in the recognition and treatment of major trauma patients. 
Coordinated and readily available transport systems (fIXed wing aircraft or helicopters for 
long distances) are effective and efficient means of transportation; however, they are not 
always available. In addition to scarce resources for acute care of the severely injured 
patient, appropriate rehabilitation is usually limited. 

Urban Trauma Care 

The problems of trauma care in urban settings differ from the problems in rural settings. 
Large population densities contained within limited geographical spaces are associated with 
violent crime, drug-related crime, gang warfare, and indigence. Trauma care systems use 
triage guidelines to direct major trauma patients to trauma centers. In urban settings, the 
sheer numbers of seriously injured patients may overwhelm both prehospital providers and 
acute care facilities. 

Indigent populations tend to be concentrated in urban areas and thus, when injured, create 
additional financial burdens for urban trauma centers. Nontrauma center hospitals, aware 
of the financial disincentives, may choose not to participate in the trauma care system and 
thus further contribute to the patient load and financial losses of existing trauma centers 
(11). 

University hospitals responsible for health professional education and training are largely 
urban institutions. If such institutions are also designated trauma centers, their educational 
mission may be impaired by the cost and work load of caring for major trauma patients (26). 
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Where We Want To Be 

Components of an Optimal Trauma Care System 

The optimal trauma care system must have the capacity to prevent mortality and minimize 
morbidity. To function at its best, the trauma care system must be integrated into the overall 
emergency medical service (EMS) system; it must be prompt, appropriate, efficient, profi­
cient, and effective. The components of the system should be managed in such a way as to 
provide a continuum of care and to allow for measurement of success. An optimal trauma 
care system would include the following components (Figure 2) (8). 

• Prevention: Mechanisms for preventing injury through public policy, information and 
education, and environmental changes. Ideally, the public would demand more legisla­
tion to promote prevention. 

• Recognition and Discovery: Methods, such as crash- and injury-occurrence surveillance 
technology, designed to ensure prompt recognition of injury occurrence and immediate 
access to the system. A training program for citizens in ( a) first aid, (b) how to access 
the trauma care system, and ( c) techniql1es to work safely at the injury scene with the 
patient and the EMS system should be available. 

• Notification/EMS Access: Universal and easy access, through contemporary telecom­
munications, to the trauma system for all injured persons, regardless oflocale. The 911, 
or preferably enhanced 911, telephone system (see glossary) should be available every­
where. 

• EMS Dispatch: A dispatch system that would be directed through a central regional 
agency by using medically trained personnel and state-of-the-art equipment to guarantee 
the most appropriate EMS response. 

• EMS Response: Appropriate care and expertise at the scene of the injury. EMS 
personnel would render care, triage, and transport the patient expeditiously to the most 
appropriate facility. 

• Triage: Accurate triage would direct the destination for hospital care on the basis of 
patient need and not on geopolitical issues. 

• Transport: A system that guarantees rapid delivery of the injured person to the region's 
most appropriate facility. 

• Communications: An on-line and minute-to-minute communication system with up-to­
date technology and equipment. Communication among the prehospital care provider, 
medical control physician, and personnel at the receiving trauma care facility is required. 

• Training: Quality training and continuing education must be available and accessible 
to all levels of EMS providers within the system. 
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Figure 2 
Components of an Optimal Trauma Care System (41) 
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• Medical Control: Physician-supervised prehospital activities to ensure efficient and 
proficient triage, transport, and care of injured persons, as well as ongoing quality 
assurance of the trauma care system. 

• Definitive Injury Care Facilities: A system to identify regional trauma care facilities and 
check their availability to receive trauma patients. 

• Interfacility Transfer: Cooperative agreements and criteria for interfacility transfer of 
severely injured persons. 

• Rehabilitation: Appropriate rehabilitation facilities assure the greatest opportunity for 
a patient to return to a productive lifestyle. Highly structured and integrated rehabili­
tation services should begin immediately in the acute care hospital. 
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• Evaluation: Appropriate data collection, analysis, and reporting; and mechanisms for 
ongoing system evaluation and improvement, including long-term follow-up to assess 
the late effects of injury and the influence of trauma care. 

Systems Planning 

Establishment of an effective, comprehensive, coordinated trauma care system, including 
prehospitaI, hospital, and rehabilitation services (42), will require a trauma care needs 
assessment, identification of trauma care resources, and development and implementation 
of a trauma care system plan (9). 

Complete and Accurate Data Base 

A complete and accurate data base is a prerequisite to system planning. Data on demo­
graphics, magnitude of the problem, present re.sources, and operational cost of the system 
are required. Linking these data with other data bases could be cost-effective and would 
provide additional information for planning and evaluation. Existing data bases such as 
statewide hospital discharge data, Fatal Accident Reporting System data, police accident 
reports, and National Highway Traffic Safety Administration (NHTSA) investigations 
should be used to provide epidemiologic and demographic data for use in developing 
prevention and intervention strategies. 

Assessment of the system must involve evaluation of the resources available from prevention 
activities through acute response, specialized care and rehabilitation efforts. Methods are 
needed to assess the current provisions of care and outcomes of injured patients for all 
phases of trauma care. Such methods would emphasize prevention, morbidity, long-term 
disability, and cost-effectiveness as outcome measures. 

Defining the Resource Requirements 

Essential to developing a successful trauma care system is a well-established EMS system. 
Prehospital resource requirements should be identified. Hospital resource requirements 
should be determined (i.e., the number and distribution of acute care hospitals and the 
estimated number of trauma centers, personnel, and equipment). 

There must be trauma triage protocols, transfer agreements, and a statewide inclusive, 
uniform data set. Also important to the development of an effective trauma care system 
are community awareness, public education, and a coalition of health care professionals 
(including highway safety personnel) to assist in the design, development, and implementa­
tion of the system. Essential factors are governmental and business education, involvement, 
and funding. 
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Resource Assessment 

Resource assessment entails collecting statewide data to identify the existing levels and 
distribution of personnel, facilities, and equipment. The present structure of a potential 
trauma care system can be measured by physical and human resources (i.e., number and 
distribution of ambulances, emergency medical technicians, paramedics, hospital beds, 
physicians, nurses, and other components). Existing state data bases are available (e.g., 
Department of Licensing, Department of Social and Health Services, and the State Hospital 
Commission) to provide information on physical resources. These data systems are inex­
pensive, accessible, and involve relatively little time to maintain. Questionnaires or site visits 
can supplement these data with additional information, such as staffing arrangements, 
communication capabilities and emergency department and intensive care unit (ICU) 
capabilities. 

The volume and distribution of the major trauma population needs to be matched with 
available and appropriate resources. Where available, hospital discharge data from state 
abstract reporting systems for cases identified through discharge diagnosis (ICD-9 codes 
SOO-900) as representative of major trauma can be used to profile trauma patients in terms 
of distribution, types and external causes (ICD-9 codes ESOO-E999) of injury, demographics, 
procedure mix, payer mix, length of stay, and outcome. A recent study in Maryland suggests 
that there are limitations in using E-codes in hospital discharge data to characterize severely 
injured persons and that these limitations need to be addressed (43). In addition, currently, 
only six states (Arizona, California, New York, Rhode Island, Vermont, Washington) have 
mandatory E-coding of discharge diagnosis. 

Additional data are needed to investigate the existing educational process and the require­
ments and opportunities for training all trauma care providers. The availability of educa­
tional mobile units to reach rural areas is imperative so that emergency medical technicians 
(EMTs) and nurses in rural settings can maintain their skills and knowledge. The capacity 
of regional trauma facilities and specialty centers to educate all levels of trauma care 
providers needs to be assessed. 

Developing a System Plan 

An effective plan for a trauma care system includes several critical elements: 

Mandate for Trauma Systems and a Lead Agency 

Federal legislation should establish injury as a national priority and the federal government 
should assist states in the coordination of trauma care system planning and development. 
State statutes should provide the legislative authority to establish a lead agency with the 
authority to implement a trauma care system and designate trauma centers. State trauma 
care system legislation should include provisions for establishment or adoption of optimal 
standards, regional trauma care planning, integration with other EMS components, system 
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data collection and analysis, protected access to prehospital data, mechanisms for system 
funding, and protection of the designated lead agency from antitrust litigation (9). 

Lead agencies for contiguous countries, states; and counties must ensure a cooperative 
regional plan aimed primarily at benefiting the public and ignoring geopolitical boundaries. 
In general, the lead agency should function at the state level so that resources and services 
can be coordinated and allocated statewide. 

Trauma Care Guidelines and Standards 

Development or adoption of appropriate trauma care guidelines and system standards is 
essential to an effective trauma care system. The most widely recognized system guidelines 
are the "Guidelines for Trauma Care Systems'" published inAnnals of Emergency Medicine 
(8) (Figure 3), and the Resources for Optimal Care of the Injured Patient (7). The latter 
emphasizes trauma center criteria. 
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NHTSA has taken those guidelines and developed a "how to" manual for states and 
communities: Development of Trauma Systems: A State and Community Guide (9), a 
curriculum for a i-day NHTSA training program. This training program focuses on how to 
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(a) put the trauma system together, (b) build community conSUISUS, (c) integrate EMS 
components, and (d) evaluate the system's cost-effectiveness. lne program provides a 
framework for developing trauma systems. 

Trauma Center Designation 

An integral component of any trauma care system plan is the identification of hospitals that 
have made a commitment to provide optimal care for the injured patient. The concept of 
taking severely injured patients to the nearest hospital is no longer acceptable. Formal 
trauma center designation is necessary in order to provide a framework for patient triage 
or transfer to the most appropriate facility. Center designation provides a mechanism for 
hospitals to confirm their commitment to meeting and adhering to a certain standard of 
care. 

In planning for regional or statewide trauma care systems, consideration must be given to 
how many and at what level hospitals should be designated as trauma centers. This decision 
should be based on maintenance of skill and experience, assessment of available resources 
(physicians, nurses, facilities), cost-effectiveness, population density, and geography, with 
special consideration of rural needs and the realities of rural medical practice (9). It should 
be noted that most injured persons need care, but not all need trauma center care. 

Trauma System Accreditation and Recognition 

An organized trauma system integrates the emergency medicine and health care systems. 
AU hospitals should recognize and acknowledge designated trauma centers for their special 
capabilities. Hospitals not designated as trauma centers should serve as "trauma receiving 
hospitals" for some injured patients. All hospitals should participate in a statewide trauma 
care data system. 

System Planning for Disaster 

A well-coordinated, effective trauma care system can provide many of the necessary 
resources as well as the framework for responding to disasters and mass casualty incidents 
(44-46). Integration of these resources must occur well in advance of any disaster. Yet, 
disaster planning is often missing, or, if done, neglects essential elements needed for 
coordination of the response (47). As with all emergency health care situations, geopolitical 
boundaries should not be allowed to interfere with an integrated regional disaster approach. 

Special Populations 

Pediatrics: Pediatric trauma care must be integrated into all aspects of acute care programs. 
This requires that all health care providers remain fully trained regarding the needs of the 
injured child and mandates that child health care providers, including pediatric surgeons, 
become involved in and foster development of specialized curricula on caring for the injured 
child. Development of protocols and advancement of care depend on a valid and contem­
porary data set, such as the National Pediatric Trauma Registry (NPTR). Mortality due to 
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pediatric trauma is similar to that for adults, but the long-term societal impact of disability 
in the extremely young age group highlights the need for optimal care. Mechanisms of 
outcome assessment other than mortality that address disability, recovery, and long-term 
longitudinal follow-up are necessary. Closed-head injury impact and the effect of such 
impacts on lifetime learning and functional disabilities need to be better documented and 
quantified. Rapid involvement in appropriate rehabilitation and psychological support 
systems is necessary to optimize outcome. 

Geriatrics: During the 1990s, there will be about a 20% increase in the number of Americans 
over age 65 years. This has substantial implications for organized regional trauma care 
systems. Although there has been a general increase in the life expectancy of the elderly, 
the same is not true for the injured elderly. Although the elderly make up only 11 % of the 
population, the injured elderly consume a disproportionate fraction of hospital resources 
(about 25%) and account for a disproportionate share of deaths in the hospital (18%) (48). 

Case-control studies have shown that for persons injured after age 55 years, mortality 
increases sharply, length of stay in the hospital and lCU doubles, and cardiopulmonary 
complications are much more likely (49). About 60% of the elderly injured cannot function 
independently at hospital discharge, and 30% to 40% are discharged to nursing homes (48). 
Risk factors for poor outcome among this patient population include age, preexisting 
cardiopulmonary disease, injury severity, and the likelihood of infective complications. 
Current estimates of resource consumption by the injured elderly are likely to be severe 
underestimates of their actual consumption. Many of these patients are admitted to the 
hospital with relatively minor-to-moderate injuries, but subsequently develop complica­
tions. 

Patients with Injuries Associated with Violence or Drug Abuse: Patients with injuries that are 
self-inflicted, the result of interpersonal violence, or related to drug abuse represent 20% 
to 25% of hospital admissions nationally (49) and are a major source of undercompensated 
and uncompensated care. Enhanced education of government officials and legislators is 
needed to ensure appropriate funding for the care of these patients. More injury prevention 
efforts need to focus on this group. Society must deal with the difficult issues of injuries 
related to drugs and firearms. Prevention efforts in these areas would result in tremendous 
savings in our trauma care systems. 

Rural: Although the minority of the U.S. patient population is from rural areas, rural areas 
encompass the vast majority of the land mass of the United States and pose some challenging 
aspects for trauma care in the 1990s. The death rate from motor vehicle crashes, the largest 
cause of trauma mortality, is inversely proportional to population density (50, 51). Rural 
areas have several obstacles that need attention, including lack of 911 access, transportation 
difficulties, and lack of continuing medical education (52). Providing effective continuing 
medical education to rural health care professionals in areas with a low incidence of injuries 
is difficult and often erratic (53). 
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All hospitals involved in treating injured persons, particularly those in the rural areas, should 
be in an inclusive system of care facilities. Each facility should provide that level of 
specialized care within its capability. Incentives should be available to all levels of providers 
and facilities to promote regionalization and participation in the system. Regionalization 
of tertiary trauma care should be accomplished by adherence to trauma care and transfer 
protocols. Similarly, IIreturn transfer" from regional trauma centers to local facilities should 
be based on standards for timely and safe return of patients to their home environment. 

Other Groups with Special Needs: Burn, spinal cord injury, rehabilitation, and other special­
ized centers are recognized for their ability to improve outcome. Criteria and accreditation 
standards for specialty centers need to be developed. IVlore rehabilitation, home care, and 
ambulatory care facilities are needed to ease the current demand on acute care facilities 
and specialty centers. 

Systems Operations 

Once the system plan for regional trauma care is complete, it should be implemented and 
maintained through direction of the lead agency and appropriate regional allocation of 
health care personnel and equipment. The operational plan should include an components 
necessary to accomplish the goals of injury prevention, control, and care. Implementing 
plans for a trauma care system that provides appropriate response to and treatment for all 
injured patients is driven by the availability of resources and the need to provide optimal 
care to the major trauma patient. Essential operational components of trauma care systems, 
as discussed at the beginning of this chapter, need to be integrated into an already estab­
lished emergency medical services system. Successful systems operations need to be espe­
cially concerned with the following: 

Public Information and Education 

Public information and education should support the system by building political constitu­
encies and promoting injury control programs. System support through advocacy groups is 
necessary to inform the public regarding the nature and magnitude of the problem, to act 
as an advocate and catalyst to system development, and to educate health care professionals. 

Prehospital and Hospital Standards and Training 

In developing standards, the goals are to improve the quality of care and to minimize 
variation in prehospital and hospital care 'among and within geographic areas. Crucial to 
the system is the lead hospital or trauma center that mm:t function as a local resource center 
and that, with the lead agency, must provide, implement, and coordinate all components of 
the system. These include (a) maintaining systems compliance with preestablished stand­
ards? (b) instituting research and teaching programs, and ( c) implementing a system-wide 
quality assurance program. 
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Trauma Triage 

In the prehospital setting, triage is the attempt to decide which patients are injured severely 
enough to require trauma center care (41). Severe injuries may threaten the loss of life or 
limb or may cause long-term disability, all of which have serious consequences and demand 
a specialized system of care. Effective triage is essential to efficient system operation, both 
in the prehospital setting and in the early hospital phase. Unfortunately, prehospital triage 
criteria are not exact, and problems of overtriage and undertriage exist. The criteria used 
for triage assessment must be evaluated periodically in the quality assurance process so that 
overtriage and undertriage rates can be assessed and adjustments made to minimize 
preventable death and disability (41). 

Overtriage (i.e., directing more patients to trauma centers than actually need sllch special­
ized care) results in overburdening trauma centers, especially in urban settings, and in 
underusing the resources and expertise of the other hospitals in the system. Undertriage 
means that fewer patients are directed to a trauma center than is warranted by the severity 
of their injuries. Therefore, some major trauma patients are directed to a nontrauma center 
hospital. 

Bypass, the act of directing a patient past a closer medical care facility in order to receive 
optimal care at a facility that may be farther away, should be based on explicit protocols that 
consider the patient's needs, the level of available trauma care, and the need for regional 
resource coordination. This system-wide resource coordination ensures that patients are 
transported to the closest appropriate facility, taking into consideration a hospital's readi­
ness to accept trauma patients, availability of physician specialists, and closure due to 
disaster at the hospital. 

Medical Control and Direction 

Medical control is the key link between prehospital care and the hospital. Medical control 
provides for medical supervision and system accountability as well as a systematic approach 
to patient care through preestablished policies, procedures, and treatment protocols (off­
line) (8,9, 54). Off-line medical control in most trauma care systems is provided by the state 
or local medical director. The medical director is responsible for broad development and 
implementation of system protocols, including destination decisions, triage, and standard 
operating guidelines for system participants. System protocols are meant to complement 
medical protocols and address specific system operations. 

On-line medical control is through direct voice communication between field and hospital 
personnel. On-line medical direction may be provided by the nearest facility, a regional 
base hospital, or by the receiving facility. The emergency physician and prehospital person­
nel interact to provide the patient with the benefit of both continuity of care and immediate 
on-Hne consultation. 

5 

Trauma Care Systems-Where We Want To Be 
395 



-------------------------------------------------------------------

Transportation 

The majority of injured patients in this country are transported to trauma centers via ground 
ambulances (55). Although air transport and helicopter ambulance servi;;es have prolifer­
ated during the last 10 years, these medical transport services should be seen as an adjunct 
and should be integrated into the regional ground EMS and trauma transport system. The 
transportation system should provide the framework for getting the right patient to the right 
place at the right time (56). The transport system should be configured differently in rural 
and urban communities and should be based on personnel training, equipment, population 
density, and the topography of a given area. 

Hospitals 

In contrast to today's trauma care systems, which tend to be exclusive and focus only on 
trauma centers, the ideal trauma care system is inclusive. In inclusive systems, all hospitals 
(even primary care clinics) within the trauma care system must be involved. An appropriate 
designation process will determine how many and which hospitals should function as trauma 
centers. These hospitals should receive and care for the most critically injured patients. 
However, those hosf" lIs will serve only a small percentage of the total injllred patient 
population. Having such an inclusive system enables even the smallest nontrauma center 
facility to commit resources, collect data, and participate in the optimal care and triage of 
injured patients. Including these small facilities requires them to meet standards and adhere 
to triage protocols. Intrinsic to efficient functioning, these small facilities must be able to 
transfer patients to a trauma center rapidly and effectively when necessary. Of equal 
importance is the return of less critically injured patients from trauma centers to originating 
hospitals. This is particularly true if the originating hospital has adequate rehabilitation 
facilities. If instituted appropriately, this process could free acute care beds from crowded 
trauma centers and distribute the cost of care of the injured patient throughout the system. 
This process could also result in a sense of cooperation between hospitals, facilitate 
information exchange, and lessen the fear of patient loss from the small community 
physician and hospital. Development and implementation of an inclusive trauma care 
system would require incentives for participation and major changes in reimbursement 
procedures by both government and privl'lte payers. 

All acute care and rehabilitation facilities receiving injured patients should submit data to 
regional and statewide trauma care data systems (57). Appropriate information from 
regional and state data bases should be made available to hospitals to allow for research, 
internal quality assurance, and assessment of care. 

Rehabilitation facilities should be designated and those with specialty capabilities utilized 
on a regional and statewide basis. Like other facilities in the system, rehabilitation facilities 
should contribute data to national and regional registries so that the care they provide can 
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be evaluated. Other specialty centers such as regional burn centers should also be incorpo­
rated into the system. Methods for recognizing the need to transfer a patient from one 
specialty center to another must be developed and tested to ensure appropriate and 
cost-effective use of resources. 

Systems Evaluation 

A structural framework exists for quality assurance and evaluation of medical care. This 
framework, however, is generally confined to hospitals. Within a trauma care system, the 
structural framework for trauma care evaluation is broader. Evaluation of care requires an 
analysis of the multidisciplinary components that interface throughout the continuum of 
care delivered to injured people (58). 

A national uniform data set could be the basis on which to standardize the data needed to 
evaluate trauma care systems and to assess the quality of care. Consistent, accurate data 
are essential to system evaluation. Trauma care data systems should be used to measure 
the effectiveness of the system. Data must be analyzed from both a clinical and operational 
perspective, with primary emphasis on optimum patient outcome as the indicator of quality 
of care. 

Trauma system evaluation (Figure 4), specifically the system's quality assurance compo­
nents, should occur regularly and should include a review of the following aspects: 

• Ability to meet system goals and objectives. 

• Compliance with or the ability to validate or reevaluate and appropriately change the 
system standards. 

• Consistent cooperation in systems operation and information flow among system par­
ticipants. 

• Ability to foster continuous quality of care improvement with the ultimate goal of 
optimum patient outcome in each phase of care. 

Data analysis alone does not constitute change. The analysis should be translated into action 
plans with predetermined outcome objectives. These data must be population-based, and 
should also allow for monitoring (a) trends in the occurrence of traumatic injuries and (b) 
the effectiveness of prevention strategies. 

Quality assurance (QA) activities are an essential management tool to assure that the best 
possible medical care is delivered to the patient. Periodic analysis and redesign of the 
trauma system should occur as a result of changes in goals and objectives, evaluation of 
standards, QA outcome data, current research, and evaluation process findings (Figure 4). 
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Figure 4 
Trauma System Evaluation (58) 
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The American College of Surgeons Committee on Trauma has outlined essential facets of 
the trauma QA process (7). 

The American College of Emergency Physicians has developed guidelines for trauma care 
systems quality assurance to assist in the essential role of ongoing monitoring and evaluation 
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of the trauma care system (59). These guidelines are for facility-based quality assurance, 
which focus almost exclusively on specific trauma hospitals (7). Trauma system QA 
evaluates specific components of the trauma care system and their relationship with each 
other. These guidelines are not intended to replace detailed quality assurance activities in 
either the prehospital or in-hospital phase of care, but rather to focus on the broader system 
management issues, which are extremely important to the long-term viability of any trauma 
care system. 

Some states have developed trauma care systems, but no national standards for measuring 
quality of trauma care exist. All persons, however, have a right to expect a similar level of 
trauma care no matter where in the country they may be injured. Assessment of quality of 
care on the basis of patient outcome has been vaguely defined by overall death rates, 
morbidity rates, average length of hospital stay, development of complications, and the use 
of the Trauma Score and Injury Severity Score (TRISS) methodology (11). However, no 
set definition of quality trauma care is used in this country. 
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How We Get There 

Challenges Facing Trauma Care Systems 

Although substantial progress has been made in developing guidelines and criteria for 
optimal trauma care systems, there are concerns that as we enter the 1990s, regionalization 
efforts may have lost momentum or even reversed direction. Ironically, at the same time 
that evidence in support of the efficacy of trauma care systems accumulates, increasing 
numbers of trauma centers are closing. By one account, some 40 hospitals closed their 
trauma centers in recent years because of a myriad of political, organizational, and economic 
factors (11). This section summarizes the challenges facing trauma systems today. 

Ensuring Adequate Financing for Trauma Care Systems 

The financial incentives for professionals and facilities participating in trauma care are 
minimal. As pointed out previously, the reasons for the financial aspects of trauma care are 
multiple and complex. Trauma patients are largely uninsured or covered by public pro­
grams that pay hospitals significantly below costs (11, 60). DRG-based reimbursement 
schemes, which have been adopted by state Medicaid programs and some private insurers, 
are inadequate (26). 

Trauma centers suffer from both a high proportion of uninsured patients and poor reim­
bursement in relation to high costs for many patients covered by government and managed 
care providers (26). The net impact was recently illustrated in a study of 16 acute care 
hospitals that maintain trauma centers (60). Reimbursement by payer class for the trauma 
center patients versus general hospital patients in these institutions was compared, and the 
results are presented graphically in Figures Sa and Sb. 

The horizontal axis indicates the proportion of charges for patients in each payer class, and 
the vertical axis indicates the percent of total costs recovered within each payer class. 
Surpluses are generated in the commercial insurance and worker's compensation classes, 
but losses are generated in all other classes. Among the hospitals reporting, the surpluses 
in both general hospital and trauma center patient populations are relatively similar, but 
the financial losses in the trauma center patient population greatly outweigh those in the 
general hospital patient population. 

Several solutions have been proposed to address the problems of uncompensated trauma 
care. They include federal, state, and local options. These options are briefly summarized 
here; they are discussed in more detail in the monograph by Champion and Mabee (11). 
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Figure Sa 
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One attractive option is the development of a trauma financing pool that would reimburse 
trauma centers that meet certain performance criteria. Revenues for the pool would be 
generated at the federal and state levels as well as by the private sector (principally insurance 
companies). States could raise revenues by increasing driver license and motor vehicle 
registration fees and taxing automobile liability insurance. 

Federal revenues, on the other hand, could be generated by increased federal tax on alcohol, 
vehicles, and firearms, the major contributors to injury in this country. Since hospital 
treatment for alcohol-related injuries contributes significantly to societal costs, a clear case 
can be made for earmarking a proportion of these additional alcohol tax revenues to assist 
in covering the costs of uncompensated trauma care. 

Several states have already established trauma financing pools to subsidize hospitals that 
treat a disproportionate share of indigent patients (61). StilI other states have established 
indigent care pools to address the problem of uncompensated care more broadly. It will be 
important to monitor the relative success of these programs and to more broadly implement 
strategies that work to reduce the financial burden of uncompensated care. 

Both Medicare and Medicaid coverage need to be expanded so that the costs of care 
rendered will be adequately covered. This is especially true for severely injured people who 
have no other health insurance. All prospective hospital payment systems (DRG-based) 
need a similar adjustment to account for severity of injury and intensity of care. These 
hospital systems, similar to the federal programs, should also provide adequate reimburse­
ment to the professionals and institutions rendering care. 

Ensuring Adequate Financingfor Trauma Care Systems - Committee Recommendations: 

Conduct a comprehensive evaluation of reimbursement problems and provide financial 
support for trauma care systems. 

• Evaluate the cost-effectiveness of trauma care systems. 

• Address the issue of uncompensated and undercompensated care. 

• Expand Medicaid and Medicare coverage for trauma care. 

• Ensure adequate reimbursement for care rendered at accredited trauma centers. 

• Define and implement methods for improving automobile insurers support for care of 
those injured in motor vehicle crashes, including no-fault insurers. 

• Establish trauma financing pools (such as taxation on alcohol, vehicles, and firearms) 
specifically to fund trauma care systems. 

• Study and define the differences between the economics of rural and urban systems. 
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Organizational and Political Barriers 

Many organizational and political barriers impede the effective planning and operation of 
trauma care systems. Foremost among these barriers are those created by an increasingly 
competitive health care market. These barriers also make it difficult to establish integrated 
systems of care, including prehospital, hospital, and rehabilitation services as specified in 
the PHS Year 2000 Objective (42). 

In an inclusive trauma care system, every hospital that treats injured patients should be 
recognized as an integral part of the overall system. Recent studies suggest that major 
trauma requi~ing the resources of a trauma center accounts for only a small percentage 
(12%) of all injury. Even though trauma care represents a disproportionate share of 
hospital costs, more than 75% of hospital revenues are generated from the less severely 
injured patients who can be and should be appropriately treated at non trauma center 
hospitals (30). Data such as these, developed locally and in more detail, should help to 
reduce some fears that regionalizing trauma care would adversely affect the revenues of 
nontrauma center hospitals. 

One of the most difficult challenges facing trauma systems is the development and imple­
mentation of triage guidelines that are effective in getting the right patient to the right level 
of hospital care. The largely unanswered q'ilestion is, to what extent can we improve our 
ability to send trauma patients to trauma centers with minimal disruption of the normal flow 
of less severely injured to the non trauma center hospital. Theoretically, the resolution of 
this question could encourage all hospitals to accept an inclusive system. 

An additional concern facing trauma systems is the potentially negative impact of statutory 
controls over the interhospital transfer of indigent patients. Federal law requires that 
hospitals (a) screen emergency department patients to identify those with emergency 
conditions and (b) stabilize the patient before transferring the patient to a hospital with the 
medical capabilities necessary to treat the condition. The same law requires trauma centers 
to accept all patients who need trauma center care if the trauma center has the capacity to 
treat the patient. Although the law was designed with good intentions, it will no doubt greatly 
increase the financial burden from uncompensated care on the Nation's trauma centers. 
Trauma systems must work closely with lawmakers to ensure not only that patients needing 
the resources of a trauma center have access to such care, but also that trauma centers do 
not suffer unfair burdens in providing such treatment. 

Baseline and subsequent data on the epidemiology of trauma and on the patterns in which 
trauma centers are used should also be used to define more effectively an optimal configu­
ration of both prehospita! and hospital resources. It has been suggested that some trauma 
centers have closed because the volume of major trauma patients treated was not sufficient 
to maintain a cost-efficient facility. More work is needed to define the "optima}" volume 
and mix of trauma patients needed to maintain a high-quality and cost-efficient trauma 
center. 

Trauma Care Systems-How We Get There 
404 



Organizational and Political Barriers - Committee Recommendations: 

Develop, implement, and evaluate an inclusive trauma care system in the United States. 

~ Providt! adequate federal funding to implement the Trauma Care Systems Planning and 
Development Act of 1990 (37). This should include the following: 

- Establish and operate a national clearinghouse on injury surveillance and methods 
of evaluating trauma system performance. 

Develop appropriate, modern trauma care systems and EMS systems 
through sharing information. 

Collect, compile, and disseminate information on the achievements and 
problems of providing trauma care and EMS, especially distinguishing 
between the unique needs of rural and urban areas. 

Provide technical assistance relating to trauma care and EMS to state and 
local agencies. 

Sponsor workshops and conferences on trauma care and EMS. 

- Develop and implement a national uniform data set for trauma care, including 
system performance and patient outcome measurements for prehospital, hospital, 
and rehabilitation services, and establish guidelines for states to collect, analyze, and 
report these data. 

• Establish and maintain national standards for trauma care data systems that facilitate 
aggregation, analysis, and reporting of standardized data at the local, state, and regional 
levels. 

• Develop and implement inclusive trauma care systems that involve all acute care 
institutions. 

- Identify and provide incentives to encourage participation in the systems. 

• Establish an effective triage scheme and triage criteria. 

• Ensure universal access to EMS (911) and a trauma care system (including trauma 
centers). 

• Initiate rehabilitation services during acute care treatment of injured persons. 

• Establish an integrated system of care, including prehospital, hospital, and rehabilitation 
services (42). 

• Expand the availability of NHTSA Development of Trauma Systems (DOTS) training 
in states and communities. 

Implementing Cost-Effective Trauma Care Systems 

Perhaps one of the most important challenges facing trauma systems is the development of 
data to document the costs and benefits of a regionalized approach to trauma care. Because 
relatively young and productive members of society are the predominant population 
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exposed to trauma, investing in trauma care systems that save the lives of injured persons 
and return them to productive lifestyles is a wise investment for society and government. 
Further studies are necessary, however, to demonstrate that such is the case. In particular, 
the exact wayan investment in trauma care systems affects society should be researched. 
Cost-benefit studies must be designed to determine what methods work best and at what 
cost. Only with these data will it be possible to effectively advocate for policies and programs 
aimed at promoting regional systems of care. 

There is also a need to develop more effective and cost-efficient organizational strategies 
for managing the trauma patient within an integrated, coordinated, and inclusive system of 
care. Increased attention should be given not only on ways to facilitate transfers from 
nontrauma centers to trauma centers but also on ways to encourage return transfers from 
trauma centers to local community hospitals as early as possible. Such a process would (a) 
help to distribute bed usage and the cost of care throughout the system, (b) develop a sense 
of cooperation among providers, ( c) facilitate an interchange of ideas and information, and 
(d) lessen the community hospital's fear of patient loss. Criteria indicating when each type 
of transfer is needed must be developed and tested prospectively to ensure that resources 
are used appropriately and cost-effectively. The overall effectiveness of directing limited 
resources at prevention rather than acute care and prolonged postinjury care must be 
assessed. 

Implementing Cost-Effective Trauma Care Systems - Committee Recommendations: 

Study, identify, implement, and evaluate cost-effective measures for trauma care systems. 

• Improve the cost-effectiveness of trauma care systems. 

• Improve trauma patient transfer criteria within the system. 

19 Develop and implement data acquisition and a trauma care data system that monitors 
and ensures cost-effectiveness. 

• Develop and implement prevention programs to decrease the need for trauma care. 

Systems Evaluation 

Increasing pressures on hospitals to contain costs and compete for patients, and the 
changing structure of the health care system raise new concerns about the adequacy and 
performance of regionalized systems of trauma care. These concerns underscore the need 
for improved measures of system performance that can be applied on a timely and routine 
basis. Performance must be measured not only in terms of structural characteristics (e.g., is 
the number and distribution of facilities and helicopters adequate?) but, more importantly, 
in terms of process (e.g., are system resources used appropriately?) and outcome (e.g., how 
much has mortality and morbidity been reduced?). 

In reviewing current system evaluation methods, there appear to be three overriding 
challenges for the 1990s. First, there is a need to develop population-based data that can 
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provide basic utilization and outcome information on all injured patients, regardless of 
where they are treated. Considerable progress has been made in the development and 
implementation of trauma center-based registries (62). Although the data obtained for a 
selected group of severely injured patients are useful for trauma center-based QA and 
research, their usefulness for examining patterns of utilization and system performance is 
limited because data on trauma patients treated at nontrauma center hospitals are excluded. 

A second challenge is the development and validation of methods and measures for 
routinely evaluating system performance. Methods for hospital-based QA have been 
developed and widely implemented (49, 63, 64). Complementary methods for system QA 
need to be developed and evaluated (31). 

Finally, methods are needed for linking resource availability and use (i.e., process) with 
patient outcome, with an emphasis on morbidity, mortality, and long-term disability. As 
increasing pressure for fiscal responsibility and accountability is placed on health care 
systems, those systems must demonstrate the relationship between improved patient out­
come and use of resources. 

Population-based data for monitoring and evaluating trauma care can be acquired by two 
strategies that are not mutually exclusive: (a) extension of trauma registry coverage to all 
acute care hospitals, both trauma centers and nontrauma centers, that serve defined 
populations and (b) linkage of existing data sources such as trauma registries, uniform 
hospital discharge data, ambulance run reports, law enforcement records, vital statistics, 
and medical examiners' and coroners' records to provide comprehensive coverage of 
defined populations. These strategies need to be evaluated in terms of their cost, adminis­
trative and political feasibility, and their overall utility for trauma care system planning and 
evaluation. 

Development of national standards for trauma data systems will facilitate aggregation and 
analysis of data reported by multiple sources (65). Trauma data system standards should 
include a single set of case criteria and a uniform, minimum set of data elements for 
monitoring and evaluating trauma care. These standards will require periodic modification 
to reflect revisions in coding systems, improvements in data analytic methods, and lessons 
learned from practical experience and research. 

Systems Evaluation - Committee Recommendations: 

Develop, implement, and evaluate a national uniform data set for trauma care. National 
standards for case criteria and for collecting, analyzing, and reporting trauma care data 
should be appropriate for use by all acute care institutions. 

• Develop and implement national standards for case criteria and data set content for 
system performance and patient outcome measures relevant to prehospital, hospital, 
and rehabilitation services. 
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,~ Develop national guidelines for standardized methods of collection, analysis, and report­
ing of trauma data. 

• Develop, validate, and implement methods and measures for routinely evaluating 
trauma system performance. 

• Link resource availability and use to patient outcome, with an emphasis on morbidity, 
mortality, and long-term disability. 

• Evaluate the feasibility of aggregating trauma data regionally or statewide to provide 
basic utilization and outcome information on all injured patients, regardless of where 
they were injured. 

• Evaluate the use of trauma care data for epidemiologic research and as a public health 
tool for the design, development, and evaluation of intervention and prevention strate­
gies. 

Availability and Training of Health Professionals in Trauma Care 

Although trauma is the leading public health problem in this Nation, a recent survey of 
general surgery program directors throughout the United States (66) revealed that medical 
school curricula provide extremely limited coverage of injury and trauma care systems. The 
same study showed a tremendous inconsistency in the amount of experience commonly 
offered to surgical residents during their postgraduate training. In general, the deans and 
faculties of medical, nursing, and allied health schools have little knowledge of the magni­
tude and significance of the trauma problem. Curricula at these schools lack formal 
instruction in injury prevention and trauma care systems. 

Severe shortages of professionals dedicated to the treatment of trauma exist in the United 
States. Among the disincentives for working in the trauma field is the lack of adequate 
reward for working long hours at night and on weekends. In contrast to the situation in 
Canada and many European countries, public and private third party payers in the United 
States do not provide added payments to professionals delivering services during evening, 
nights, weekends, or holidays. In general, in the United States the physical and emotional 
stress and the disruption of personal and professional schedules associated with emergency 
work at off hours have been regarded as a "cost of doing business." In reality, however, 
physicians and other health care professionals must be compensated for this off-hour work 
load. 

The high number of law suits initiated by emergency patients has led to high malpractice 
insurance premiums for certain specialties, such as neurosurgery, obstetrics, and orthopae­
dic surgery. These high malpractice premiums discourage physicians from specializing in 
trauma care. In some areas, such as Florida, some physicians have chosen to confine 
themselves exclusively to a nonemergency practice to reduce their malpractice expenses. 

The Physician Payment Review Commission is developing a fee schedule for Medicare that 
will be based on a resource-based relative value scale initially developed by Hsiao and 

Trauma Care Systems-How We Get There 
408 

_I 



colleagues (67). This method of determining reimbursement incorporates a consideration 
of the time and intensity of the service along with the costs of resources and malpractice 
insurance. Some problems outlined above regarding physician reimbursement for trauma 
care can be addressed if proper attention is given to the time, intensity, and personal costs 
associated with trauma care. 

Financial losses associated with caring for large numbers of uninsured or underinsured 
trauma patients have caused many hospitals to withdraw from the trauma market. In many 
urban centers, this has resulted in trauma care being concentrated at large, municipal 
hospitals with already limited financial resources. These institutions have difficulties paying 
competitive sala,ries to their employees, resulting in low levels of staffing and high turnover. 

The financial disincentives described above are further compounded by certain occupa­
tional hazards, most notably, increased exposure to HBV (hepatitis) and extensive contact 
with HIV (AIDS). Approximately 6% of the trauma population test HIV positive, although 
rates vary depending on the patient mix of the population studied (68-70). Because of the 
blood and body secretions associated with injury, trauma care providers are exposed to a 
greater risk of contracting these diseases than are other providers. Despite the development 
of safety standards, all methods of protection have shortcomings and are far from being 
foolproof. Exposure to either HIV or HBV is potentially letha1. Trauma care systems must 
work to reduce these risks for health care providers. 

Trauma care training for the general public and prehospital personnel is needed to ensure 
optimal care of injured persons at the scene of the injury and during transportation to the 
most appropriate acute care hospital. Citizens should be trained in the immediate manage­
ment of a trauma incident, including preventing further harm, accessing the trauma system, 
clearing the airway, and stopping external bleeding. First responders, generally law enforce­
ment officers and emergency medical technicians (EMTs), provide most prehospital trauma 
care in the United States, and training of these personnel is based largely on curricula 
developed and disseminated by the U.S. Department of Transportation (DOT). Studies of 
the knowledge and skill requirements of pre hospital personnel and evaluations of the impact 
of training on patient outcomes are needed so that DOT standard curricula can be further 
developed. Basic and advanced trauma life support courses, developed in conjunction with 
professional medical groups, can provide valuable continuing education for prehospital 
personnel. Instruction in trauma care protocols and triage guidelines for prehospital 
personnel is an essential component of trauma systems. 

There continues to be a shortage of registered nurses, especially in critical care. This 
shortage is expected to continue in the 1990s and will affect future needs for nurses in acute 
care, rehabilitation, and long-term care facilities. This shortage of nurses has an impact on 
trauma care systems, since trauma patients require intense and lengthy nursing care. There 
are some disincentives for nurses working in EMS or trauma care that are related to the 
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occupational hazards of exposure to violent acts from patients, exposure to HIV and HBV, 
and the stressful work load. Recruitm~nt and retention of qualified nurses in all phases of 
trauma care (acute care, rehabilitation, and home care) must be a priority in any trauma 
system. 

Trauma nursing needs to be included in nursing school curricula at all levels. Nurses need 
to be trained for advanced positions in trauma care, such as nurse practitioners for acute 
care and rehabilitation, clinical specialists for case management, and nurse researchers. 
Continuing education and training for nurses practicing in all phases of trauma care are 
needed to address the specific needs of the trauma patient and the specific functions that 
nurses perform as part of the trauma care team. Quality continuing education programs 
should be accessible to all trauma nurses in the United States, including those in rural areas. 

Finally, trauma physicians and other trauma care professionals are not adequately recog­
nized in academic circles. Physicians and other trauma care professionals of various 
specialties who routinely carry large clinical burdens are often at a disadvantage for 
promotion, since obtaining research grants and publishing research papers is still empha­
sized in academia. The accumulation of frustrations in all these areas lead many talented 
and experienced traumatologists to leave academic medicine and trauma care. They are 
then lost not only as trauma care providers but as researchers, teachers, and leaders in this 
field. 

Availability and Training of Health Professionals in Trauma Care -
Committee Recommendations: 

Establish programs for training and educating the public and all health professionals in the 
field of trauma care, including injury prevention, research, and prehospital, hospital, and 
rehabilitation services. 

• Establish a "citizens" trauma care education course. 

• Promote careers in trauma care. 

• Broaden education and training for all trauma care professionals. 

• Influence schools of prehospital care, medicine, nursing, and allied health to recognize 
injury as a national health problem and to include curricula to educate health care 
professionals about the problem. 

• Ensure academic recognition and credibility for the field of trauma care - increase 
grants for trauma system research and trauma education, including fellowships, en­
dowed chairs, and professorships. 

• Develop and initiate trauma training programs for rural health care providers. 

Provide incentives for professionals in the field of trauma care. 

e Extend the "good samaritan" law to cover all trauma care. 
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• Develop methods for fairly compensating trauma care professionals - all payer system 
and emergency fee schedule. 

• Implement compensation for "offl hours, intensity of work, and risk. 

Optimal Trauma Systems for Rural America 

Inclusive trauma care systems are particularly important in rural areas. Usually, rural 
medical institutions are small and have a working relationship with larger hospitals to which 
they sometimes refer patients. The development of rural systems should take into account 
these existing referral patterns and their effectiveness. The use of formal standards for 
interfacility transfer needs to be promoted to ensure timely transport of the rural trauma 
patient to the trauma center and reciprocal return of that patient to his or her local 
environment and local hospital upon stabilization for rehabilitation as necessary and appro­
priate. The unchangeable environmental impediments, such as geography, long distances, 
and adverse weather conditions, must be considered in the development of optimal rural 
trauma systems. 

The challenge is to provide appropriate, ongoing, and recurrent trauma training to prehos­
pital and hospital rural health care providers. Without this training, their skills will decline. 

Optimal Trauma System~'for Rural America· Committee Recommendations: 

Identify the problems of providing optimal trauma care to the rural population. 

• Identify and establish linkages between all regional trauma care resources. 

• Study and implement effective and efficient transfer systems (including mode of trans-
portation) among all levels of regional resources. 

• Evaluate the problems of discovery and access to care. 

• Develop and initiate trauma care training programs for rural health care providers. 

• Define optimal and affordable trauma care resources for each type and size of rural 
institution. 

Optimal Trauma Systems for Urban America 

The problems of trauma care in urban America are different from those in rural settings. 
In larger cities many trauma care problems are due to large population densities with high 
concentrations of people who are unemployed, violent, or elderly. Injured persons from 
among these groups place heavy financial burdens on the urban hospitals rendering trauma 
care. High numbers of seriously injured patients often overwhelm both prehospital and 
hospital providers to the point that the system fails to give optimal care. The poor financial 
profile of many injured people makes obtaining adequate rehabilitation for their physical 
and psychological problems difficult. Acute care beds become crowded with patients 
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needing nonacute care, and the already overcrowded urban hospital has further problems 
admitting and caring for nontrauma patients. Administrators of non trauma center hospi­
tals, aware of these problems, may choose not to participate in the trauma care system and 
thus compound the patient load and the financial losses of the participating trauma centers. 

Last, university hospitals and professional schools that function as urban trauma centers risk 
having their educational and research roles impaired by the financial costs and heavy work 
loads of rendering trauma care. 

Optimal Trauma Systems for Urban America· Committee Recommendations: 

Study and define the problems of urban trauma care, especially systems overload. 

• Evaluate the economics of urban trauma care and provide adequate funding for institu-
tional and professional care. 

• Study violence and develop solutions to the medical problems associated with it. 

o Study and refine triage criteria to increase specificity of use of the trauma center. 

• Develop a back-up system for the overload problems of urban university hospitals. 

Pediatric Trauma 

The unique requirements for care of the injured child must be integrated throughout all 
aspects of the inclusive system. These requirements include the following: 

• Appropriate training for all health care providers in the special requirements and unique 
characteristics of the injured child. 

• Leadership of pediatric specialists in implementing, updating, and disseminating current 
principles of management of the injured child. 

• Cooperation among providers and pediatric specialists in the development of protocols 
for triage, resuscitation, transport, and rehabilitation. 

• Intense research into the causes of childhood injuries, especially those caused by 
behavioral and environmental factors; active and passive programs for injury preven­
tion; and the effect of injury on developmental and functional disabilities. 

The critical preventive aspects of pediatric trauma require special attention. Prevention 
programs to increase the use of passenger restraints (especially for infants) and bicycle 
helmets, sports injury prevention programs, and other similar projects need further support 
and implementation. Improved social programs to prevent child abuse and protect the 
abused child are essential. Adolescent injury and suicide prevention programs need more 
emphasis. Since every injured child represents a potentially significant loss to society, all of 
these programs must be constantly monitored and refined. Refinements should be 
based nn objective information collected through a system of nationwide data surveil­
lance. A contemporary data base that can be analyzed periodically must be established to 
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ensure that the present system functions optimally and that the principles of care remain 
current and correct. 

Pediatric Trauma· Committee Recommendations: 

Study, evaluate, identify, and implement solutions to problems associated with pediatric 
trauma care. 

• Establish programs of training and education for all health care providers in pediatric 
trauma care, including prevention, research, and rehabilitation. 

• Develop a uniform national data set for pediatric trauma care. 

• Develop national standards for pediatric trauma care with special reference to those 
cases requiring specialty centers and rehabilitation referral. 

• Study the long-term effect of pediatric trauma on the individual, family, and society. 

• Increase injury prevention efforts with special reference to unintentidnal injury to 
children, child abuse, and teen suicide. 

Geriatric Trauma 

Better data on the size, scope, and cost of geriatric trauma care are needed. Further 
investigation of the impact of co-morbid factors on injury occurrence and patient outcome 
are needed, including assessment of resource utilization by elderly patients. Injury types 
and distributions specific to the elderly require identification. Recovery rates are needed, 
particularly those relating to patient outcomes and requirements for rehabilitation after 
major or critical injury. Definitions of non survivable injuries need to be obtained through 
research efforts and then accepted by society. 

Efforts to focus attention on elderly injured persons require the following: 

• Focused prevention activities. Among the elderly, falls are the leading cause of death 
due to injury; prescription and over-the-counter drugs and alcohol use are often the 
cause of falls. Many prevention activities do not focus on the geriatric population. 

• Inhospital therapeutics. Most medical experts support an aggressive initial approach to 
the care of elderly injured. For example, aggressive early management of cardiopul­
monary problems to optimize peripheral oxygen delivery improves patient outcome 
(71). However, this type of aggressive approach must be coupled with the ability to limit 
therapy that appears fruitless. 

• Aggressive patient management. The goal of maximum mobility at hospital discharge 
warrants more investigation and support. Home health care and continued physical 
therapy should be available and accessible to all elderly injured persons. 

• Financing health care for the elderly could pose a major problem, since Medicare 
reimbursement is based on Diagnostic Related Groups (DRGs) that do not adequately 
recognize and characterize injury. It is impossible to abstract a complete set of injured 
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patients from a DRG data bank, and DRGs do not adequately represent the resources 
consumed by the elderly injured. Results of numerous studies have shown that patients 
with certain diagnosed injuries treated at Level I and Level II trauma centers result in 
hospital losses of up to $10,000 per patient, depending on age and the severity of the 
injuries. If trauma system development is to survive through the 1990s, major changes 
in the DRG system are needed to account for the nature and severity of injury. 

Geriatric Trauma· Committee Recommendations: 

Study, evalunte, and identify solutions to problems associated with geriatric trauma care. 

• Develop and implement ongoing prevention activities for the elderly. 

• Practice aggressive management of the elderly injured patient with the goal of maximum 
mobility at hospital discharge. 

• Support home health care and continued physical therapy for elderly injured persons. 

• Refine DRGs to reflect the cost of treating elderly injured persons. 

Ethical, Moral, and Legal Issues 

Trauma care systems are increasingly faced with difficult ethical, moral, and legal challenges 
because of their success in saving lives. Families and health care providers are often faced 
with delicate decisions about artificial life sustaining procedures for patients who are 
incompetent to make these decisions themselves. In addition, organ procurement, organ 
donation, and do-not-resuscitate orders are complex for both health care professionals and 
family members. PJthough living wills and durable powers of attorney for health care can 
help in making these decisions, the public and health care professionals are not sufficiently 
informed as to their advantages and disadvantages. Currently, no single set of criteria for 
determining death in potential organ donors is accepted by the medical profession and the 
public (72). These ethical problems require study and collaboration by the medical, legal, 
and patient advocate communities. Trauma care systems must first educate health care 
providers about the legal, moral, and ethical aspects of these decisions and then educate the 
public. 

Ethical, Moral and Legal Issues M Committee Recommendations: 

Foster collaborative study on the ethical, moral, and legal dilemmas facing trauma care 
today. Items for study include the removal of artificial life-sustaining technology, organ 
donation and procurement, and further development of criteria for determining death in 
trauma patients who are potential organ donors. 

• Educate health care professionals and the public about these issues. 

Role of Trauma Care Systems in Primary Prevention and Rehabilitation 

Trauma care professionals must integrate their activities with those of public health profes­
sionals who work to prevent injuries and with the rehabilitation community to ensure that 
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the results of good trauma care translate into better long-term outcomes and an improved 
quality of life for patients. 

Health care professionals involved in the management oftrauma patients are in an excellent 
position to promote policies that can prevent injury. In addition to their first-hand knowl­
edge of the consequences of injury they have the potential to establish data bases that can 
provide the basic information for understanding the epidemiology of injuries. However, too 
little has been done to provide these professionals with educational opportunities in injury 
epidemiology and prevention policies. Health care professionals also have the opportunity 
to work within the system to facilitate treatment not only for the injury itself but for any 
underlying alcohol and drug problem, which is often the primary cause of the injury. 

Trauma care professionals are challenged to work more closely with rehabilitation profes­
sionals to facilitate early referral for physical restoration, psychosocial reintegration, and 
reentry into the work environment. This aspect is a particularly important challenge in view 
of the growing number of survivors who sustain injuries resulting in significant physical, 
cognitive, and psychological impairments. Standard protocols for assessing the patients' 
posttrauma care needs must be developed and applied on a routine basis. Rehabilitation 
facilities should be designated in a similar way to trauma centers, and standardized transfer 
protocols to those facilities should be instituted and formalized. 

Finally, there is minimal public awareness of the benefits of effective trauma care systems. 
The public might equate trauma care with ambulances or emergency department care and 
not see it as a continuum of care from onset of injury through recovery. A lack of 
understanding by the public could hinder proper development and function of the system. 
An informed public can dispel myths about trauma care and create community awareness 
regarding trauma care systems and trauma prevention. An informed public knows that 
trauma care is part of emergency care and comes to expect the continuity of care provided 
by trauma care systems (9). 

Role of Trauma Care Systems in Primary Prevention and Rehabilitation -
Committee Recommendations: 

Increase the availability of funding for research on injury control (prevention, acute care, 
and rehabilitation). 

• Work with rehabilitation professionals to facilitate early referral for physical restoration, 
psychosocial reintegration, and reentry into the work environment. 

• Develop and implement standard protocols for assessing the patients' posttrauma care 
needs. 

• Designate rehabilitation facilities according to their level of expertise. 
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Establish trauma care as a national public health priority. 

• Establish and clarify the role of the federal agency that is to provide national leadership 
to coordinate trauma care system development with other injury prevention and control 
efforts. 

• Educate the public that trauma is preventable. 

• Expand injury prevention activities. 

Summary of Recommendations 

The following recommendations reflect the areas that need to be addressed in order to 
provide all citizens with access to optimal trauma care, given available re:murces. Since the 
concept of inclusive trauma rare systems is relatively new, many re~ommendations are 
fundamental and not specific with operational details. Before inclusive trauma systems are 
widely developed and implemented, the American public must be educated that trauma is 
preventable. In addition, trauma professionals must demonstrate to the public and the 
federal government the effectiveness and cost-efficiency of trauma care systems. Once 
these two objectives have been accomplished the public will demand optimal trauma care 
throughout the country, and the trauma care field will be widely recognized and supported. 

1. Establish trauma care as a national public health priority. 

• Establish and clarify the role of the federal agency that is to provide national 
leadership to coordinate trauma care system development with other injury preven­
tion and control efforts. 

• Educate the public that trauma is preventable. 

• Expand injury prevention activities. 

2. Develop, implement, and evaluate an inclusive trauma care system in the United States. 

• Provide adequate federal funding to implement the Trauma Care Systems Planning 
and Development Act of 1990 (37). This should include the following: 

- Establish and operate a national clearinghouse on injury surveillance and 
methods of evaluating trauma system performance. 

Develop appropriate, modern trauma care systems and EMS systems 
through sharing information. 

Collect, compile, and disseminate information on the achievements and 
problems of providing trauma care and emergency medical services 
(EMS), especially the unique needs of rural and urban areas. 
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Provide technical assistance relating to trauma care and EMS to state and 
local agencies. 

Sponsor workshops and conferences on trauma care and EMS. 

- Develop and implement a national uniform data set for trauma care, including 
system performance and patient outcome measurements for prehospital, 
hospital, and rehabilitation services, and establish guidelines for states to collect, 
analyze, and report these data. 

• Establish and maintain national standards for trauma care data systems that facilitate 
aggregation, analysis, and reporting of standardized data at the local, state, and 
regional levels. 

• Develop and implement inclusive trauma care systems that involve all acute care 
institutions. 

- Identify and provide incentives to encourage participation in the systems. 

• EstabJish an effective triage scheme and triage criteria. 

• Ensure universal access to EMS (911) and a trauma care system (including trauma 
centers). 

• Establish an integrated system of care, including prehospital, hospital, and rehabili-
tation services (42). 

• Initiate rehabilitation services during the acute care treatment of injured persons. 

• Designate rehabilitation facilities according to their level of expertise. 

• Expand the availability of NHTSA DOTS training in states and communities. 

3. Develop, implement, and evaluate a national uniform data set for trauma care. 
National standards for case criteria and for collecting, analyzing, and reporting 
trauma care data should be appropriate for use by all acute care institutions. 

• Develop and implement national standards for case criteria and data set content for 
system performance and patient outcome measures relevant to prehospital, hospital, 
and rehabilitation services. 

• Develop national guidelines for standardized methods of collection, analysis, and 
reporting of trauma data. 

• Develop, validate, and implement methods and measures for routinely evaluating 
trauma system performance. 

• Link resource availability and use to patient outcome, with an emphasis on morbidity, 
mortality, and long-term disability. 

• Evaluate the feasibility of aggregating trauma data regionally or statewide to provide 
basic utilization and outcome information on all injury patients, regardless of where 
they were injured. 
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• Evaluate the use of trauma care data for epidemiologic research and as a public 
health tool for the design, development, and evaluation of intervention and preven­
tion strategies. 

4. Increase the availability of funding for research on injury control (prevention, 
acute care, and rehabilitation). 

• Develop and implement prevention programs to decrease the need for trauma care. 

• Develop and implement standard protocols for assessing the patients' posttrauma 
care needs. 

• Develop methods to facilitate early referral for physical restoration, psychosocial 
reintegration, and reentry into the work environment. 

5. Study, identify, implement, and evaluate cost-effective measures for trauma 
care systems. 

• Improve the cost-effectiveness of trauma care systems. 

• Improve trauma patient transfer criteria within the system. 

• Develop and implement data acquisition and a trauma care data system that moni­
tors and ensures cost-effectiveness. 

6. Conduct a comprehensive evaluation of reimbursement problems and provide financial 
support for trauma care systems. 

• Evaluate the cost-effectiveness of trauma care systems. 

• Address the issue of uncompensated and undercompensated care. 

• Expand Medicaid and Medicare coverage for trauma care. 

• Ensure adequate reimbursement for care rendered at accredited trauma centers. 

• Define and implement methods for improving automobile insurers support for care 
of those injured in motor vehicle crashes, including no-fault insurers. 

• Establish trauma financing pools (such as taxation schemes on alcohol, vehicles, and 
firearms) specifically to fund trauma care systems. 

• Study and define the unique differences in the economics of rural and urban systems. 

7. Establish programs for training and educating the public and all health professionals 
in the field of trauma care, including injury prevention, research, and prehospital, 
hospital, and rehabilitation services. 

• Establish a "citizens" trauma care education course. 

• Promote careers in trauma care. 

• Broaden education and training for all trauma care professionals. 
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• Influence schools of prehospital care, medicine, nursing, and allied health to recog­
nize injury as a national health problem and to include curricula to educate health 
care professionals about the problem. 

• Ensure academic recognition and credibility for the field of trauma care - increase 
grants for trauma system research and trauma education, including fellowships, 
endowed chairs, and professorships. 

• Develop and initiate trauma training programs for rural health care providers. 

8. Provide incentives for professionals in the field of trauma care. 

• Extend the "good samaritan" law to cover all trauma care. 

• Develop methods for fairly compensating trauma care professionals - all payer 
system and emergency fee schedule. 

• Implement compensation for "off' hours, intensity of work, and risk. 

9. Identify the problems of providing optimal trauma care to the rural population. 

• Identify and establish linkages between all regional trauma care resources. 

• Study and implement effective and efficient transfer systems (including mode of 
transportation) among all levels of regional resources. 

• Evaluate the problems of discovery and access to care. 

• Develop and initiate trauma care training programs for rural health care providers. 

• Define optimal and affordable trauma care resources for each type and size of rural 
institution. 

10. Study and define the problems of urban trauma care - especially systems overload. 

• Evaluate the economics of urban trauma care and provide adequate funding for 
institutional and professional care. 

• Study violence and develop solutions to the medical problems associated with it. 

• Study and refine triage criteria to increase specificity of use of the trauma center. 

• Develop a back-up system for the overload problems of urban university hospitals. 

11. Study, evaluate, identify, and implement solutions to problems associated with 
pediatric trauma care. 

• Establish programs for training and educating all health care providers in pediatric 
trauma care, including prevention, research, and rehabilitation. 

• Develop a uniform national data set for pediatric trauma care. 
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• Develop national standards for pediatric trauma care with special reference to those 
cases requiring specialty centers and rehabilitation referral. 

• Study the long-term effect of pediatric trauma on the individual, family, and society. 

• Increase injury prevention efforts with special reference to unintentional injury to 
children, child abuse, and teen suicide. 

12. Study, evaluate, and identify solutions to problems associated with geriatric trauma 
care. 

• Develop and implement ongoing prevention activities for the elderly. 

• Practice aggressive management of the elderly injured patient with the goal of 
maximum mobility at hospital discharge. 

• Support home health care and continued physical therapy for elderly injured per­
sons. 

• Refine DRGs to reflect the cost of treating elderly injured persons. 

13. Foster collaborative study on the ethical, moral, and legal dilemmas facing trauma care 
today. Items for study include removal of artificial life-sustaining technology, organ 
donation and procurement, and further development of criteria for determining death 
in trauma patients who are potential organ donors. 

• Educate health care professionals and the public about these issues. 
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abbreviated injury scale (AIS) - a consensus-derived, anatomically based system that 
classifies individual injuries by body region on a 6-point ordinal severity scale ranging from 
AIS I (minor) to AIS 5 (currently untreatable). The AIS does not assess the combined effects 
of multiple injuries. 

acute care - surgical and medical treatment to arrest and reverse the rapid deterioration or 
loss of vital signs or body functions resulting from an injury or medical emergency that poses 
the threat of imminent loss of life, limb, or !Wpoftant bodily function 

acute care institution - a hospital that provides diagnostic and therapeutic services for 
patients whose medical conditions require emergency or urgent care 

by-pass - transport of an EMS patient past a normally used EMS receiving facility to a 
designated medical facility for the purpose of accessing more readily available or appropri­
ate medical care 

citizen access - the act of requesting emergency assistance for a specific event 

communications system - a collection of individual communication networks, a transmission 
system, relay stations, and control and base stations capable of interconnection and interop­
eration that are designed to form an integral whole. The individual components must serve 
a common purpose, be technically compatible, employ common procedures, respond to 
control, and operate in unison. 

diagnostic related group (DRG) • a reimbursement method based on a prospective set rate 
that is a fixed allocation without consideration for individual hospital services 

disaster - any occurrence that causes damage, ecological destruction, loss of human lives, 
or deterioration of health and health services on a scale sufficient to warrant an extraordi­
nary response from outside the affected community area 

dispatch - the act of sending emergency resources in response to a specific event 

field categorization (class~!ication) - a medical emergency classification procedure that is 
applicable under conditions encountered at the site of a medical emergency. An example 
is the procedure used for classification of injuries incident to motor vehicle crashes (dead, 
disabling, nondisabIing, possible, or none). 

inclusive trauma care system - a trauma care system that addresses the needs of all injured 
patients and provides a continuum of services, including prevention, prehospital care, acute 
care, and rehabilitation 
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injury - the result of an act that damages, harms, or hurts 

injury prevention. efforts to forestall or prevent events that might result in injuries 

injury rate· a statistical measure describing the number of injuries expected to occur in a 
defined number of people (usually 100,000) within a defined period (usually 1 year). An 
expression of the relative risk of different injuries or groups. 

injury severity score (ISS) • a quantitative summary of the severity level of one or more 
injuries sustained by an individual; it is calculated by the sum of the squares of the highest 
severity score of injuries in up to three body regions 

living will - specific written directives regarding the right to refuse artificial life-sustaining 
procedures when the patient is incompetent to refuse such procedures directly 

major trauma - that subset of injuries that encompasses the most severe or critical types of 
injury and therefore requires a systems approach (i.e., a trauma care system) in order to 
save life or limb 

mechanism of injury. the source of forces that produce mechanical (e.g., elastic, viscous, 
or inertial) deformations and physiologic responses that cause an anatomic lesion or 
functional change in humans 

medical command - an order given to a provider of emergency medical services by an 
authorized physician who meets qualifications prescribed by the Department of Health 

medical control - guarantees physician direction over prehospital activities. Dedicated 
medical control should ensure efficient and proficient trauma triage, transportation, and 
care, as well as ongoing quality assurance. 

medical direction· when a physician is identified to develop, implement, and evaluate all 
medical aspects of an EMS system 

morbidity - the relative incidence of disease 

mortality. the proportion of deaths to population 

off-line medical direction - the establishment and monitoring of all medical components of 
an EMS system, including protocols, standing orders, education programs, and the quality 
and delivery of on-line control 
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on-line medical direction· immediate medical direction to prehospital providers in remote 
locations (also known as direct medical control) provided by a physician or an authorized 
communications resource person under the direction of a physician 

overtriage - directing patients to trauma centers when they do not need such specialized 
care. Overtriage occurs because of incorrect identification of patients as having severe 
injuries when retrospective analysis indicates minor injuries. 

patient assessment· the systematic identification of a patient's real or perceived problem( s) 
by means of documentation and evaluation of data based on site surveys, examination of 
the patient for evidence of emergency medical conditions, and pertinent information 
available from the patient 

patient mix· the statistical distribution by type, cause, and severity of medical emergency, 
of patients received and treated at a medical facility over time 

primary assessment· the identification of a patient's real or perceived problem( s) by means 
of the accumulation and evaluation of data from an initial rapid survey of the conditions at 
the scene, a rapid survey of the patient for life-threatening conditions, and pertinent 
information available from the patient 

protocols. standards for EMS practice in a variety of situations within the EMS system 

quality assurance • the process by which patient care, patient outcome, and structural 
aspects of the organization that impact patient care are systematically evaluated according 
to predetermined standards. The purpose is to ensure that the highest possible measure of 
quality is achieved. 

response time· the date and time when an emergency response unit arrived at the scene of 
the emergency 

rural - those areas not designated as metropolitan statistical areas (MSAs) 

service area· that geographic area defined by the local EMS agency in its trauma care system 
plan as the area served by a designated trauma center 

trauma· a term derived from the Greek for "wound"; it refers to any bodily injury 

trauma care system - an organized approach to treating patients with acute injuries; it 
provides personnel, facilities, and equipment for effective and coordinated trauma care in 
an appropriate geographical region at all times 
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Trauma Care Systems Planning and Development Act of 1990 • the bill resulting from the 
conference between the House and the Senate on H.R. 1602, the Trauma Care Systems 
Planning and Development Act of 1989, and a Senate amendment that included the text of 
S. 15, the Emergency Medical Services and Trauma Care Improvement Act of 1989. The 
purpose of the legislation is to assist state governments in developing, implementing, and 
improving regional systems of trauma care. By providing incentives to states and localities 
to establish well-coordinated regionalized systems oftrauma care, severely injured individu­
als can receive specialized, high-quality care as rapidly as possible following their injury. 

trauma center - a facility that is designated by a duly authorized entity to provide compre­
hensive medical and nursing services to severely injured patients 

trauma physician - a physician with experience in the initial resuscitation, treatment, and 
diagnostic work-up of the injured patient and who participates in the systematic approach 
to delivering trauma care. Emergency physicians, anesthesiologists, and surgeons constitute 
the bulk of these physicians, but they may include other physicians with special interest in 
trauma care. 

trauma registry - a collection of data on patients who receive hospital care for certain types 
of injuries (e.g., blunt or penetrating trauma). Such data are primarily designed to ensure 
quality trauma care and outcomes in individual institutions and trauma systems but have the 
secondary purpose of providing useful data for the surveillance of injury morbidity and 
mortality. 

trauma surgeon - a physician who (a) has completed a surgical residency approved by the 
Accreditation Council for Graduate Medical Education and the course in Advance Trauma 
Life Support given by the American College of Surgeons (ACS), (b) has clinical experience 
in caring for injured persons, and ( c) is board-certified in accordance with American College 
of Surgeons provisions for surgeons who treat trauma patients 

trauma team - the multidisciplinary group of professionals who have been designated to 
collectively render care for trauma patients at a designated trauma center 

triage - the process of sorting injured patients on the basis of the actual or perceived degree 
of injury and assigning them to the most effective and efficient regional care resources, in 
order to insure optimal care and the best chance of survival 

triage criteria - measures or methods of assessing the severi~y of a person's injuries that are 
used for patient evaluation, especially in the prehospital setting, and that use anatomic and 
physiologic considerations and mechanism of injury 

uncompensated care - care for which no reimbursement is made 
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undertriage - directing fewer patients to trauma centers than is warranted because of 
incorrect identification of patients as having minor injuries when retrospective analysis 
indicates severe injuries 

urban area - anywhere within 20 miles of a population of 30,000 or more 

911 • a three-digit telephone number to facilitate the reporting of an incident or situation 
requiring response by a public safety agency 

enhanced 911- a telephone system that includes automatic number identification, automatic 
location identification, and (optimally) selective routing, to facilitate appropriate public 
safety response 
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Where WeAre 

This position paper on acute care treatment deals with the prehospital and in-hospital 
phases of medical care following traumatic injury. Systems issues related to the design of 
regional trauma care systems, the number of trauma cases to be expected in a given 
population, the methods of determining the need for and designation of trauma centers, 
and the triage of major trauma patients to specific trauma centers are all addressed in the 
position paper on trauma care systems. Although planning for rehabilitation and the earliest 
stages of the rehabilitation process must begin during the acute treatment phase of the initial 
hospitalization, these issues are examined in the position paper on rehabilitation. 

Trauma care has evolved as a separate area of specialty interest over the last three decades, 
and optimal treatment for many injuries has been examined in detail and is generally well 
defined. We will not attempt to address here the areas in which there is good agreement 
about appropriate treatment, but will instead focus on research objectives for controversial 
areas or areas for which our present efforts are inadequate to control or reverse the mortality 
and morbidity after major trauma. These research objectives were formulated after exten­
sive discussion in the total committee, but were drafted by a specific committee member 
with special expertise in that area. The objectives are in areas, identified by the committee, 
in which advances in care are most needed, although the committee did not attempt to place 
any relative priority or any cost/benefit ratios on the specific goals. 

Although all medical specialties may be involved in the care of complex trauma patients, 
generally only a few surgical specialties are directly involved. The initial assessment and 
resuscitation of the trauma patient in most hospitals is done by the emergency medicine 
specialist. On the basis of patient needs, the appropriate surgical specialist is contacted for 
in-hospital care, and the patient is transferred to that surgeon's care when leaving the 
emergency department. In trauma centers, the trauma surgeon, who is a general surgeon 
with special interest and training in trauma care, may assume direct management of the 
patient during emergency department resuscitation and diagnostic workup, although the 
emergency medicine specialist remains integrally involved. The trauma surgeon should lead 
the team caring for the patient during his or her hospitalization and should consult other 
surgical specialists as needed for injuries involving particular organ systems. Statistically, 
the orthopedist and neurosurgeon are the specialists most commonly needed and are closely 
involved with the patient's management, from presentation in the emergency department 
through hospitalization. 

The material in the next chapter of this position paper is organized in the sequence of care 
that an incoming patient would receive: prehospital and emergency department care, 
definitive care, intensive care, and care for complications and morbidity. Five specific areas 
of trauma care require focused attention: pediatric trauma, neurotrauma, burn injury, 
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musculoskeletal injury, and ocular trauma care. Although these specific areas and the more 
general topics often overlap, we have tried to keep the issues as separate as possible. Each 
section begins with an introduction intended to place that section within the overall perspec­
tive of the acute care position paper. However, the majority of the material focuses on 
specific topics that need further investigation. Each research topic is followed bya brief 
discussion of the issues involved. 
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Where We Want To Be 

Prehospital Care/Emergency Department Care 

Introduction 

Most trauma care professionals recognize the importance of high-calibre prehospital care 
in trauma management, especially the need for optimal resuscitation, immobilization, 
triage, and transportation (1). Future research in the area of prehospital therapy should 
focus on those areas most likely to contribute to improved patient outcome (2). 

Deaths secondary to trauma follow a trimodal distribution. Early deaths, occurring imme­
diately or during the first few minutes, are usually due to severe injury to the central nervous 
system, large blood vessels, or heart. Even optimal treatment has little effect on this group 
of injuries, and only improved injury prevention will significantly reduce the number of early 
trauma deaths (3). 

The second mortality peak occurs within the first few hours after injury; nearly all the injuries 
causing these deaths are treatable, making time a key factor. The time interval between 
injury and definitive care bears a direct relationship to survival, with hemorrhage and central 
nervous system (CNS) injury being the principal causes of mortality in this period. The 
tradeoffs between potential improvements in outcome as a result of prehospital interven­
tions versus the time taken for these interventions have yet to be well defined, yet a precise 
determination of these tradeoffs is crucial for the design and operation of prehospital 
systems (4, 5). Although many resuscitation modalities are used in the prehospital phase of 
treatment, these modalities are not uniformly implemented because medical direction, 
training, education, and skill maintenance vary. Improved methods must be found for 
teaching and monitoring the quality of effective, presently available treatments, and for 
disseminating improvements as they become available. These areas should be the highest 
priority for those designing clinical studies of prehospital care in the next few years. 

Care for the injured patient begins at the scene of the injury. Ideally the patient is then 
delivered to an appropriate facility in accordance with regional trauma system guidelines. 
Emergency department care for the trauma patient, the initial in-hospital phase of treat­
ment, focuses on resuscitation and diagnosis. The next phase is definitive in-hospital care. 
Optimal trauma care is a continuum of treatment that begins with the prehospital provider, 
as an extension of the hospital's trauma care team, and continues through the patient's 
discharge and rehabilitation. For emergency department care to be completely effective, 
there must be an integrated team effort involving trauma physicians, nurses, and other 
support personnel, all of whom must have received adequate training in the care oftrauma 
patients. Trauma team leaders must understand the priorities and methodology of 
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respiratory compromise. More precise and objective guidelines for early intubation of 
patients are needed for both the prehospital and emergency department phases of care. 
Standardized methods are needed for training prehospital personnel, and improved non­
human intubation models also are needed. 

Improved techniques for emergency intubation are needed, as are better neuromuscular 
blocking agents to facilitate intubation. We also need to develop new noninvasive portable 
technologies to objectively monitor C02 production, ventilation, oxygenation, and tissue 
perfusion and damage. 

Circulation and Perfusion (Fluid Resuscitation) 

Circulatory support has long been emphasized in the resuscitation of patients in hypovo­
lemic shock. Nevertheless, unrecognized or inadequately treated hypovolemia continues to 
be a principal cause of preventable trauma mortality. To save lives, improved methods of 
monitoring blood pressure, circulatory volume, and tissue perfusion or damage are needed, 
particularly as indicators of the effectiveness of resuscitation and ventilation. 

Alternative methods of vascular access and fluid delivery need to be devised. Although 
intraosseous infusion has the potential to benefit patients of all ages, improved practical 
devices are needed for field use. 

Isotonic salt solutions are the standard resuscitative fluid for prehospital use, but physiologic 
principles suggest that combinations of hypertonic salt solutions and synthetic colloids may 
be more effective for rapid volume expansion. Although agents for volume replacement 
are available, they are not necessarily optimal. \Ve need careful clinical studies of the 
benefits-to-costs ratio of using hypertonic saline and colloids in trauma resuscitation. 

Oxygen-carrying fluids based either on hemoglobins or fluorocarbons would be of enormous 
value in both prehospital and hospital care. Data also are needed about the use of blood 
products, both in terms of the optimal use of different types of products and the risk of 
adverse sequelae following their use (for example, AIDS). 

The value of using fluid resuscitation to treat hypotension before definitively controlling 
bleeding has recently been questioned and should be studied further (6). 

Methods of blood conservation and autotransfusion need further study. The use of packed 
or washed red cells theoretically engenders clotting abnormalities sooner than the use of 
whole blood; we must better evaluate the effect that the use of packed or washed cells have 
on the morbidity and mortality of trauma patients. The exact etiologies of bleeding disor­
ders, disseminated intravascular coagulation, and other coagulopathies are often poorly 
defined, and efficacious treatment for most of them has not been developed. 
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We also need to develop more compact and effective high-pressure volume infusors that 
would allow delivery of about 500 ml/minute, and we need to evaluate the clinical outcomes 
of patients treated with such large volumes per minute. 

Diagnostic (Imaging) Studies 

We need improved imaging studies of traumatized patients that combine the techniques of 
computerized tomography, angiography, and magnetic resonance imaging. The goal should 
be to correlate metabolic, anatomic, and functional definitions of internal organs. Ideally, 
organ blood flow, parenchymal bleeding, and the metabolic state of the organ should be 
defined without the use of invasive monitoring techniques. In addition, more sophisticated 
and less invasive methods are needed for evaluating cardiac function and for vascular 
imaging. 

Pharmacotherapy 

Although numerous pharmacologic interventions are available for cardiac victims, few are 
available for trauma victims. Improved agents - osmotic or otherwise - to reduce cerebral 
swelling are urgently needed. We must better understand the central nervous system's 
cellular response to injury if we are to alter the morbidity and mortality of patients with head 
injuries. 

Neuromuscular blocking agents are being studied as adjuncts for airway and Iep control 
and safe patient transport. The efficacy and safety of these agents need to be evaluated 
among different patient populations. Studies also are needed to find suitable pharmacologic 
agents, such as free radical scavengers, that reduce or eliminate cellular and organ injury 
associated with shock and reperfusion. Improved understanding of the early cellular effects 
of trauma and inflammation may make it possible to administer agents (such as steroids to 
patients with spinal cord injuries) that will reduce or prevent later organ failure. As such 
drugs become available, they should be studied in carefully designed prospective trials. 

Underdosing of antibiotics because of fluid shifts has been demonstrated. The adjustment 
of dosages given to acutely injured patients must be better defined (7). 

Temperature 

Noninvasive methods of determining, monitoring, and maintaining a core temperature are 
needed, especially in the prehospital and transport environment; these methods should be 
suitable for patients of all ages. Rapid intravenous infusers capable of heating fluids should 
be developed, as should methods of maintaining body temperature or correcting hypother­
mia in a traumatized patient. 
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Anesthesia/Analgesia 

Newer agents with minimal cardiovascular, respiratory, and other side effects are needed 
for anesthesia and analgesia of the traumatized patient during the prehospital and emer­
gency department phases of treatment. Agents that effect prostaglandin synthesis may 
modulate both pain and the immune system and need further study. 

Immobilization Techniques 

Orthotic devices and immobilization techniques are acceptable in many instances, but in 
others, design improvement is needed. We need to develop compact, light-weight, safe, and 
cost-effective equipment that is capable of providing immediate access to the patient's 
airway, neck, and chest. Little data exist for comparing the efficacy of many competing 
devices and techniques, particularly those used for cervical spine immobilization. Perform­
ance standards must be better defined, and standardized testing procedures must be 
implemented. 

Components/Timing 

Although traumatic injury occurs in an instant, the ultimate outcome is determined by a 
complex chain of events. The benefit of many interventions versus the risk of delaying 
definitive care is controversial. Careful clinical studies are needed to determine the optimal 
organization of prehospital and hospital resources, including the optimal use of trauma 
physicians (8). 

We need to identify the interventions and modes of transport that are useful or essential, 
and those that have no bearing on the patients' outcomes. We also need to identify the skills 
and interventions that are beneficial in the initial hospital phase of resuscitation so that 
educational efforts can focus on these components of care. 

Studies relating outcome to timing of intervention are needed, as are improved triage 
criteria for identifying patients who require early operative care. Improved triage guidelines 
will enable prehospital personnel to properly identify patients needil~g trauma center care, 
while reducing overtriage (i.e., misc1assification of the severity of trauma patients' injuries, 
resulting in overuse of trauma center hospitals). 

Trauma centers are expensive to operate. The value of the separate components must be 
assessed so that optimal resource utilization can be identified, especially for designing rural 
trauma systems and for identifying those patients who would benefit by transfer to a tertiary 
trauma center. 

The delayed effects of actions occurring during the early phases of the treatment of 
traumatic injury need to be clarified. For example, sepsis may result from the bacterial 
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translocation from the intestine or bacterial contamination introduced during the resusci­
tative phase of trauma care. A better understanding of the effects of early treatment of 
patients with severe injuries is necessary to develop improved interventions. 

Research 

A variety of methods are available for collecting data on trauma patients, scoring injury 
severity, and predicting clinical outcomes following injury. However, methods of severity 
scoring and outcome prediction do not control for the time elapsed between the injury event 
and the clinical interventions. Methods with which to better compare data from various 
sources also need to be developed. Reproducible methods of comparing injury variables to 
the various outcome variables need further study. 

Definitive Care 

Introduction 

Definitive care of injured patients begins in the emergency department with resuscitation, 
assessment, and definitive diagnosis, and extends to the operating room, intensive care unit 
(lCV), orward, as appropriate. With the development of Guidelines for Optimum Care of 
the Injured Patient approximately 15 years ago by the American College of Surgeons, 
standards for equipment and availability of surgicaJ and medical personnel were established 
and have been validated by extensive experience. 

Caring for injured patients during this phase is principally the responsibility of the trauma 
surgeon, with the frequent involvement of appropriate surgical subspecialists. The value of 
a separately organized trauma service for managing patients and for coordinating input from 
multiple physicians and paramedical personnel has been clearly demonstrated. 

The management of the most common traumatic injuries is well defined and not subject to 
major controversy, though there are exceptions. In the material to follow, we will attempt 
to highlight those areas where controversy exists or improved care is needed. 

Specific Objectives 

Physiologic Monitoring of Volume Assessment and Tissue Perfusion 

Objective methods are needed for quantifying blood loss and tissue perfusion early in the 
definitive care of injured patients. The clinical tools for evaluating these parameters are 
qualitative and often misinterpreted. Blood pressure, for example, is used as a substitute 
for volume measurement; what is needed is an accurate, simple test that would give changes 
in volume on a real-time basis. 
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Another area to be investigated is the possible protective value of hypotension before 
bleeding is definitively controlled. The question has recently been raised as to whether fluid 
resuscitation in selected hypotensive patients should be limited or withheld until the patient 
is in the operating room and surgeons gain operative control over further internal bleeding. 
It is hypothesized that aggressive resuscitation prior to this may aggravate bleeding. 

Maxillofacial Injuries 

Surgeons treating severe maxillofacial injuries need improved imaging methods that provide 
a three-dimensional view of the injury process and allow them to define the effects of 
reconstruction. Methods of reconstruction have advanced significantly in the last few years 
with the use of miniaturized internal fixation devices, but these methods are still not widely 
used: knowledge of the techniques involved should be further disseminated. Because the 
late results of midface fractures are still often suboptimal, additional research is needed into 
improved methods of fracture reduction and fixation. 

Thoracic Injuries 

Although management of most pulmonary injuries is not considered controversial, studies 
to determine optimal treatment methods are needed in several areas. 

Flail chest occurs among 3 % to 5 % of the people with major thoracic injuries. In the recent 
past, long-term ventilatory support was needed in over 50% of the cases. This has been 
reduced with better pain management, and current pain management is best provided by 
epidural catheterization. The development of pain control techniques with fewer side 
effects is desirable. 

Although air embolism occurs in less than 1% of all patients with major torso trauma, 80% 
to 90% of affected patients die. Diagnosis is difficult, and no methods of routine screening 
have been developed. Effective treatment is similarly lacking. 

Pulmonary contusion remains the second most common injury among thoracic trauma 
patients, and by itself pulmonary contusion is lethal among about 15% of patients with the 
injury. Improved early prognostic indicators are needed, and newer methods of treatment 
should be evaluated. The issue of colloid versus crystalloid resuscitation continues to be 
controversial, and no definitive studies have been done on patients with pulmonary contu­
sion. 

For thoracic trauma patients at highest risk of death from acute, potentially reversible, 
pulmonary compromise, a trial of extracorporeal oxygenation appears to be warranted now 
that surface coatings for the perfusion circuit are available that do not require anticoagula­
tion for cardiopulmonary bypass. 
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The lung appears to be an early target for microemboli or in situ thrombosis in the 
pulmonary vasculature. The vascular occlusive process is one ofthe earliest changes among 
people with adult respiratory distress syndrome (ARDS) and may be responsible for 
initiating most of the subsequent events. The use of newer thrombolytic agents such as tissue 
plasminogen activator should be evaluated in the early treatment of acute respiratory 
failure. 

,Further research also is needed on the effects of nursing interventions such as patient 
positioning, turning, frequent suctioning, and other components of aggressive pulmonary 
toilet. 

Cardiac Injuries 

Cardiac contusion remains a diagnostic and therapeutic enigma. Some authors have 
reported that cardiac contusion occurs among 60% of patients following severe anterior 
chest trauma, but the sensitivity, specificity, and accuracy of current diagnostic tests is 
inadequate. Therapeutic interventions are poorly defined and apparently are needed in 
only a few cases. Diagnoses could in theory be aided by the use of magnetic resonance 
spectroscopy or a similar technique capable of detecting a metabolic abnormality in a 
bruised or ischemic myocardium. Therapeutic intervention would only be required for 
pump failure, incipient transmural rupture, or demonstrated injuries to anatomic structures 
such as papillary muscles, valves, and chordae tendineae. The diagnosis of these injuries is 
crude at best. 

Abdominal Injuries 

Although more sophisticated than past methodologies, current imaging studies still are 
suboptimal. Injuries to the bowel, pancreas, duodenum, and other retroperitoneal struc­
tures are often misdiagnosed. Some solid parenchymal organ injuries could be managed 
nonoperatively if the clinician could determine that bleeding was primarily venous. Current 
diagnostic techniques do not allow the clinician to differentiate the source of the bleeding. 
A combination of computed tomography (CT) scan and digital subtraction angiogram 
(DSA) would provide a precise definition of the sources of bleeding. 

The capability of noninvasively assessing ischemia or non perfusion of abdominal organs by 
a precise imaging system like computerized tomography would be of major benefit. The 
management of the patient during the resuscitation and perioperative period could also be 
aided by a real-time measurement of key blood chemistries (blood gases and certain 
electrolytes). An intravascular, ion-selective, field-effective transistor (ISFET) has been 
developed but not mass produced. 

The role of percutaneous surgery in elective cholecystectomy has caught the imagination of 
many clinicians. Percutaneous or transcutaneous surgery may also have a role in the 
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management of certain traumatic injuries; however, little research has been conducted in 
this area - including the development of animal models. 

Liver Injuries 

The liver injuries of some patients can be managed, without operating, through the use of 
more accurate imaging and diagnosis. Estimates of the percentage of patients who can be 
managed nonoperatively vary from 6% to 30%. The treatment of bleeding from a massive 
liver injury is still problematic, although techniques such as veno-veno bypass, which has 
been perfected in transplant surgery, may have a role. We also need better hemostatic 
agents that can be applied to parenchymal lacerations. 

Spleen Injuries 

In a recent multiinstitutional trial, 14% of all spleen injuries were managed nonoperatively. 
Although the nonoperative approach appears to be a safe alternative to mandatory explo­
ration, we need to conduct 5- to 10-year follow-up studies of the outcomes of the alternative 
approaches, particularly the frequency of infectious complications due to additional blood 
transfusion associated with nonoperative management. 

To improve the treatment of patients with spleen injuries, we need to (a) develop improved 
methods of splenic salvage and improved topical hemostatic agents, (b) provide additional 
training for many surgeons in techniques of splenic salvage, ( c) define the interrelationship 
between T-cell function and macrophage function, and (d) further investigate the frequency 
of late postsplenectomy sepsis (6 weeks to 2 years postoperatively) among adults. 

Colon Injuries 

Recently there has been increasing interest in the primary repair of colon injuries, except 
for injuries to the rectum. Most of the current reports are retrospective; no one has 
conducted a prospective, multiinstitutional, randomized clinical trial of the various recom­
mended therapeutic modalities. Additional research is needed to better· define how the use 
of routine enteral feeding, commencing immediately after operative repair, might contrib­
ute to the protection of the enterocyte, and to determine whether or not other protective 
measures are needed to prevent atrophy of the enterocyte. 

Pelvic Injuries 

In many ways pelvic injuries are still the most difficult type of injury to treat. Hemorrhage, 
abnormal clotting, and postinjury sepsis are still common complications among patients with 
pelvic fracture. No randomized, prospective studies have been conducted on the relative 
advantage of rapid external fixation, angiography, and other techniques to control bleeding. 
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Extremity Injuries 

The treatment of extremity injuries remains controversial, particularly in regard to the type 
of prosthetic devices to be placed in injured arteries. Degloving and crush injuries remain 
vexing problems, particularly as they relate to the development of compartment syndromes 
and remote organ damage due to myoglobin or hemoglobin pigment. The treatment of 
pigment injuries is empiric at best. Skin substitutes and the timing of reconstructive 
procedures have not been subjected to randomized trials. The effects of reperf1.Jsion injury 
on tissues in the extremities are just beginning to be defined, and effective therapies to 
prevent adverse consequences of reperfusion are not available. This entire problem needs 
detailed study. 

Nutritional Support 

Most experts now recommend that nutritional support of severely injured patients begin 48 
hours after the injury. Newer methodologies would allow either enteral or parenteral 
nutrition to be started almost simultaneously with resuscitation. The workings of the 
intermediary metabolic pathways during the acute resuscitation and definitive surgery 
phases are not well understood, and the role of specialized diets or amino acids needs 
investigation. 

Anesthesia/Analgesia 

The ideal anesthetic and analgesic techniques for acutely injured patients have not been 
developed. A particular problem is the ventilatory management of patients during the 
definitive surgery immediately following injury. Mter prolonged procedures, patients often 
have severe shunts or hypothermia; the mechanisms causing these problems at a basic 
physiologic level are not understood. 

Several important questions remain in the treatment of severely traumatized patients: Is 
there a role for sophisticated ventilators in the operating room, and would these prevent 
some of the oxygen desaturation that frequently occurs? Would the capability to rapidly 
measure oxygen consumption and delivery during the acute resuscitative phase alter treat­
ment and outcome? Would better analgesics minimize the catecholamine response in the 
immediate resuscitative and postinjury period, thus reducing some of the undesirable effects 
of the inflammatory cascade that follows severe injury? 

Autotransfusion/Blood Conservation 

The availability of blood is critical for trauma management. Methods of blood conservation 
and autotransfusion used in the treatment of trauma patients have not been studied 
thoroughly. The use of pacKed cells or recovered washed red cells theoretically engenders 
clotting abnormalities sooner than the traditional use of whole blood. Whether this has a 
significant impact on the survival of trauma patients has not been evaluated. 
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Intensive Care 

Introduction 

The intensive care unit (lCU) has evolved from an area dedicated to mechanical support 
of respiration to specialized areas dedicated to providing life support systems for all bodily 
functions. Although only 10% to 15% of trauma patients require admission to an lCU, their 
outcome would be worse without access to this level of care. Specific examples of patients 
who benefit include those with head injuries, those with chest trauma requiring ventilation, 
those with multiple organ injuries, and those in severe hypovolemic shock. Careful attention 
to these patients' organ systems allows correction of early derangements and may prevent 
the multiple organ failure syndromes. Unfortunately, the cost ofICU care is increasing, and 
we need to find better ways of providing this sophisticated level of treatment to people who 
need it (9). 

Organization of Intensive Care Units 

Develop and Test Valid Admission Criteria 

The continuing increase in the cost of lCU care, already the most e>.rpensive care in the 
health care system, underscores the need for a better definition of who should receive such 
care. Admission criteria should reflect the availability oflocal resources, the patient's need 
for acute life support, and the potential for leU care to prevent complications. The criteria 
for lCU admission and the criteria by which patient outcomes are evaluated should be 
independent. 

Develop and Test Outcome Predictors 

Valid predictors of patient outcome are needed for mUltiple purposes, including predicting 
the likelihood of a patient's survival and evaluating quality of care. These indices should aid 
a clinician in making a decision regarding the benefits of lCU care for an individual patient 
(10). Current tools have been inadequately validated in the young injured population (11). 

Develop Alternatives to leu Care 

Current access to rCUbeds is limited, and bed rationing is occurring (12). The development 
of intensive care units has diminished the level of ward care. This trend could be reversed 
by using new technology or by improving ward nursing care so that some of our patients who 
are now admitted to an intermediate care or lCU are·a could be managed in a ward setting 
(13). 

Redefine Roles of Various Personnel Required for Intensive Care 

Critical care nurses are in high demand. Are there alternatives to critical care nurses in the 
rCU? Can a nursing team made up of a critical care nurse supervising less~trained personnel 
provide adequate lCU care? What is the role of respiratory therapists in the intensive care 

Acute Care Treatment-Where We Want To Be 
451 



unit? Do robotics have a place in the rCU? With the apparent nursing shortage in the ICU, 
we need to learn how to retain successful ICU nurses and increase their job satisfaction and 
status. 

Standards of nursing care and practice must better define which personnel and which setting 
(ICU, intermediate, or general care) will best meet the patient's needs and lead to improved 
outcomes and cost-effective treatment. 

Computerized management of data for bedside monitoring and other patient care data 
should decrease the nurses' clerical time and improve their efficacy (14). Current nursing 
standards, particularly documentation requirements, have been developed with little aware­
ness of their cost/benefit ratio and without demonstrated effectiveness in improving patient 
care. Studies in this area are urgently needed. 

Improve the Instruction in leu Technology 

Teaching the skills required to become proficient in managing critically ill patients remains 
a dilemma for those who conduct training programs. As technology advances, computer 
simulators should be developed to help the clinician gain and retain the skills needed to 
manage such patients (15). 

Monitoring Physiologic Functions 

Tissue Perfusion and Metabolism 

The inadequacy of standard physiologic monitoring for assessing tissue perfusion is becom­
ing increasingly evident. The results of many recent studies have shown that critically ill 
trauma patients have an ongoing oxygen deficit, which implies that injured and noninjured 
cells are not receiving sufficient oxygen for normal metabolism (16, 17). This state of 
chronic, subtle shock may be largely responsible for patients' failing to recover from the 
initial trauma or for their subsequently developing organ failure with its high mortality rate. 

Standard hemodynamic parameters do not appear to be sufficiently sensitive to detect tissue 
ischemia (18). Biochemical parameters, such as lactate levels, also are late markers. More 
sensitive and specific markers need to be developed, preferably noninvasive ones. Tech­
niques such as nuclear magnetic resonance (MR) spectroscopy appear promising. Methods 
to quantitate oxygen consumption and carbon dioxide production must be improved or 
developed (19). Metabolic carts are used to measure carbon dioxide production, but with 
current technology they are inaccurate when used on critically ill patients (20-23). Oxygen 
consumption is usually calculated from data obtained by invasive monitors. Tissue monitors 
are needed to measure on-line oxygen consumption and carbon dioxide production (24). 
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Hemodynamic Monitoring 

Hemodynamic monitoring must not be forgotten in the search for safer noninvasive moni­
tors. Invasive hemodynamic monitors are still the best available technology at the bedside, 
but noninvasive methods must not be ignored (25). More effort is needed to correlate 
hemodynamic monitoring with clinical events. Additionally, computer-assisted interpreta­
tion of hemodynamic monitoring needs to be available on line (26). 

Tissue Monitors 

Cellular monitors such as ISFET should also be a priority. Patients could be better managed 
during the resuscitative and perioperative period if real-time measurements of key blood 
chemistries, including blood gases and certain electrolytes, were available. An intravascular 
ISFET has been developed but not mass produced. The mass production of cellular 
monitors such as ISFET appears feasible with current technology, but further development 
and testing is necessary (27). 

Tissue monitors may enable clinicians to identify better endpoints for resuscitation, and 
bedside monitors of all types of physiologic parameters must also be investigated. Rapid, 
simple laboratory determinations at the bedside should be incorporated into advances in 
clinical care (28). 

Specific Treatment Issues 

Ventilatory Techniques 

Studies should be conducted to assess whether ventilatory techniques can make a difference 
in patient outcome. Which ventilator technique should be used for which type of pulmonary 
pathology? Are current safeguards adequate? 

Nosocomial Infections 

The epidemiology of nosocomial infections in intensive care units needs to be evaluated 
along with approaches to decreasing the risk of these infectious complications. Research 
subjects for investigation include bacterial translocation, modulation of gastric pH, catheter 
sepsis, postoperative infections, and pneumonia. 

Cardiac Support 

What is the best inotropic agent to be used for cardiac support in various types oflow-output 
states? Is cardiac support in high-output states needed? Are there better ways to manage 
and monitor cardiac function after acute injury? 
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Deep Venous Thrombosis (DIT) 

Can DVT be prevented in the intensive care unit? What is the best method of prevention? 
Can the findings of the NIH consensus report be applied to ICU patients (29)? Further 
study is needed to determine the effectiveness of nursing interventions such as passive and 
active range of motion exercises, pneumatic stockings, and elastic support hose for reducing 
the incidence ofDVT and pulmonary emboli. 

Immune Function 

How can the immune function be stimulated in critically ill patients? Is stimulation of the 
immune system good for critically ill patients? Which stimulants can be useful? 

Psychosocial Needs 

The psychosocial needs of patients and families have been largely ignored in the ICU and 
need to be investigated. The types of psychosocial support that patients and their families 
are likely to need can be classified as general support, injury-sp~cific support, and popula­
tion-specific support. 

General Support 

The immediate psychosocial support requires in-hospital support groups and services. 
Families and patients can access these groups and services for general knowledge of how to 
get through the acute phase. These groups and services can also help patients and their 
families cut through the red tape associated with unanticipated hospitalization. 

Injury-Specific Support 

Specialized psychosocial groups and services might include those specifically for patients 
with head injuries, spinal cord injuries, multiple injuries, or ocular injuries. These groups 
could help guide the patient throughout the total trauma care process. 

Population-Specific Support 

Population-specific services target population groups with similar characteristics and needs. 
Patients with psychiatric problems, patients with similar occupations, adolescent patients, 
pediatric patients, and children hospitalized because of child abuse are examples of popu­
lation-specific groups in need of unique psychosocial support. This type of support would 
be especially important in helping the patient and family interface with other agencies. 
Disaster support groups would also fall into this category. 

We also need an organized means for referring people to appropriate agencies for alcohol 
and substance abuse counseling and rehabilitation. 
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Complications/Morbidity 

Introduction 

The objective of definitive care and intensive care is not only to treat immediate life-threat­
ening processes but also to prevent these processes from producing cellular and organ 
damage that result in later multiple organ failure and infection. The improved early 
management of previously fatal injuries has led to the survival of an increasingly sicker 
patient population that suffers more severe complications. 

Despite what would be considered optimum care, complications do occur, leading to 
significant morbidity and mortality. These complications can be divided into two categories: 
those caused by the progression of critical illness after traumatic injury and those resulting 
from the therapeutic interventions themselves. 

Trauma also occurs among older patients who have chronic diseases that predispose them 
to frequent complications. This predisposition might be a factor in the higher rate of 
morbidity among older trauma patients compared with that among younger patients with 
similar injuries. 

Specific Objectives 

Minimize Infectious Complications of Monitoring Devices 

The intravascular and intracranial pressure monitors that are used to detect complications 
also can be sources of complications, particularly infectious complications due to the 
transfer of micro-organisms to patients who are being monitored. Unfortunately, the risk 
of infectious complications versus the benefits of monitoring remain undefined, and well­
defined protocols to minimize infectious complications of invasive monitors have yet to be 
developed and implemented. Even reasonably straightforward issues, such as how fre­
quently to change intravascular catheters or how to diagnose vascular catheter infection, 
have yet to be resolved. The CDC guidelines for prevention of vascular catheter infections 
have not been adopted universally because of the perception that contradictory data exist 
in the literature. With all this uncertainty in the field, research into the use of invasive 
monitoring devices should have a high priority. 

Develop Methods to Better Define Infection and the Infecting Organisms and to Distinguish 
Infection from a Noninfectious Inflammatory Response to Major Trauma 

Extensive antibiotic use is a characteristic of leU treatment, and antibiotics are often used 
to treat suspected infection. However, the symptoms of infection are difficult to distinguish 
from the inflammatory response to tissue injury. Empiric antibiotic administration often is 
used because, with our current techniques, bacterial colonization is difficult to distinguish 
from actual tissue infection, particularly in the lung. Antibiotics are not only extremely 
expensive, but can lead to many complications, such as renal failure and ototoxicity, and can 

Acute Care Treatment-Where We Want To Be 
455 

-------~---~ 



produce increasingly resistant organisms. More precise methods need to be developed for 
determining the presence of infection in lungs, in wounds, and in the peritoneal cavity. 

DevelopAgents to Modify the Inflammatory Response of Tissue to Injury and Infection 

It is becoming increasingly clear that the progression of critical illness after traumatic injury 
is due largely to the progression of an acute destructive inflammation, initiated in response 
to the tissue trauma. In essence, the body's response to the trauma or infection goes out of 
control and produces significant morbidity and mortality. The traumatic insult, as well as 
any secondary infection, results in the release of many potentially harmful products from 
tissues, particularly inflammatory cells. When some of the key early products, known as 
cytokines, are released, they activate a series of other cascades of inflammation and 
coagulation which in turn result in abnormal bleeding, immune suppression, and ongoing 
tissue damage. Modifying the inflammatory response of tissue is an extremely complex area, 
and further research is needed, especially since biochemical modifiers of the inflammatory 
process can now be developed for clinical use via genetic engineering. 

Improve Our Knowledge and Treatment of Adult Respiratory Distress Syndrome (ARDS) 
and Resulting Pulmonary Fibrosis 

Respiratory failure remains a leading cause of death among ICU patients. The cause and 
treatment of progressive lung failure, leading eventually to lung fibrosis, are poorly under­
stood. Methods of modulating the fibrotic response to injury need to be developed, as do 
specific inhibitors of the inflammatory mediators initiating and perpetuating the process. 

Improve Our Ability to Define and Correct the Immune Depression Seen Among Critically nl 
Patients 

The trauma patient is at high risk for infection due to (a) open and often contaminated 
wounds, (b) management techniques that require invasion of the norma] local immune 
defenses, and (c) a profound trauma-induced immunosuppressive state. The immunosup­
pression is largely due to immunosuppressive factors produced in response to the traumatic 
injury. Inhibitors of the immunosuppressive factors and augmenters of both systemic and 
local host defenses need to be developed. No agents have been demonstrated clinically to 
block the immune dysfunction, although there are several promising agents, particularly 
severallymphokines and prostanoid inhibitors. These agents need to be studied clinically 
as soon as possible. 

Improve Our Knowledge of Impaired Healing Capability Among Critically fll Patients and 
Improve Our Ability to Modulate this Process 

The body's impaired healing capability is a result of systemic organ failure, infection, or 
simply a slowing of the wound healing process, which is a common problem among severely 
traumatized patients. Current technology allows us to manufacture the human growth 
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factors necessary to increase the rate of healing. However, before these agents can be used, 
we must better define the me~hanism of wound healing, the interaction of the multiple 
growth factors, and the appropriate growth factors to be administered. 

Pediatric Trauma 

Introduction 

Injury continues to be the leading cause of death for children between the ages of 1 and 14. 
(Though opinion varies about the definition of a "child," the focus of this section is on 
children less than 14 years of age, with a mean age of 7 years.) Efforts to improve outcome 
from injury are focused on early treatment by effective resuscitation and definitive care. 
The magnitude of the annual cost for such care, approximately $14 billion, suggests the need 
for new approaches to control injuries among children (30). Childhood injury control 
depends upon society's commitment to the continuum of care, encompassing prevention, 
acute care, and rehabilitation. When prevention fails, children sustain injuries most com­
monly from motor vehicle crashes, burns, submersions, falls, ingestion of poisonous sub­
stances, choking, and violence. These types of injuries result in variable physiologic 
derangements, including hypoxia, hypovolemic shock, immunologic dysfunction, and mal­
nutrition (31, 32). 

Specific Objectives 

Improve the Outcome Assessment of Treatment Methods 

Quantitative methods to evaluate patient outcomes from injury are available (33-35). 
However, if these methods are to yield clinically meaningful findings, then the methods must 
be applied to specific injury patterns, and they must be used to document improvements in 
quality of care. Also important are objective comparisons between the outcomes of child 
and adult trauma patients; the TRISS model does provide a consistent method for useful 
comparison (33). Unfortunately, objective measures of disability from childhood injury are 
especially deficient; data that correlate acute injury, care, and disability are scarce. 

Evaluate Specific Treatment Methods for Children with Head Injuries 

Brain injury during childhood is a leading cause of death and disability (32). Analyses of the 
effectiveness of prehospital intubation, of intracranial blood evacuation, of current treat­
ments for intracranial pressure management, and of the mediator response to injury are 
essential. Severe traumatic brain injury (TBI) results in compelling disability; nevertheless, 
to determine the likely outcomes of mild TBI in the developing brain, we must establish 
objective parameters. Current treatment focuses on protecting the brain from further 
(secondary) insults, which may have an age-dependent impact upon outcome. Methods of 
describing brain injury must be improved, since the Glasgow coma score does not account 
for physiologic derangement and associated injury. Consequently, children may be found 
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to have the same outcome as adults once a valid comparison of similar injury patterns to the 
brain is possible. The accuracy ofthe Injury Severity Score (ISS) could be similarly improved 
by a more specific definition of the injuries of the central nervous system. 

Analyze the Acute Organ System Response to Injury 

The treatment of children's injuries has historically been based on methods proven effective 
for adult patients. Child-specific analysis is required if we are to understand their unique 
humoral and cellular responses to injury. By focusing on the pediatric neuroendocrine, 
metabolic, immunologic, and inflammatory responses, we will be able to establish age-spe­
cific data. Multisystem organ failure is uncommon among injured children, which suggests 
that their injury response is intrinsically different from that of adults (32). 

Analyze the Therapeutic Needs of Children with Bums 

To better treat children with burn injuries, we need to analyze the following: their metabolic 
and cellular response, the relative advantages of tissue culture epidermis versus autologous 
skin graft, their nutritional support needs, and their infection potential. Also essential are 
analyses of rehabilitation and family needs. 

Assess the Methods Used to Treat Torso Injury 

Chest trauma results in a high mortality rate among children. To prevent deaths, we need 
to evaluate the treatment given children with pulmonary contusion, lung laceration, and 
ARDS (31, 36). The role of extra corporeal membrane oxygenation (BCMO) among infants 
has been demonstrated, but we need to investigate its efficacy in treating pediatric patients 
with lung injuries. We also need to analyze the relative advantages of operative versus 
nonoperative management of spleen and liver injuries (37, 38). The use of blood products 
with each approach should be assessed to determine the transmission frequency of hepatitis 
and ofHIV. 

Analyze the Significance of Musculoskeletal Injury Among Children 

Most children's fractures heal satisfactorily with closed reduction and cast immobilization. 
The role of surgical stabilization (with either internal or external fixation) needs better 
definition, especially for the treatment of children with severe injuries, children with head 
and other combined injuries, and children nearing skeletal maturity. The management of 
the injured immature spine, with its increased risk of late deformity, also deserves study, as 
does the prevention and correction of growth abnormalities that result from some fractures. 

Analyze the Management of Maxillofacial Injury Among Children 

Maxillofacial injury to the developing bone of the child is a common injury that can result 
in severe deformity and abnormal function. We need to determine the best timing for 
surgery, facial reconstruction, and the application of internal fixation. 
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Develop Methods to Prevent Amblyopia Among Children with Ocular Injuries 

Ocular trauma that occurs during the first 6 years of life frequently is associated with 
permanent amblyopia due to visual deprivation experienced by children with their still-de­
veloping visual system. Evaluation of a child's ocular injuries is difficult, and particular care 
is required to avoid further damage to the eye during its examination. Improved methods 
of evaluating and treating ocular trauma among children are needed. 

Improve the Home Care of Injured Children with Chronic Disabilities 

Acute treatment of children continues once disability occurs. We must improve the man­
agement of chronic problems such as speech impairment, swallowing dysfunction, malnu­
trition, urinary tract infection, bowel dysfunction, immobility, depression, and family 
dysfunction. 

Analyze the Impact of Injury on Psychosocial Family Needs 

Injuries to children disrupt the entire family. We need to determine the effect of family 
support on the rehabilitation of injured children as well as the impact of the injury on the 
integrity and functioning of the family unit. 

Neurotrauma 

Introduction 

Every 15 seconds, someone suffers a head injury in the United States. Every 5 minutes, one 
of those people dies and another becomes permanently disabled. Each year, head injuries 
claim the lives of 75,000 Americans. Of those who survive, 70,000-90,000 suffer life-long 
disability, 5,000 develop epilepsy, and 2,000 remain in a vegetative state. Primarily a 
disability of the young, traumatic brain injury takes a tremendous toll on our society. The 
economic costs alone approach $25 billion annually, but paradoxically, research into the 
control and treatment of brain injury receives less than one penny of every federal donar 
spent on medical research (39). 

The importance of neurological injury in determining the morta lity and morbidity associated 
with trauma is well recognized by professionals in the field. However, as with trauma in 
general, the extent and impact of neurotrauma is grossly underestimated by other profes­
sionals and by the public. 

In the last two decades, certain important developments have occurred in the treatment of 
neurotrauma. Most clinicians who treat patients with neurotrauma recognize that intensive 
care protocols (which include early intubation, early evacuation of mass lesions, and 
intracranial pressure monitoring) can improve patient outcomes. The morphological basis 
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of head injury at the cellular level is beginning to be better understood, as is the role of 
secondary insults in compounding the damage sustained at the moment of impact. Much 
of the current research is aimed at limiting the deleterious effect of these secondary 
processes. 

With spinal cord injury, considerable excitement has been generated by the second phase 
of the National Acute Spinal Cord Injury Study (NASCIS II), which demonstrated that 
high-dose steroids used early after spinal cord injury result in significant improvement in 
outcome. Although steroids are certainly not a magical cure for spinal injury, the study is 
important in that it has stimulated the initiation of similar studies. 

Peripheral nerve injuries remain a neglected area in neurotrauma. While surgical tech­
niques and intraoperative neurophysiological monitoring are being developed, basic scien­
tific studies of neurotrauma have been limited. 

The greatest progress will occur when teams of basic scientists work in collaboration with 
experienced clinicians dedicated to clinical research in head injury. This concept has been 
supported in theory by the National Institutes of Health, in the form of program projects. 
However, only three program projects devoted to head injury research are currently funded 
in the entire Nation. We believe that the program project concept is sound and that it 
generally helps attract high-quality basic scientists into what is otherwise considered a 
"clinical" field. The problem of head injury was considered to be so important that in 
February 1989, the Interagency Head Injury Task Force which had been assembled in 
response to a Congressional request, advocated a national strategy for dealing with trau­
matic brain injury. The task force recommended a broad approach to head injury that 
transcends the issues of acute care treatment. The task force emphasized the need to 
elucidate the biomechanics of brain injury, improve public health surveillance of this 
condition, develop and implement prevention programs, and enlarge the capacity of 
postacute clinical care and rehabilitation facilities. Here, we identify areas of acute care of 
neurotrauma that are most likely to be productive in the next decade; the remainder of this 
section is divided into three segments, dealing with head, spinal, and peripheral nerve 
injuries. 

Specific Objectives - Head Injury 

Facilitate Drug Trials 

After two decades of primarily epidemiological and descriptive studies, the field of head 
injury has entered an exciting phase in which the results oflaboratory studies have been used 
to identify several potentially useful drugs for clinical testing. These include free-radical 
scavengers, steroid analogs, calcium channel-blockers, and various receptor agonists and 
antagonists. Since most drugs work better when given soon after the injury, we need to 
develop and support a national consensus on deferred consent for the treatment of such 
devastating conditions as severe head injury. To facilitate rapid testing of new drugs, we 
need to develop a network of centers that treat a high volume of patients with head injuries 
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and that have investigators dedicated to neurotrauma research. Since at least 3-5 years are 
needed for the initiation and completion of a multicenter phase III drug study, the simulta­
neous testing of different agents by different groups should be encouraged so as to rapidly 
bring various therapies into clinical use. Given the multiple pathogenic mechanisms in­
volved in head injury, no single drug is likely to be the panacea for this condition, and the 
treatment of patients with head injuries will require a combination of several agents, each 
directed at a different pathological process. 

Improve Methods of Reducing Brain Swelling 

The pathophysiology of brain swelling is beginning to be better understood, but its 
biomechanics and causation are not. We now recognize that all brain swelling is not 
secondary to edema and that cerebral hyperemia is a substantial cause of the problem in 
many patients. The improved treatment of brain swelling depends on a better under­
standing of the mechanisms involved and on the development of drugs and interventions 
specifically aimed at these etiologies. The agents now available for treating brain swelling 
are very limited and not fully successful. Developing better agents that reduce brain swelling 
and intracranial pressure should be a high priority during the next decade. 

Study the Effects of Cerebrovascular Abnormalities 

There is increasing recognition that cerebrovascular abnormalities are a major contributor 
to the pathophysiology of traumatic brain injury. Researchers and clinicians have long 
recognized that the regulation of cerebral blood vessels is paralyzed among patients with 
head injuries. This can result in malignant brain swelling, increased intracranial pressure, 
reduced perfusion, and consequent ischemic brain damage. There also is evidence that head 
injury results in abnormalities of the blood brain barrier, with increased brain edema. The 
effect of vasospasm among patients with head injuries has also been recognized in recent 
years. We need to conduct studies aimed at clarifying these problems and to institute 
therapies intended to correct them. The development of measures of vascular reactivity 
also should be encouraged. However, the more immediate emphasis should be on studies 
of ways to tailor therapies for patients with head injuries on the basis of blood flow 
abnormalities present in a given patient. 

Improve Intracranial Pressure (ICP) Monitoring Techniques 

During the last decade, the use of intracranial pressure (Iep) monitoring in the management 
of severe head injury has become widely accepted. Most major head injury centers now use 
the technology routinely. Issues that need to be further defined include the criteria used to 
select patients for monitoring; the development of better monitoring techniques (including 
noninvasive methods) need to be developed, as do waveform analyses with which to 
determine the state of intracranial pressure compensation. 
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Conduct Metabolic Studies 

Although researchers and clinicians have long recognized the existence of significant 
abnormalities in brain metabolism following CNS trauma, the technology available for 
effective study of this problem has been limited. In recent years, techniques such as positron 
emission tomography (PET) scanning, single photon emission computed tomography 
(SPECT) scanning, magnetic resonance spectroscopy, and various biochemical assays for 
cerebral metabolites have become available. These techniques are unlikely to be widely 
used because of their cost and the level of technical sophistication required. However, they 
could be valuable tools in physiological interventions and could provide the basis for larger 
clinical studies. 

Study the Effects of Brain Nutrition 

High glucose levels can have a deleterious effect on the recovery of patients with brain 
injuries. The roles of normal glucose protocols and alternative nutritional substrates such 
as amino acids and free fatty acids need to be further examined. 

Study Methods of Detecting MorphologicalAbnormalities 

Computed tomography (CT) scanning remains the basic means of evaluating patients with 
head injuries. Although magnetic resonance imaging (MRI) has been used in later stages 
of assessment and has been shown to be very sensitive in detecting morphological abnor­
malities in the brain, its application has not been fully exploited. With further refinements, 
MRI probably can provide greater insight into cerebral blood flow and metabolism. Fur­
thermore, MR angiography will be a useful screening method for vasospasm, carotid 
dissections, and other vascular abnormalities that can worsen the outcome of patients with 
head injuries. 

Determine the Best Methods of Managing Contusions 

The management of cerebral contusions remains problematic despite their high frequency. 
Patients with contusions clearly demonstrate both morphological and clinical deterioration 
for several days following the initial injury. Interventions that can limit or reverse this 
progression as well as prevent delayed traumatic intracerebral hemorrhages would benefit 
many patients. 

Develop Treatments for Cranial Nerve Injuries 

Several types of cranial nerve injury may occur among patients with head injuries. These 
include optic nerve contusions, third, fourth, and sixth nerve palsies, facial palsies, and eighth 
nerve or inner ear injuries resulting in dizziness. Therapies aimed at treating these problems 
need to be developed. 

Acute Care Treatment-Where We Want To Be 
462 



---------------------------------------------------------------- ----

Determine the Effects of Central Nervous System Stimulants 

Although a few reports indicate that certain stimulant drugs (such as methylphenidate and 
amphetamines) can stimulate recovery from coma or augment certain cognitive functions 
such as memory, the medications have not been subjected to rigorous testing. Research is 
necessary for determining treatments that will prevent long-term sequelae of brain dysfunc­
tion, especially when the treatments are given during the acute management phase of health 
care. 

Study General Management Issues 

Numerous general patient management issues relating to head injury have never been 
subjected to rigorous scientific examination. Some of these - such as guidelines for 
admitting patients with minor head injury to the hospital - are not so much scientific 
questions as economic or legal ones. Similar issues include defining brain death and 
determining the effects of alcohol and drugs on the neurologic examination. Other, more 
scientific issues include the basis for immunologic suppression among patients with head 
injuries who require long-term care, coagulopathies resulting from or associated with head 
trauma, the effect of head position on intracranial pressure, and fluid and electrolyte 
management of patients with head injuries. Other supportive therapies, such as kinetic 
therapy (use of an automatic turning bed that ensures frequent change of patient position), 
also need to be studied further. 

Increase the Level of Basic Research 

Basic research in neurotrauma needs to be emphasized. Only from the further under­
standing of basic pathogenic mechanisms can new therapies become available. The pa­
thologic conditions seen in humans must be produced in more realistic animate models by 
more realistic mechanical methods than are currently available. Basic and clinical scientists 
must ~ommunicate and interact with each other, which would be possible in a program 
project format. 

Specific Objectives - Spinal Cord Injury 

Conduct Drng Trials 

The recent NASCIS II results demonstrated that high doses of methylprednisolone given 
within the first 8 hours after spinal cord injury result in a significant improvement in 
neurological function. Although these results created a great deal of excitement in the lay 
press and among professionals in the field, the effect of this drug was actually relatively small. 
While not discounting its value, we must stress that the NASCIS study was just a beginning 
to the process of finding an effective treatment for spinal cord injury. Although spinal cords 
that have been completely severed are probably nonsalvageable, most cord injuries are 
contusions that worsen during the first several hours after the injury. Patients with such 
contusions are most likely to benefit from drug therapies. The establishment of collabora­
tive centers where newly available drugs can be tested deserves a high priority. 
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Study Spine Stabilization Techniques 

Because the indications for surgical spine stabilization remain controversial, the relative 
advantages of spinal fusion versus external immobilization with devices such as the halo 
must be studied. Furthermore, the risks and benefits of the various spinal fusion systems 
need to be ascertained. 

Study Methods of Ventilatory Support Among Patients with Spinal Cord Injuries 

This is a major issue, especially with high quadriplegics. With better prehospital care now 
available in most major communities, the high cervical quadriplegic patient is more likely 
to survive the initial injury and make it into a hospital. Since such a person seldom recovers 
spontaneous respiratory function, life-long ventilatory support usually is required. Cur­
rently available alternatives to life-long ventilatory dependence, such as diaphragmatic 
pacing, are expensive, unreliable, and applicable only to a fraction of such patients. Im­
proved methods of ventilatory support for such patients would be a valuable advance. 

Study Intrathecal Therapies 

The use of effective intrathecal agents to reduce spasticity among patients with spinal cord 
injury who have failed all other therapies has been an exciting development and should be 
pursued. 

Study Therapies for Syringomyelia 

Posttraumatic syringomyelia is a relatively common sequela of spinal cord injury. The 
pathophysiology of this condition is poorly understood, and there is lack of consensus on its 
optimal treatment. Newer surgical and medical therapies for this problem need to be 
considered. 

Specific Objectives - Peripheral Nerve Injuries 

Develop Guidelines for the Indications and Timing of Surgery 

The treatment of peripheral nerve injuries has remained an area of considerable contro­
versy. Because such injuries are relatively uncommon among civilians, they have received 
much less attention than head and spinal cord injuries. Further studies are needed to more 
clearly define if and when surgery is needed and what type of surgery is needed. 

Develop and Test Drug Therapies 

We need to develop nerve growth factors that stimulate nerve regeneration and repair. 
Once such factors become available, their testing should be encouraged. 
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Provide More Patients with Better Means of Intraoperative Stimulation 

Very few centers are set up to perform intraoperative stimulation of nerves as an adjunct 
to peripheral nerve surgery. More centers of this type are needed. 

Burn Injury 

Introduction 

About two million burn injuries occur in the United States each year. Over 100,000 are 
severe enough to require hospitalization and about 7,500 deaths each year can be directly 
attributed to burn- and fire-related causes (40). 

Burn injury is a complex and devastating body insult, and treating patients with burn injuries 
consumes immense medical and financial resources. Mortality and morbidity rates are high 
for patients with massive burns and for those with burns combined with smoke inhalation 
injury, especially among the pediatric and geriatric patient populations. Morbidity rates, 
however, are high even for those with small burns, with many of these patients suffering 
temporary disability, as well as long-term dysfunction caused by scarring. 

With current treatment approaches, huge resources are required to minimize mortality and 
improve the function of patients with burn injuries. These approaches focus on aggressively 
supporting the body functions of the patient while rapidly removing the burned tissue. The 
burned person's response to the skin or lung burn (Le., inflammation) appears to be largely 
responsible for early cardiorespiratory problems, sepsis and organ failure, and later scar 
formation and musculoskeletal dysfunction. The entire body reacts intensely to the local 
skin burn. In the near future, we expect marked improvements in treatment in several key 
areas. We anticipate the availability of treatments that will substantially modify the body's 
reaction to the burn and improve the function of the skin replacing the burned skin. 

Specific Objectives 

Improve Our Knowledge of the Pathophysiology, Diagnosis, and Treatment of Lung Injury 
from Smoke Inhalation 

Respiratory failure is now the leading cause of death among burn patientli. Shortcomings 
in our understanding of the pathophysiology oflung injury among burn patients impede the 
development of early interventions that would prevent progression of the disease process. 
Current treatment is purely supportive. The need for and timing of positive pressure 
ventilation and methods to diminish the degree of lung inflammation merit further study. 
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Improve the Initial Fluid Resuscitation to Minimize Tissue Damage at the Local Bum 
Wound and the Distant, Nonbumed Organs 

Because our current monitors for resuscitation end points are not sensitive enough, impair­
ment in the perfusion of nonburned organs can occur, despite fluid resuscitation that is 
adequate on the basis of information from available hemodynamic monitors. Since the early 
insult sets the stage for later organ failure and increases the depth of the initial burn injury, 
information on early care is essential if we are to prevent major complications. 

Define the Role of Inflammatory Mediators in the Bum Tissue and in Distant Organs 

It is becoming increasingly clear that the body's generalized inflammatory response to the 
skin burn increases the degree of injury. Modulators and blockers of inflammation are now 
becoming available for clinical use. We need basic information on the specific mediators 
involved and their time course, so that we can select the appropriate treatment agents and 
begin the necessary clinical trials. 

Define the Immunologic Abnormalities That Make the Bum Patient Prone to Infection 

The underlying mechanism of immune depression among burn patients is extremely com­
plex, and continued research is needed to define it. Research in this area is particularly 
relevant since agents to correct or at least improve deficiencies in immune response can now 
be developed for clinical use. 

Provide Better Pain Control to the Bum Patient 

Uncontrolled pain is a major unsolved clinical problem. To solve it, we need a reliable tool 
for quantifying pain and more clinical research into pain control. At present, clinical 
assessment is subjective, and the most common method of pain management, the admini­
stration of narcotics, results in significant morbidity due to suppression of respiratory drive. 

Define the Mechanism of Hypermetabolism Among Bum Patients and the Appropriate 
Nutritional Support Regimens 

The pathophysiologic mechanism of the inflammation-induced hypermetabolic state needs 
to be defined more precisely, since this process leads to rapid weight loss and high risk of 
infection. Appropriate nutritional support depends on our improved knowledge of nutrient 
requirements and utilization. We need to define the role that agents such as growth 
hormone and glutamine play in the nutritional support of burn patients. 

Define the Mechanism of Wound Healing, Including Scar Formation and its Modification 

Much of the management of burn wounds focuses on initial healing, followed by the control 
of scarring with compression dressing and reconstruction. Wound-healing factors to in­
crease the healing rate are now available, but the specific indications and the optimal 
method of delivery to the wound have ye.t to be determined. In addition, scarring is the 
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major cosmetic defect and the cause of the most serious functional defects after healing. A 
nonsurgical approach to scar control will only be developed through extensive basic re~ 
search. 

Develop Better Skin Substitutes 

Wound closure with temporary skin covers has been a major advance, but further improve­
ments are necessary. The use of permanent skin substitutes remains limited because of 
problems in skin quality, quality control, and production. 

Musculoskeletal Injuries 

Introduction 

Musculoskeletal injuries are very common. Although most are minor, recovery may be 
prolonged, and many such injuries result in permanent disability. Rarely fatal by themselves, 
fractures and dislocations increase the mortality rate of patients with multiple injuries and 
contribute enormous costs (estimated to be more than $30 billion per year). As much as 
43% of the total direct cost of care delivered in trauma centers is incurred by patients whose 
principal injury involves an extremity ( 41). The outcome of skeletal injuries may not be clear 
for some time, since recovery often requires a year or more; posttraumatic arthritis, a 
frequent sequela of severe joint injuries, may take years to appear. The lengthy delay before 
results are established makes evaluating the efficacy of acute care for musculoskeletal 
injuries difficult, though results from recent studies have shown that immediate surgical 
fracture fixation decreases overall morbidity and mortality and results in remarkable 
functional recovery. 

Specific Objectives 

Improve the Diagnostic Classification System for Fractures 

The multiplicity of skeletal injuries and the severity span represented by a single Interna­
tional Classification of Diseases, Ninth Revision (ICD9) diagnosis interfere with communi~ 
cation and comprehension. A fracture of the tibia may be so trivial that it only briefly 
interrupts work or school, or it may be so severe that amputation is the best treatment (42). 
The lack of a standard severity scale for most musculoskeletal injuries, particularly one that 
incorporates the severity of associated soft tissue damage, impedes research into those 
injuries. 

Improve Outcome Scales for Functional and Anatomic Results of Skeletal Injury 

Most studies of musculoskeletal injuries have focused on a few aspects: fracture union, 
radiographic appearance, or avoidance of certain well-defined complications. Compara­
tively little attention has been paid to the patient's pain, economic loss, sense of well-being, 
quality of life, ability to return to prior activity, and overa11 satisfaction with treatment ( 43). 

Acute Care Treatment-Where We Want To Be 
467 



Define the Outcome for Specific Skeletal Injuries 

Although several accepted treatments exist for most skeletal injuries, ranging from nonop­
erative techniques to open reduction and internal fixation, we need to study alternative 
protocols for managing significant injuries. We need to define comprehensive management 
strategies for patients with multiple injuries, and we need to conduct fundamental research 
into the interrelationships between skeletal injuries and injuries of other systems (44, 45). 

Define Optimal Management of Spinal Fractures 

Fractures and dislocations of the spine create major disability, due not only to spinal cord 
injury, but also to instability, pain, and deformity. The need for centralized treatment, the 
optimal timing for spine stabilization, and the relative indications for most surgical tech­
niques remain to be established. 

Determine Optimal Management of Pelvic Ring Fractures 

Pelvic fractures are life-threatening and pose long-term disability risks. To better treat 
patients with pelvic fractures, we need to conduct multicenter prospective studies of the 
optimal '11ethod of controlling acute bleeding and stabilizing the patient. The relative 
advantages of centralized versus decentralized care for acetabular and other relatively rare 
and complex fractures should also be studied. 

Define the Process of Joint Healing to Discover Ways to Reduce Posttraumatic Arthritis 

Patients with major joint injuries risk disability because of changes in joint structure and 
function. Studies of pathophysiology and treatment are essential. Outcome studies must 
continue for many years, since posttraumatic arthritis often develops slowly. 

Improve the Treatment of Peripheral Nerve and Muscle-Tendon Injuries 

Injuries of peripheral nerves and muscle-tendon units may be significantly and permanently 
disabling. Wound-healing modulation, advances in nerve repair biology, and alternative 
techniques to restore function deserve prospective comparative trials, as well as further 
basic science studies. 

Develop Methods to Prevent Atrophy of Unused Muscles and 
Fibrosis of Joints During Immobilization 

Atrophy and fibrosis are common, disabling complications. Drug therapies to prevent and 
treat such "fracture diseases" are needed. 

Clarify the Potential Role of Growth Factors and Other Inflammatory Mediators in Fracture 
Healing 

Encouraging prospects exist for the use of biologic mediators to reduce inflammatory 
responses and for the use of growth factors to stimulate the healing of musculoskeletal 
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tissues. Most fractures heal uneventfully, but each year thousands of patients with fractures 
develop disabling nonunions. Basic fracture-healing mechanisms and the means for stimu­
lating bone union (growth factors and electrical or mechanical stimulation) need further 
study. We also need well-designed clinical studies of the efficacy and indications for 
particular treatments. 

Improved Bone Grafting Techniques 

Autogenous bone grafts are commonly used to replace lost bone or to stimulate healing. 
Cadaver allografts are a less satisfactory alternative. Further studies are needed in the 
following areas: the indications and timing of bone grafting, biological and nonbiological 
substitutes for autogenous bone grafts, the use of autologous bone marrow, and the role of 
growth factors. 

Define the Role of Traction Osteogenesis 

Traction osteogenesis (the Ilizarov technique) results in :new bone and is clinically effective 
in correcting bone defects and deformity (46). This phenomenon needs further basic and 
clinical study. 

Develop and Improve Methods for Preventing and Treating Osteoporosis 

Osteoporosis, common in older women, predisposes them to fractures that are often difficult 
to treat. The prevention or reversal of osteoporosis would eliminate thousands of fractures 
each year. The optimal management of osteoporotic hip fractures must be defined, since 
they account for more than 50% of the days that patients spend in the hospital with any kind 
of fracture, and the frequency of such hip fractures continues to increase. 

Ocular Trauma 

Introduction 

Each year, ocular injuries in the United States cause at least 500,000 years of lost eyesight, 
and people less than 30 years of age are at the highest risk of eye injury (United States Eye 
Injury Registry, unpublished data, 1991). An estimated 2.4 million Americans sustain eye 
injuries annually, and nearly 1 million Americans currently have permanent visual loss as a 
result of ocular trauma (47). Eye injury is the leading cause of monocular blindness in the 
United States and is second only to cataracts as the most common cause of visual impairment 
(48). 

Penetrating ocular injuries and globe ruptures secondary to blunt trauma remain the most 
severe types of conditions to manage because of the gravity of the intraocular damage. 
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Although operative techniques have improved, in many cases such severely damaged eyes 
cannot be saved. Research is needed to further improve the functional outcome of severely 
traumatized eyes. 

Eyes with chemical or thermal burns require proper and immediate care to prevent serious 
permanent damage. Emergency department personnel must recognize the severity of the 
eye injury and be able to render the care necessary to reduce the permanent sequelae. If 
possible, they should provide emergency eye care in conjunction with an ophthalmologist. 

Specific Objectives 

Improve the Triage of Multiply Injured Patients with Eye Injuries 

The trauma team is, of course, most concerned with stabilization and definitive treatment 
of life-threatening injuries. However, delays or inappropriate care of ocular trauma can 
lead to intraocular tissue extrusion, tissue traction, infection, iatrogenic injury, or other 
complications that can cause permanent visual disability. Timely integration of the ophthal­
mologist into the trauma team and the education of nonophthalmic personnel will improve 
eye injury triage of the multiply-injured patient. 

Develop an Ocular Trauma Scoring System 

An ocular trauma scoring system is needed for rapid clinical assessment and characterization 
of the severity and prognosis of ocular injuries. Such a system also would facilitate studies 
of the efficacy and optimal timing of medical and surgical interventions used in the treatment 
of ocular trauma. 

Determine the Optimal Timing and Techniques for Ocular Reconstruction 

By using IIclosed globell techniques, ophthalmologists can begin reconstructing injured 
intraocular tissue at any time after closing the primary wound. For some intraocular injuries, 
the extent to which reconstructive surgery should be performed at the time of initial wound 
closure remains undefined. Research also is needed to define the optimal timing and 
technique of secondary IIclosed globell interventions. 

Determine the Optimal Use of Early Vitrectomy 

The use of vitrectomy as an early intervention in severe ocular trauma has shown great 
promise in repairing retinal damage (49). Additional study of early vitrectomy is needed to 
determine the most appropriate timing for the use of vitrectomy as an intervention. 

Evaluate the Role of the Temporary Keratoprosthesis in Reconstructing Combined 
Anterior-Posterior Segment Eye Injury 

Temporary keratoprosthesis (TKP) is a device that may be used to provide temporary 
surgical visualization of the posterior segment of the injured eye, supplementing indirect 
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diagnostic testing and external examination. The use of TKP takes on great therapeutic 
importance when coupled with recently developed techniques to reattach the retina even 
after severe damage to the anterior segment of the eye. Underutilization of TKP in the 
management of these injuries may lead to irreversible scarring or to otherwise avoidable 
enucleation (Witherspoon CD, Morris R, Phillips RL. Temporary keratoprosthesis vitrec­
tomy in severe ocular trauma. Presentation at American Academy of Ophthalmology 
Annual Meeting, Las Vegas, Nevada, 1988). Studies are needed to define the criteria for 
referring patients with combined anterior-posterior segment eye injuries to specialized 
centers that have the capability to use TKP. 

Develop Methods to Prevent Postsurgical Scarring (Proliferative Vitreoretinopathy) 

The formation of proliferative scar tissue (proliferative vitreoretinopathy) is a major post­
surgical complication that can lead to traction retinal detachment. Pharmacologic and 
surgical techniques are needed to control or reduce this destructive cellular proliferation 
within the eye. 

Improve Anterior Segment Reconstruction 

Ocular injuries often are confined to the anterior segment of the eye. Improved methods 
of reconstructing the anterior segment by using alternative wound closure techniques should 
be developed, particularly for injuries involving pseudophakic or previous kerato-refractive 
surgery. 
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How We Get There 

General Recommendations 
• Develop a broader constituency for injury control and seek to develop public support 

for the effort. 

• Promote a "think tank" type of study by professionals from diverse disciplines to evaluate 
reasons why injury control has not developed wider public support and suggest ways in 
which this support can be generated. 

• Increase the awareness of groups that are disproportionately affected by trauma, such 
as the pediatric and geriatric populations. 

• Implement trauma systems in all states so that known therapeutic interventions can be 
applied effectively to the whole population. 

• Develop broadly based studies of the impact of trauma care systems in reducing the 
impact of injury, and document the cost-effectiveness of trauma care systems. 

• Devote increased educational time to the problems of injury in training programs for all 
types of health-care professionals. 

• Attempt to develop peer group pressures related to avoiding high-risk behaviors. 

• Prioritize the research objectives outlined in this document on the basis of the number 
of people affected, the mortality and morbidity caused, and the likelihood of success in 
reducing or avoiding mortality and morbidity. 

• Develop more target-oriented research objectives in order to apply the limited funding 
in the most effective way. 

• Standardize the training of prehospital personnel in all states so that they learn the best 
known techniques of resuscitation and treatment. 

• Accelerate basic science investigations into the inflammatory, immunologic, metabolic, 
and hemodynamic responses to traumatic injury. 

• Identify improved methods of injury severity scoring and clinical outcome prediction, 
including methods that are applicable to pediatric trauma care, neurotrauma care, burn 
care, orthopedic care, and ocular trauma care. 

• Test and implement techniques for diagnosis and monitoring that provide real-time 
assessment of tissue perfusion and oxygenation. 

• Conduct studies to further define the role of resuscitative measures in the prehospital 
phase of acute care. 

• Formulate more precise and objective trauma treatment guidelines for use in the 
emergency department phase of care, including guidelines for early intubation and 
ventilation of patients. 
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• Conduct clinical trials of pharmacologic agents used to treat acute sequelae of traumatic 
injury, including agents to block deleterious inflammatory mediators. 

• Evaluate new and emerging treatment modalities, such as initiating nutritional support 
of patients within 48 hours of their traumatic injuries. 

• Establish alternative methods of providing intensive care services to trauma patients, 
such as regionalizing special care units in selected hospitals. 

• Further study and develop interventions that address the psychosocial impact of trau­
matic injury on patients and their families. 

Specific Recommendations 

Prehospital Care/Emergency Department Care 

• Conduct studies to identify improved methods of monitoring trauma patients' respira­
tory function and other physiologic parameters during the prehospital phase. 

• Further evaluate the tradeoffs between potential improvements in patient outcome as 
a result of prehospital interventions (such as volume infusion by conventional means) 
versus the time required for these interventions to be implemented prior to the patient's 
arrival at the hospital. 

• Develop safer amI more effective methods of stabilizing trauma patients' vital functions, 
including improved methods of establishing or maintaining an airway for patients with 
unstable ceIVical spine fractures. 

• Identify improved techniques for monitoring trauma patients in the emergency depart­
ment, focusing on tissue perfusion and oxygenation of the brain and other vital organs. 

• Formulate more precise and objective trauma treatment guidelines, such as guidelines 
for early intubation and ventilation of patients in the emergency department. 

• Conduct studies to determine the optimal fluid( s) and delivery system ( s) for initial 
trauma care resuscitation. 

Definitive Care 

• Develop methods for quantifying postinjury blood loss that provide more timely and 
accurate data than conventional clinical tools such as blood pressure measurement. 

• Evaluate new and emerging treatment modalities, such as minimizing preoperative fluid 
resuscitation among selected trauma patients, initiating nutritional support of patients 
within 48 hours of their injuries, and using newer thrombolytic agents for posttraumatic 
respiratory failure. 
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• Identify improved methods and pharmacologic agents to control bleeding following 
traumatic injuries~ including hemorrhage that results from liver or spleen injuries or 
pelvic fractures. 

• Conduct basic and applied research of physiologic derangements, such as hypothermia, 
that complicate definitive care. 

Intensive Care 

• Investigate objective methods to identify which trauma patients need intensive care and 
to predict outcomes of intensive care. 

• Establish alternative methods of providing intensive care services for trauma patients, 
such as intermediate care units and regionalized special care units in selected hospitals. 

• Develop improved invasive and noninvasive monitoring devices to track physiological 
parameters affected by traumatic injury~ including metabolic function at the cellular 
level. 

• Conduct research and develop programs that address the psychosocial needs of trauma 
patients in intensive care units and their families. 

Complications/Morbidity 

• Identify more sensitive and specific markers of alterations in cellular metabolic function 
that precede posttraumatic organ failure. 

• Further clarify the risks and benefits of the invasive monitoring of critically ill trauma 
patients. 

• Study the mechanism, means of detection, and modification of adverse inflammatory 
responses and immunosuppression that follow traumatic injury. 

Pediatric Trauma Care 

• Analyze childhood-specific neuroendocrine~ metabolic, immunologic~ and inflammatory 
responses to injury. 

• Conduct research to determine the optimal methods of treating children who have 
sustained major traumatic injuries;; including brain injury, burns, chest and abdominal 
organ injuries, long bone fractures, and eye injuries. 

• Study the psychosocial impact of traumatic injury on pediatric patients and their families, 
and identify interventions that ease the burden of chronic disabilities. 

Neurotrauma 

• Emphasize basic research in neurotrauma, such as studies to clarify the role of altered 
cerebral blood flow and metabolism in patients with brain injuries. 

• Develop better diagnostic and monitoring techniques, including noninvasive methods, 
for use in neurotrauma care. 
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• Conduct multicenter clinical trials of pharmacologic agents used to treat the acute 
sequelae of head and spinal cord trauma. 

• Identify optimal therapeutic approaches to neurotraumatic injuries for which manage­
ment remains controversial or unclear, including cerebral contusions, unstable cervical 
spine fractures, and peripheral nerve injuries. 

Burn Injury 

• Continue to investigate the respiratory, hemodynamic, metabolic, inflammatory, and 
immunologic response to smoke inhalation and burn injury. 

• Develop improved methods for monitoring the resuscitation of patients with burn 
injuries, including methods to optimize initial fluid management. 

• Conduct basic and clinical research into wound healing, factors to promote healing, and 
artificial skin substitutes. 

Musculoskeletal Injuries 

• Develop improved systems with which to rate the severity of musculoskeletal injuries 
and the functional and anatomic results of therapy. 

• Conduct basic and applied research into fracture healing and techniques to improve 
outcomes, such as traction osteogenesis. 

• Conduct clinical studies to define the optimal management of spinal injuries, pelvic ring 
fractures, and other significant musculoskeletal injuries for which alternative treatment 
protocols exist. 

Ocular Trauma Care 

• Develop improved triage of multiply injured patients with eye injuries to avoid prevent­
able sight loss due to delayed or inappropriate eye care. 

• Develop an ocular trauma scoring system to improve prognostication and communica­
tion of the severity of eye injury as well as to guide the employment and timing of optimal 
treatment. 

• Develop new surgical and pharmacological interventions to reduce the risk of postop­
erative proliferative vitroretinopathy and to improve the functional outcome of recon­
structive procedures. 

Acute Care Treatment·How We Get There 
476 



,., 

References 

1. Jacobs LM, Sinclair A, Beiser A, D'Agostino RB. Prehospital advanced life support: 
benefits in trauma. J Trauma 1984;24(1):8-13. 

2. MacLeod BA, Seaberg DC, Paris PM. Prehospital therapy past, present, and future. 
Emerg Med Clin North Am 1990;80:57-74. 

3. Trunkey DD. Trauma. Sci Am 1983; 249(2):28-35. 

4. Gold CR. Prehospital advanced life support "Is. "scoop and run" in trauma 
management. Ann Emerg Med 1987;16(7):797-801. 

5. Kaweski SM, Sise MJ, Virgilio RW. The effect of prehospital fluids on survival in 
trauma patients. J Trauma 1990;30(10):1215-9. 

6. Bickell WH, Shaftan GW, Mattox KL. Intravenous fluid administration and 
uncontrolled hemorrhage. J Trauma 1989;29(3):L409. 

7. Ericcson CD, Fisscher RP, Rowlands BJ, Hunt C, Miller-Crotchett P, Reed L. 
Prophylactic antibiotics in trauma: the hazards of underdosing. J Trauma 
1989;29(10): 1356. 

8. Anderson IWR, Black RJ, Ledingham IMA, Little K, Robertson LE, Urquhart JD. 
Early emergency care study: the potential and benefits of advanced prehospital care. 
BMJ 1987;294:228-31. 

9. Birnbaum ML. Cost-containment in critical care. Crit Care Med 1986; 
14(12):1068-77. 

10. MadoffRD, Sharpe SM, Path JJ, Simmons RL, Cerra FB. Prolonged surgical intensive 
care. Arch Surg 1985; 120:698-702. 

11. Demling RH. Surgical patients in the ICU: administrative issues. In: Wilmore DW, 
Brennan MF, Harken AH, Holcroft JW, Meakins JL, editors, American College of 
Surgeons Care of the Surgical Patient, Volume 2, X-Organizational Issues. New York: 
Scientific American, Inc., 1990: 1-13. 

Acute Care Treatment-References 
4n 



12. Strauss MJ, LoGerfo JP, Yeltatzie JA, Temkin N, Hudson LD. Rationing of intensive 
care unit services. JAMA 1986; 255(9):1143-6. 

13. Singer DE, Carr PL, Mulley AG, Thibault GE. Rationing intensive care - physician 
responses to a resource shortage. N Engl J Med 1983; 309(19):1155-9. 

14. Civetta JM, Hudson-Civetta JA. Maintaining quality of care while reducing charges 
in the ICU: ten ways. Ann Surg 1985; 202(4):524-32. 

15. Saliterman SS. A computerized simulator for critical-care training: new technology 
for medical education. Mayo Clin Proc 1990; 65:968-78. 

16. Gann DS, Carlson DE, Byrnes GJ, Pirkle JC, Allen-Rowlands CF. Impaired restitution 
of blood volume after large hemorrhage. J Trauma 1981;21(8):598-603. 

17. Edwards JD. Practical application of oxygen transport principles. Crit Care Med 
1990;18(1):S45-8. 

18. Corbally MT, Brennan MF. Noninvasive measurement of regional blood flow in man. 
Am J Surg 1990;160:313-21. 

19. Piantadosi CA, Hemstreet TM, J obsis-Vandervliet FF. Near-infrared 
spectrophotometric monitoring of oxygen distiibution to intact brain and skeletal 
muscle tissues. Crit Care Med 1986;14(8):698-706. 

20. Mann S, Westenskow DR, Houtchens BA. Measured and predicted caloric 
expenditure in the acutely ill. Crit Care Med 1985;13(3):173-7. 

21. Damask MC, Askanazi I.I Weissman C, Elwyn DH, Kinney JM. Artifacts in 
measurement of resting energy expenditure. Crit Care Med 1983;11(9):750-2. 

22. Makita K, Nunn JF, Royson B. Evaluation of metabolic measuring instruments for 
use in critically ill patients. Crit Care Med 1990;18(6):638-44. 

23. Nelson LD, Anderson HB, Garcia H. Clinical validation of a new metabolic monitor 
suitable for use in critcally ill patients. Crit Care Med 1987;15(10):951-7. 

24. Shapiro BA, Cane RD. Blood gas monitoring: yesterday, today, and tomorrow. Crit 
Care Med 1989; 17(6):573-81. 

Acute Care Treatment-References 
478 



25. Donovan KD, Dobb GJ, Woods VIPD, Hockings BE. Comparison of transthoracic 
electrical impedance and thermodilution methods for measuring cardiac output. Crit 
Care Med 1986;14(12):1038-44. 

26. Sramek BB. The impact on diagnosis and therapy of computerized integration, 
processing and display of noninvasive hemodynamic and cardiodynamic parameters. 
Intensive Care World 1989;6(4):205-11. 

27. Eberhart RC, Weigelt lA. New chemical sensing techniques for critical care medicine. 
In: Shoemaker WC, Ayres S, Grenvik A, Holbrook PR, Thompson WL eds., Textbook 
of Critical Care. Philadelphia: WB Saunders, 1989;223-30. 

28. Chernow B. The bedside laboratory: a critical step forward in ICU care. Chest 
(Suppl) 1990; 97(5)183S-4S. 

29. Office of Medical Applications of Research, National Institutes of Health. Prevention 
of venous thrombosis and pulmonary embolism, consensus conference. JAMA 
1986;256:744-9. 

30. Rice DP, MacKenzie EJ and Associates. Cost of injury in the United States. San 
Francisco, CA: Institute for Health and Aging, University of California and Injury 
Prevention Center, The Johns Hopkins University, 1989. 

31. Pecklet MH, Newman KD, Eichelberger MR, Gotschall CS, Garcia VF, Bowman LM. 
Thoracic trauma - an indicator of increased mortality in children. J Pediatr Surg 
1990; 25:961-6, 1990. 

32. Pecklet MH, Newman KD, Eichelberger MR, Gotschall CS, Guzzetta PC, Anderson 
KD et al. Patterns of injury in children. J Pediatr Surg 1990; 25:85-91. 

33. Eichelberger MR, Mangubat EH, Sacco WS, Bowman LM, Lowenstein AD. Outcome 
analysis of blunt trauma in children. J Trauma 1988; 28:1109-17. 

34. Tepas JJ, Ramenofksy MI, Molitt DL, Gans BM, DiScala C. The pediatric trauma 
score as a predictor of injury severity: an objective assessment. J Trauma 1988; 
28:425-9. 

35. Pollack MM, Ruttimann UE, Getson PRo Pediatric risk of mortality (PRISM) score. 
Crit Care Med 1988;16:1110-6. 

Acute Care Treatment-References 
479 



36. Sivit CJ, Taylor GA, Eichelberger MR. Chest injury in children with blunt trauma: 
evaluation with CT. Radiology 1989; 171:815-8. 

37. Taylor GH, Fallet ME, Potter BM, Eichelberger MR. The role of computed 
tomography in blunt abdominal trauma in children. J Trauma 1988; 28:1660-4. 

38. Brick SH, Taylor GA, Potter BM, Eichelberger MR. Hepatic and splenic injury in 
children: role of CT in the decision for laparotomy. Radiology 1987; 165:643-6. 

39. National Institute of Neurological Disorders and Stroke. Interagency Head Injury 
Task Force Report. Bethesda, MD; National Institute of Health, 1989. 

40. Demling RH, LaLonde C. Burn trauma. New York, NY: Thieme Medical Publishers, 
1989. 

41. MacKenzie EJ, Shapiro S, Siegel JR. The economic impact of traumatic injuries: 
one-year treatment-related expenditures. JAMA 1988;260:3290-6. 

42. Hansen ST, Jr. The type IIlC tibial fracture: salvage or amputation [editorial]. J Bone 
Joint Surg [Am] 1987;69:799-800. 

43. Gartland JJ. Orthopaedic clinical research: deficiencies in experimental design and 
dissemination of outcome. J Bone Joint Surg [Am] 1988;70:1357-64. 

44. Border JR, Algower M, Hansen ST, Jr., Ruedi TP. Blunt multiple trauma. 
Comprehensive pathophysiology and care. New York and Basel, Switzerland: Marcel 
Dekker, Inc., 1990. 

45. Phillips TF, Contreras DM. Timing of operative treatment of fractures in patients 
who have multiple injuries. J Bone Joint Surg [Am] 1990;72:784-8. 

46. Paley D, Catagni MA, Argnani F, Villa A, Benedetti GB, Cattaneo R. IIizarov 
treatment of tibial nonunions with bone loss. Clin Orthop 1989;241:146-65. 

47. Glynn RJ, Seddon JM, Berlin BM. The incidence of eye injuries in New England 
adults. Arch Ophthalmol 1988;106:785-9. 

48. Karlson TA, Klein BE. The incidence of acute hospital-treated eye injuries. Arch 
OphthalmoI1986;104:1473-6. 

Acute Care Treatment-References 
480 



49. Sternberg P, Amberg TM. The persistent challenge of ocular trauma. Am J 
Ophthalmol 1989; 107:421-3. 

Acute Care Treatment-References 
481 



Glossary of Terms 



Glossary of Terms 

acetabular fracture - fracture of the hip socket 

adult respiratory distress syndrome (ARDS) - a life-threatening pulmonary complication 
of trauma, burns, and critical illness characterized by severe shortness of breath, low levels 
of oxygen in the blood, decreased elasticity oflung tissue, and accumulation of fluid, protein, 
and cells in the air sacs of the lungs 

air embolism - a bubble of air that travels through the bloodstream and eventually lodges 
in a blood vessel, obstructing blood flow and leading to tissue damage 

amblyopia -visual impairment of one or both eyes, without detectable organic disease, often 
caused by visual deprivation in early childhood 

angiography - an x-ray technique for visualizing blood vessels that is usually used for 
diagnostic purposes but is sometimes used in therapeutic interventions to control internal 
bleeding 

anterior segment - anatomic front third of the eyeball, including the cornea, anterior 
chamber, iris, and lens 

autogenous bone graft - a bone graft obtained from the patient's own bone, often the pelvis 

autotransfusion - the collection and reinfusion of a patient's own blood obtained from an 
active bleeding site 

bacterial translocation - the movement of bacteria from within the gastrointestinal tract to 
the bloodstream, leading to widespread, bloodborne infection that often complicates the 
care of a multiply traumatized or burned patient 

blood brain barrier - a selective mechanism opposing the passage of most ions and 
large-molecular compounds from the bloodstream to the brain 

calcium channel blocker - a drug that inhibits the flow of calcium ions across cell mem­
branes, causing a variety of effects including dilatation of cerebral arteries and arterioles 
and increased cerebral blood flow 

cardiac contusion - a focal heart injury, occurring after blunt chest trauma, that can cause 
potentially lethal cardiac rhythm disturbances 
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catecholamine response - a physiologic reaction to stress in which key neurologic chemicals 
are released, leading to a wide variety of cardiovascular, metabolic, endocrinologic, and 
immunologic effects 

cerebral contusion - a focal brain injury, often associated with a serious concussion, that may 
lead to secondary or delayed neurologic deterioration 

cerebral swelling - a complication of head injury in which blood vessels in the brain increase 
in size, resulting in increased blood volume in the brain and placing the patient with head 
injuries at risk for further neurologic deterioration 

coagulopathy. any disorder of blood coagulation 

compartment syndrome - a condition, occurring most commonly after trauma to a limb, in 
which bleeding or swelling in a confined anatomic area obstructs blood flow to the area, 
jeopardizing healthy tissue 

computed tomography (CT) - an x-ray technique in which anatomic information is gathered 
from a cross-sectional plane of the body and processed by computer for display 

crystalloid. a substance that dissolves in solution and passes readily through cell membranes 

cytokine - a general term for soluble products released by one cell that can alter the activity 
of other cells 

deep vein thrombosis - a potentially life-threatening disorder in which a clot forms within a 
blood vessel 

degloving injury - a tearing away of all or part of a hand or finger 

digital subtraction angiography (DSA) - an x-ray technique in which data about the anatomy 
and function of blood vessels is obtained through computer subtraction of unnecessary 
background information and intensification of the image of the vessels 

disseminated intravascular coagulation (DIC) - a type of Hfe-threatening coagulopathy that 
can complicate severe injury or disease 

enteral alimentation - administration of nutrients to a patient through a tube that has been 
inserted into the gastrointestinal tract 

enterocyte - the type of cell that lines the inner wall of the gastrointestinal tract 

epidural catheterization - introduction of an instrument for withdrawing fluids from or 
introducing fluids into the space outside the membranes covering the brain and spinal cord 
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external fixation - a method of holding together the fragments of a fractured bone by placing 
pins through the fragments and attaching an external frame to the pins outside the skin 
surface 

extracorporeal membrane oxygenation (ECMO) - the use of an artificial membrane outside 
the body that provides oxygen to a patient's blood as it is filtered through the membrane 

flail chest - a condition in which multiple rib fractures cause instability in part of the chest 
wall, disrupting the normal pattern of breathing 

free radical scavenger - a drug that removes a type of toxin, known as a free radical, that is 
released following tissue injury 

growth factor - a general term for a type of cytokine that affects the development and 
function of bone and other tissues 

hemodynamic monitoring - ongoing measurement of cardiac activity, vascular pressures, 
blood flow, and the adequacy of tissue perfusion and oxygenation 

hemostatic agent - a substance used to stop blood loss at a bleeding site 

hypermetabolic state - an increase in metabolic rate as a consequence of burns or severe 
injury, characterized by increases in oxygen consumption, heat production, body tempera­
ture, and protein breakdown 

hypertonic salt solution - a type of salt solution that, following intravenous administration 
to a patient, causes a net flow of water out of the cells bathed by the solution 

IIizarov technique - a method of treating traumatic and other bony deformities that 
combines external fixation, traction osteogenesis, and other interventions 

immobilization - rendering an injured body part incapable of being moved for purposes of 
preventing further injury or treating a diagnosed injury 

immunosuppression - interference with the body's capacity to mount an immunologic 
response to normally immunogenic stimuli 

inflammatory response - the reaction of tissue to local injury, mediated by a variety of 
complex chemical and cellular actions that can also damage healthy tissue, thereby perpetu­
ating and extending the inflammatory reaction 
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Injury Severity Score (ISS) - a widely used numerical descriptor of the overall severity of 
injury in persons who have sustained multiple injuries 

internal fIXation - an operative method of holding together fragments of fractured bone by 
directly attaching the fragments to one another with surgical wires, screws, pins, plates, or 
an adhesive substance 

inotropic agent - a drug that increases the force of heart muscle contractions 

intracranial pressure (Iep) - the pressure of the fluid that is present in the space between 
the skull and the brain 

intraosseous infusion - administration of fluids or drugs to a patient through a needle that 
has been inserted into the bone marrow cavity of one of the patient's long bones, often the 
tibia (shin bone) 

intrathecal agent - a drug injected into the fluid-filled space surrounding the brain and spinal 
cord 

isotonic salt solution - a type of salt solution which, following intravenous administration to 
a patient, does not cause a net flow of water in or out of the cells bathed by the solution 

ion-selective field-effective transistor (ISFET) - a chemical-sensing technology, suitable for 
use in devices that are placed temporarily in a patient's bloodstream to measure pH and 
other blood chemistries on an ongoing basis 

kerato-refractive surgery - surgical procedure performed on the cornea (the transparent 
front wall of the eye that provides most of the eye's optical power) to improve optical 
function of the eye 

lung fibrosis - a scarring of lung tissue that may occur following direct injury 

Iymphokine - a general term for mediators of the body's immune response that are not 
antibodies or complement components 

macrophage - a carrier or scavenger cell capable of ingesting bacteria, foreign particles, and 
other cells 

magnetic resonance imaging (MRI) - a diagnostic modality in which an external magnetic 
field is applied to the body and the resultant signals from hydrogen ions in body tissues are 
processed by computer to produce an image of soft tissue structures 
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maxillofacial injury - an injury to part or all of the jaws and face 

microemboli - a microscopic blood clot that travels from one blood vessel to a smaller one, 
where the clot obstructs blood flow 

multiple organ failure syndrome - a ~umulative sequence of organ failures, most often 
initiated by adult respiratory distress syndrome (ARDS), that frequently complicates the 
care of severely traumatized or burned patients 

National Acute Spinal Cord Injury Study (NASCIS) - a multicenter clinical trial that showed 
that patients with acute spinal cord injuries who are treated with a high dose of methylpred­
nisolone have improved neurologic function 

neuromuscular blocking agent - a drug that temporarily paralyzes skeletal muscle, often 
used to facilitate insertion of an artificial breathing device or to relax muscles before surgery 

nosocomial infection - an infection, acquired by a patient during hospitalization, that was 
neither present nor incubating prior to the patient's hospital admission 

orthotic device - an orthopedic appliance or apparatus used to support or align a moveable 
body part or to prevent or correct deformities that interfere with the function of a moveable 
body part 

osmotic agent - a type of diuretic drug, widely used in treatment of severe brain injury, that 
shrinks the brain and lowers intracranial pressure 

parenchymal- the functional tissue of an organ, as distinguished from the organ's supporting 
or connective tissue 

Pediatric Risk of Mortality Score (PRISM) - a quantitative method of estimating mortality 
risk for pediatric patients admitted to intensive care units 

Pediatric Trauma Score (PTS) - a triage tool for pediatric trauma patients consisting of the 
sum of six component scores 

peritoneal cavity - the body space that contains the abdominal and pelvic organs 

positive pressure ventilation - any technique in respiratory therapy in which compressed air 
or gas is delivered to respiratory passages at greater than ambient pressure 
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positron emission tomography (PET) - a tomographic imaging of local metabolic and 
physiologic functions in tissues, the image being formed by computer synthesis of data 
transmitted by positron-emitting radionuclides administered to the patient 

posterior segment - anatomic rear two-thirds of the eyeball, including structures located 
behind the lens (vitreous gel, retina, and optic nerve) 

prostanoid inhibitor - a drug that impedes synthesis of prostaglandins, naturally occurring 
chemicals that mediate some of the adverse inflammatory reactions to injury 

pseudophakic - the condition of an eye from which the crystalline lens has been removed 
and repJaced with a prosthetic intraocular lens 

pulmonary contusion - a focal lung injury resulting from blunt chest trauma that disrupts 
lung tissue and severely compromises respiratory function 

real-time monitoring - display of anatomic images or physiologic data simultaneous with 
the occurrence of the phenomena under observation 

resuscitation - the process of restoring or stabilizing the vital functions of a person who has 
sustained a life-threatening injury 

retroperitoneum - the body space containing the aorta, kidneys, and other structures that 
lie posterior to the abdominal-pelvic (peritoneal) cavity 

sepsis - a life-threatening condition resulting from the spread of bacteria or their toxins 
through the blood stream or other body tissues 

s.ing!e photon emission computed tomography (SPECT) - tomographic imaging of local 
metabolic and physiologic function in tissues, the image being formed by computer synthesis 
of data transmitted by single gamma photons administered to the patient 

synthetic colloid - an intravenous fluid consisting of a dextran, gelatin, or starch in solution, 
used to increase plasma volume 

syringomyelia - a slowly progressive condition in which cavitation occurs in the central 
segments of the spinal cord causing neurologic deterioration 

T-cell- a circulating cell that has several functions, but primarily mediates cellular immune 
responses 
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thrombolytic agc'1t - a drug that dissolves clots in blood vessels 

tissue ischemia .. a deficiency of blood supply to a body organ or part 

tissue oxygenation - the physiologic process of maintaining sufficient oxygen in cells 

tissue perfusion ~ the physiologic process whereby the cardiovascular system delivers oxygen 
to the cells 

traction osteogenesis - a technique of stimulating new bone formation to correct bone loss 
defects by surgically dividing one of the bone ends and applying an external pulling force to 
the existing skeletal structures 

Trauma Score and Injury Severity Score (TRISS) - a quantitative method of estimating a 
trauma patients likelihood of survival on the basis of physiologic measurements (revised 
Trauma Score), an assessment of injury severity (Injury Severity Score), the mechanism of 
injury (blunt or penetrating), and the patient's age 

veno-veno bypass - a procedure, used in liver transplantations and other surgical operations, 
in which blood is temporarily mechanically pumped from one vein to another, thus circum­
venting an organ, such as the liver, through which blood would normally flow 

vitrectomy - an intraocular surgical procedure performed to remove opacified vitreous gel 
to restore intraocular clarity or to allow treatment of retinal pathology 
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Where We Are 

Introduction 

Statement oftbe Problem 

Rehabilitation involves restoring an injured person's altered physiologic, psychologic, and 
social functioning as closely as possible to its original state. The ultimate goal of rehabilita­
tion for persons with disabling injuries is to achieve optimal health and personal autonomy 
so they can live an independent and noninstitutiollallifestyle. 

In recent years, improvements in injury prevention, emergency medical services, trauma 
systems, and medical and surgical management of persons with injuries have resulted in 
more people surviving all injuries and more people surviving severe injuries. 

These improvements in prevention and medical care have increased the demands on 
rehabilitative systems of care. Each year more than 200,000 people require extensive 
rehabilitation services as a result of spinal cord injuries (SCIs), traumatic brain injuries 
(TBIs), and burns. Limb and extremity injuries, injuries to the face and eyes, and poly trauma 
add considerably to demands for rehabilitative services. 

Unfortunately, rehabilitation services are not available to all who need them for two primary 
reasons. First, comprehensive rehabilitation services are not available in all regions of the 
country. Although some areas have excellent systems of rehabilitative care for severe 
injuries that result from burns, SCI, or TBI, only about 20% of people with spinal cord 
injuries are actually treated in a comprehensive system of care. The second problem is cost. 
Some injured persons are unable to pay for comprehensive rehabilitation services. In 
addition, third party payers (private insurance carriers, Medicaid and Medicare, and work­
ers' compensation insurers) tend to support therapies on the basis of cost and expediency 
rather than efficacy. 

OUf panel made a major effort to develop an agenda for rehabilitation services, research, 
and policy for the next decade. We believe that our agenda - combined with concurrent 
and parallel efforts by the National Institutes of Health, the National Council on Disability, 
the National Institute for Disability and Rehabilitation Research, and the Institute of 
Medicine - will significantly advance the availability and quality of comprehensive reha­
bilitation services for those with a disabling injury. 

We are encouraged that progress toward improved rehabilitation is already underway. The 
recent passage of the Americans with Disabilities Act (ADA) recognizes -for ~he first time 
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- the rights of a person with a disability to have access to full employment and to therapies 
that will make them independent. The ADA will have a significant impact on employers, 
educational institutions, persons with disabilities, and our Nation. We urge prompt and 
vigorous implementation of the provisions of the ADA. 

We are also encouraged by the recent publication of Disability in America by the Institute 
of Medicine. This report documents the impact of disability in America and presents an 
extremely useful framework for understanding the disabling process better and for devel­
oping strategies to intervene in this process. We urge careful reading of this report. 

The recommendations expressed in this paper are based on the following three principles: 

• To integrate rehabilitation successfully into injury control programs, policymakers and 
the general public must understand that rehabilitation services represent one phase in 
a continuum of care that begins when the injury occurs and may continue for life. 

• To deliver comprehensive rehabilitation services, a coordinated team of rehabilitation 
specialists must work in concert with the persons who have disabling injuries and with 
their families. 

• To achieve optimal health, personal autonomy, and independence for seriously injured 
people, we need to establish by the end of this decade, a cost-effective system of 
rehabilitation care. 

Our goal is ambitious. It will require substantial financial commitment, innovative thinking, 
and cooperation among specialists. It will require reorganizing health services delivery, 
developing new systems of health care financing, conducting new basic science and clinical 
research, and establishing new methods to critically evaluate rehabilitation services. The 
cost of reaching our goal will be great, but we believe that the financing can be found. Our 
goal can be met only through a collaborative and collegial effort among researchers, 
clinicians, consumers, families, communities, and public and private agencies. 

Key Terms and Definitions 

Associated injury: An injury that occurs when the primary injury occurs. 

Comprehensive medical rehabilitation: Coordinated multidisciplinary rehabilitation serv­
ices provided in an inpatient or outpatient setting under the direction of a qualified 
physician. These services are designed to obtain for the patient the highest attainable levels 
of personal independence, health, and productivity. 

Condition: A person's medically diagnosed physical or psychological situation. 

Disability: Inability or limitation in performing the socially defined activities and roles 
expected of people in a social and physical environment. 
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Functional limitation: Restriction or inability, which results from impairment, to perform 
an action or activity in the manner or within the range considered normal. 

Impairment: All mental, emotional, physiological, or anatomical losses or abnormalities, 
including pain and those not attributable to an active pathologic condition. 

Limb and extremity injury: Traumatic injury to the limbs, which could involve muscles, 
bones, joints, soft tissues or peripheral nerves. 

Pathologic condition: Interruption or interference in normal bodily processes or structures. 

Poly trauma: Potentially life-threatening or disability-producing injury to more than one 
major body region or organ system. 

Primary injury: The injury with the greatest consequence to the person, within a particular 
context of care. For example, when a poly trauma patient is first injured, the primary injury 
could be a cardiac contusion; after acute medical care is complete, the primary injury could 
be a spinal cord injury. 

Public health surveillance: The ongoing systematic collection, analysis, and interpretation 
of health data needed for planning, implementing, and evaluating public health programs. 

Rehabilitation services: Care and treatment provided by professionals from the disciplines 
of medicine, physical therapy, occupational therapy, speech and language pathology, reha­
bilitation nursing, orthotics and prosthetics, rehabilitation engineering, psychology, social 
work, recreational therapy, and vocational counseling. 

Secondary condition: Any pathologic condition that begins as a result of a previous 
condition. (In this document, the first condition is always understood to be an injury.) 

Spinal cord injury (SCI): Injury to neurologic structures contained in the spinal cord that 
may cause motor or sensory impairment, or bowel or bladder dysfunction. 

Standard of care: A health care practice that is expected in defined circumstances. 

Traumatic brain injury (TEl): An insult to the brain (not of a degenerative or congenital 
nature) that may produce a diminished or altered state of consciousness and that results in 
temporarily or permanently impaired cognitive or perceptual abilities or physical function. 
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Spinal Cord Injury 

Dimensions of the Problem 

Recent estimates of the prevalence of spinal cord injury (SCI) range from 177,000 to 200,000 
people. As recently as World War II, practically all those who sustained a spinal cord injury 
died; today, life expectancy for all but the most catastrophically injured can approach 
normal. Advances in the management of cardiorespiratory complications (the leading cause 
of death among children and adults with SCI) are expected to increase the number of people 
with SCI who survive. Each year, 10,000 to 20,000 persons in the United States receive a 
spinal cord injury, resulting in 30 to 35 additional persons per million population who need 
rehabilitation services for SCI. 

More than 80% of people with new SCIs are men, and about 60% of these men are from 
16 to 30 years of age when the injury occurs (1). Among young men, motor vehicle crashes, 
often involving alcohol use, account for more than half of the SeIs. Among people older 
than 60 years of age, more than half of the SCls result from falls. 

About 75% to 80% of people with acute traumatic SCI experience some degree of perma­
nent impairment despite optimal medical and rehabilitation management. Neurologic 
impairment is more often incomplete among older people. Among older persons, impair­
ment and disability may be greater because of preinjury conditions that interfere with the 
person's physiologic and psychologic ability to adapt to spinal paralysis. Most people with 
SCI have disabilities that interfere with major life activities such as walking, bowel and 
bladder control, and employment, disabilities that result in a life-long need for assistance 
with daily activities. Regretfully, the postinjury vocational outcome of SCI patients is less 
than desirable, as evidenced by data showing that as long as 5 years after injury, only 20% 
of patients who received comprehensive care in model SCI care systems are employed. 
Little is known about the relationship between rehabilitation outcomes and injury etiology, 
alcohol use, or other behavioral risk factors related to cause of injury. The effects of age, 
gender, and psychosocial factors on rehabilitation outcomes have not been well described 
(2). 

The average annual direct costs of initial medical and rehabilitation care in a model SCI 
system during 1988-1989 ranged from $71,980 for a patient with incomplete paraplegia to 
$153,312 for a patient with complete quadriplegia. Lifetime direct costs for a single case of 
complete quadriplegia are now estimated at $571,584, and lost earnings are estimated at 
more than $308,054 (3). The total annual economic burden for SCI patients in the United 
States has been estimated at about $6.2 billion (3). 

In 1988, the Council of State and Territorial Epidemiologists selected SCI as the first injury 
to be included in public health surveillance by state departments of public health. Because 
states faced multiple financial, organizational, and methodological barriers to obtaining 
accurate surveillance data on SCIs, only a few states have begun surveillance efforts. 
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Complete case ascertainment, the need for monitoring mandatory reporting, and unreliable 
and undetailed medical records are some of the problems preventing effective implemen­
tation of SCI surveillance in states. New strategies are being developed and tested. 

Pathophysiology 

Currently, our understanding of the determinants of clinical recovery from acute SCI is 
rudimentary. Clinical prognosis is best determined by the degree to which motor and 
sensory function is preserved or improves during the days immediately following injury. 
Severe mechanical forces applied to the spinal cord are followed by microcellular and 
neurochemical changes, creating a microenvironment in the damaged area of the spinal 
cord that inhibits or prevents regrowth of nerve axons. Intensive basic science research is 
being conducted to understand the neurophysiologic changes that follow sudden mechanical 
forces being applied to the spinal cord. Some believe that early removal of any structures 
such as bone or foreign bodies that cause continued mechanical compression on the spinal 
cord, particularly after reduction of an associated spinal fracture, improves recovery (4), 
although no controlled-series studies on the efficacy of this treatment strategy exist. Results 
of one recent study shm . <l that the early administration of high doses of steroid is associated 
with a significant rate u improvement in semiobjective clinical measures of motor and 
sensory function (5). Further contributions to clinical recovery that result from basic science 
research on nerve regeneration will be incremental, and use of these new findings will need 
to be combined with currently known medical and rehabilitative techniques to enhance 
functional recovery. 

The impact of the psychological and pathophysiologic aspects of aging on people with SCI 
has not been adequately studied. A person's age when SCI occurs and the duration of an 
SCI may synergistically affect the rate of degenerative changes in different organ systems 
and may affect a person's life-long functional performance. 

Rehabilitation Interventions and Outcomes 

Since 1971, the National Institute of Disability and Rehabilitation Research (NIDRR), 
Department of Education, has supported the Model SCI Systems Program, which has 
collected extensive descriptive data about people with SCI, treatment, and SCI outcomes 
during and following the injured person's participation in specially designed model systems 
of care. A 1989 national consensus conference provided SCI experts an opportunity to 
examine various research results documenting the efficacy of this model care system (3). 
Results of one study (3) showed that patients treated in model SCI systems had shorter 
hospital stays and were more often discharged to community living situations than a 
comparison group of persons treated in nonmodel SCI system hospitals. Patients with 
neurologically complete quadriplegia treated in model SCI systems gained significant 
functional independence sooner after injury, a result that reduces costs. Researchers 
compared two groups of SCI patients for secondary complications that developed during 
initial hospitalization. They found that the group of SCI patients admitted immediately to 
model SCI systems had a significantly lower prevalence of contractu res, heterotopic 
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ossification, atelectasis, urosepsis, and pressure sores than SCI patients admitted 2 to 60 
days after injury. 

Little is known about the epidemiology of secondary conditions that develop during the lives 
of people with SCI. Only recently have more than a few persons with SCI begun surviving 
more than 30 years (3), and the impact of effective rehabilitation on the occurrence of 
secondary conditions during a lifetime has not been fully evaluated. Recent clinical reports 
have described the onset and treatment of many secondary conditions such as pressure sores 
and urinary tract infections. Other common problems are infertility among many male SCI 
patients, intractable pain, contractu res, and fractures due to osteoporosis. Clinical depres­
sion is probably increased, and suicide may be five times more prevalent as a cause of death 
in the spinal-injured population than in able-bodied populations. Although effective treat­
ment for many of these conditions is available, more knowledge is needed about preventive 
interventions, including the timing, intensity, and mix of interventions. The delivery of 
rehabilitation services as soon as possible is also important. Delayed or ineffective treat­
ment results in additional disability that affects the quality of life and functional inde­
pendence of people with SCI. We believe that, ideally, rehabilitation should not only begin 
as soon as possible after the acute injury, but should continue throughout the injured 
person's lifetime. 

Service Delivery Issues 

Not enough comprehensive clinical rehabilitation programs can fully apply the rehabilita­
tion methods developed and demonstrated in the Model SCI Systems Program. Although, 
in certain regions, these programs have a high capture rate of patients with acute traumatic 
SCI, overall less than 20% of all people with SCI are treated in these systems. Furthermore, 
only about half of all persons with SCI are treated at some time by physicians who are 
members of the American Spinal Cord Injury Association, a multispecialty physician 
organization devoted to improved care and treatment for people with SCI. The number of 
experienced rehabilitation professionals in allied health fields is also inadequate to meet the 
needs of persons with SCI. 

Helping people achieve an independent lifestyle following injury is a major objective of 
rehabilitation. Since SCI patients typically are cognitively intact young people, they are an 
ideal group in which to demonstrate methods for achieving independent living. Inde­
pendent living centers, various state vocational agencies, and other independent organiza­
tions offer attractive models for providing cost-effective services to people with SCI. We 
must evaluate the effectiveness and costs of training injured people to live independently at 
centers. A key to effective rehabilitation is to involve the family of an injured person in the 
support and delivery of services. Another key element in rehabilitation is to provide training 
to help persons with SCI get full employment. 
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Funding Issues 

Many people have inadequate or no third-party medical insurance (private insurance, 
Medicare or Medicaid, or workers' compensation). Universal and more uniform insurance 
coverage for rehabilitation services can help increase the availability of specialized care for 
people with SCI throughout the country. Treatments, outcomes, and cost-benefit analyses 
of various mixes of inpatient, outpatient, and home care services need to be examined. At 
present, the mix of the level and location of rehabilitative services is strongly driven by 
reimbursement mechanisms rather than by effectiveness or cost-benefit analyses. For 
example, one objective of the Model SCI System Program has been to begin rehabilitation 
services immediately after injury, blending acute medical care with early rehabilitation care 
in specialized SCI units or programs. Although data support this method as cost-efficient, 
the current reimbursement system makes achieving these objectives difficult. The most 
effective mix of acute care and rehabilitative services during the acute phase of SCI needs 
to be determined. Standards of care should be developed to balance cost, effectiveness, and 
various treatment modalities. Acute and rehabilitative care settings and systems that most 
cost-effectively lead to optimal outcomes must be characterized. Incentives are needed to 
improve coordination between acute-medical and rehabilitative services to people with SCI, 
both during initial hospitalization and during fonow-up. 

Advances in adaptive equipment technology have greatly expanded opportunities for 
people with extensive paralysis to increase their productivity and independence. The cost 
of this technology, however, often makes it inaccessible to people who need it, and obtaining 
funding for adaptive equipment is difficult. In addition, information about the availability 
and benefit of new equipment is inadequately disseminated among professional, payer, and 
consumer groups. Financial constraints also can limit the availability of affordable barrier­
free housing and transportation systems, optimal public school services, and personal care 
attendants. 

Traumatic Brain Injury 

Dimensions of the Problem 

The true annual incidence of traumatic brain injury (TBI) in the United States is unknown 
because no reliable systems of surveillance are established in any state. In addition, coding 
problems are significant because ICD-9 coding does not have a specific code for TBI. The 
results of a 1985 survey of central nervous system injuries found 225 TBls per 100,000 
population, of which 5% to 10% (20 per 100,000) were fatal (6). About 20% to 40% of the 
people with nonfatal TBIs did not seek medical care. Of thOSE ·.vho received medical care, 
only 40% to 60% were hospitalized. 

Each year in the United States, about 70,000 head injuries are classified as moderate to 
severe. Persons with moderate to severe TBI wi11live the rest of their lives with a combina-
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tion of cognitive, physical, behavioral, and emotional deficits and will require long-term 
rehabilitation services. Almost no data are available on so-called mild TBI or on the impact 
of mild TBI on a person's capacity to function normally. The peak incidence of TBI occurs 
among adolescents and young adults [from 15 to 24 years old (6)]. TBI is two to three times 
more common among men than women. Patients with TBls often are single and in lower 
socioeconomic groups. Many persons with TBI have a history of alcohol or drug use and 
may have undergone psychiatric care before their head injuries occurred (7). Motor vehicle 
crashes and falls are leading causes of TBI. Clearly, the most effective way to prevent 
disability is to prevent TBI from occurring in the first place. Mandatory seat-belt and 
motorcycle-helmet laws, air-bags, and bicycle-helmet usage are examples of primary pre­
vention strategies. 

Pathophysiology 

The pathophysiologic changes to the brain that result from TBI begin at impact. Contusions 
are a type of focal brain injury that can occur beneath sites of impact or skull fracture. They 
also occur as a result of the brain gliding over the irregular surfaces of the base of the skull, 
especially at the frontal and temporal regions. Other focal brain injuries occur as a result 
of laceration of blood vessels, which then bleed into surrounding tissue to cause epidural, 
subdural, or intracerebral hematomas. Rotational acceleration can cause movement be­
tween different components of the brain tissue itself; such movement results in concussion 
and shear injury or diffuse axonal injury. In the latter type of injury, delayed degeneration 
of injured brain cells occurs. 

As contusions and hematomas enlarge, intracranial pressure rises. This rise, in turn, causes 
brain displacement, potential tissue necrosis, and obstruction of venous blood flow. These 
events further increase the pressure, compromise cerebral blood flow, and promote ('1n 
ischemic condition that worsens the original injury and can lead to cerebral infarction. The 
ischemia can be aggravated by extracranial factors, such as hypoxia due to respiratory failure 
or hypotension due to blood loss. 

Intracranial pressure is managed by such advanced assessment techniques as magnetic 
resonance imaging, computerized axial tomography, and intracranial pressure monitors. In 
addition, acute neurosurgical treatment includes techniques such as positioning, hyperven­
tilation, sedation, diuretics, ventricular drainage, and paralyzation. Aggressive early surgical 
decompression of mass lesions and surgical treatment of hydrocephalus have resulted in 
decreased damage due to the effects of increased intracranial pressures. Basic research on 
delayed cellular damage and the development of medications to diminish cell death are 
needed to minimize the neurological dysfunction after TBI. 

Rehabilitation Interventions and Outcomes 

Rehabilitation for people with TBI differs from general rehabilitation because of the longer 
recovery course after severe head injury and because of different stages of recovery 
associated with different profiles of physical and cognitive impairments. The optimal 
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approach to rehabilitation for people with TBI is to adapt treatment as each major stage of 
impairment occurs and to prepare patients and families for the next stage of recovery. 
Physical problems often include extra cranial injuries (both soft tissue and skeletal fractures) 
and motor impairment; later, spasticity and heterotopic ossification often develop. In the 
early phases of recovery, aggressive rehabilitation efforts that prevent contractures will 
frequently minimize later disability. Patients who engage in passive range-of-motion exer­
cises twice a day have fewer contractures (8). Aggressive, nonpharmacologic management 
of spasticity with the use of inhibitive casts and nerve blocks also will decrease the likelihood 
of contracture formation (9). 

Cognitive rehabilitation is a specialized type of rehabilitation for patients who are disabled 
primarily as a result of impairments in memory, judgment, and other cognitive functions. In 
the past few years, cognitive rehabilitation has become increasingly controversial because 
of the proliferation of costly, time-consuming, and unproven treatments. Results demon­
strating the effectiveness of cognitive rehabilitation are, at best, preliminary. There is clear 
evidence, however, that patients can improve function through compensatory strategies, 
and many can be retrained to return to work or school (10-12). The patient's level of 
cognitive and behavioral functioning is usually the major factor in outcome and can be used 
to determine realistic goals for the patient (13). Family intervention with adequate infor­
mation and support is important to the patient's recovery and should start as soon as possible 
(14). 

Service Delivery Issues 

The usual course of treatment in comprehensive rehabilitation begins with the rehabilitation 
team evaluating the patient's strengths and deficits, establishing overall rehabilitation goals, 
and estimating the expected length of stay. Treating cognitive impairments is an interdisci­
plinary process. Since rehabilitating people with TBI is likely to extend beyond acute care 
hospitalization, it is important that team members and potential community service provid­
ers, including school personnel in the case of children with TBI, be identified and invited to 
participate in any discussions about long-range goals and treatments. This comprehensive 
approach is especially important in rehabilitating children with TBI whose developmental, 
educational, and social needs are especially sensitive. 

Controlled efficacy studies of specialized rehabilitation programs are needed. Uncontrolled 
study results have shown that large improvements in function can occur during initial 
rehabilitation (15), but the evaluation of treatment effects is confounded by rapid sponta­
neous recovery following traumatic brain injury. The National Institute for Disability and 
Rehabilitation Research (NIDRR) is presently supporting the development of five model 
systems of care for people with TBI. Unique to these systems is a common standardized 
method of collecting data that should facilitate comparisons of treatment efficacy among 
various rehabilitation facilities. 
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Funding Issues 

To provide the best possible outcome for patients with TBI, we must (a) develop a national 
network of Level I trauma care systems with well integrated rehabilitation programs and 
(b) fund rehabilitation services and acute care services. Funding for custodial and long-term 
care is often needed for people with TBI, since they have often incurred those injuries in 
their teens or early twenties, have near-normal life spans, and often survive the death of the 
family member who was the primary care giver. Additional funding is needed to train health 
professionals, special education teachers, and personal care givers. 

Burns 

Dimensions of the Problem 

Each year, about 1 % of the pqpulation of the United States receives a burn injury. About 
half of these injuries will require medical attention or be severe enough to restrict daily 
activities in the home, school, or workplace. One-fourth of these injuries require confine­
ment in bed. Hospital admissions for burns are estimated to be between 70,000 and 108,000 
a year; about 20% of those admitted are children. On the basis of data for 1965 to 1979 
from the National Burn Information Exchange (NBIE), 18% of 37,442 patients were older 
than 50 years and 10% were older than 60 years. 

Each year between 6,500 and 12,000 people die from burns. The most common groups 
burned are children (ages 2 to 4 years), young adults (ages 17 to 25 years), and males of any 
age. 

The United States now has 198 burn units with 2,243 specialized burn-care beds. About 
one-third of all patients who are hospitalized for burns are treated in these centers. In 
general, burn centers are directed by plastic or general surgeons. Only at a few burn centers 
do physicians with specialty training in physical medicine and rehabilitation (physiatrists) 
work closely with the burn team and follow up with burned patients after their hospita 1 
discharge. During their formal education, physiatrists and allied health professionals are 
usually not trained in the treatment of burns or rehabilitation of burned patients. Most of 
their education about burn rehabilitation must occur on the job and during professional 
seminars. 

Most data collected about burns are on mortality and morbidity. No data exist on rehabili­
tation outcomes, long-term sequelae to burn injuries that affect quality of life, the cost of 
care for inpatient or outpatient rehabilitation, or (except for a few reports) rehabilitation 
complications during acute care or at hospital discharge. 
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Outpatient rehabilitation programs are not always available in burn centers. Of centers with 
fewer than 81 admissions each year, 33% do not have outpatient rehabilitation programs. 
Of burn centers with 81 to 120 admissions each year, 20% do not have such programs, and 
of those with more than 121 admissions, 12% do not. Accurate information is needed on 
the cost of rehabilitative care, including ways to lower those costs, such as increasing 
productivity by distributing the peak service demand for services over 24 hours, using 
part-time employees, and diversifying. 

Pathophysiology 

Hypertrophic scarring: Hypertrophic scarring creates a major cosmetic problem, can cause 
severe contractures, and may be the most challenging aspect of rehabilitating a burn patient. 
The lack of adequate animal models on which to test the various therapeutic modalities has 
limited study of burn scar development. 

Contractures: A burn wound will shorten until it meets an opposing force. Often, the 
shortening force can be so severe that it dislocates joints. A variety of treatment techniques 
is needed to manage burned-skin contractures because they differ from other types of 
contractu res. For example, since burns may cover an entire limb, contractu res may affect 
more than one joint. No studies have compand the effectiveness of various treatment 
methods. 

Peripheral and central nervous system: Few investigations have assessed the implications 
of peripheral and central nervous system involvement in the burn-injured patient. Neuro­
logical problems in burn patients can result from various etiologies, many of which are 
preventable with proper precautions. Peripheral neuropathy is a common neurological 
problem that occurs in 15% to 29% of patients with burns on more than 20% of their total 
body surface (16); however, its etiology is unknown. Electrical burns produce many neuro­
logical complications and sequelae. The pathophysiological mechanism of burns on the 
central nervous system needs to be described. 

Musculoskeletal changes: Bone and joint changes have been reported in 2% to 5% of 
severely burned patients. These musculoskeletal changes are particularly devastating when 
they occur among children, for whom they can cause bone-growth disturbances, kyphotic 
deformities, scoliotic deformities, heterotopic ossification, and joint dislocation. 

Rehabilitation Interventions and Outcomes 

Few clinical studies have compared treatment techniques to determine what protocols are 
best. In addition, little information about successful therapies is available, and no universally 
accepted measurement of functional recovery exists. 

Although burn care is mostly centered around inpatient burn units and centers, outpatient 
care is growing in importance. Use of alternative care locations, such as intermediate care 
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facilities and the patient's home, may permit earlier discharge than the use of hospitals 
alone. Innovative patterns of ambulatory care by which various specialists of the burn team 
can deliver patient care need to be developed. In all rehabilitation models, caregivers must 
address the psychosodal needs of children and adults with burns as wen as the needs of their 
families. Burn patients also need to use existing rehabilitation facilities more frequently. A 
review of discharge diagnoses on 46,667 patients in 119 rehabilitation facilities showed that 
only 0.8% of the diagnoses were burn injuries. 

We need longitudinal research to document the problems that burn patients face after 
recovery. Such research should involve many burn centers, each using the same protocol 
so that an adequate number of patients can be studied to obtain valuable information for 
planning a burn patient's future and for predicting costs of care. 

Service Delivery Issues 

Training: A major problem for burn rehabilitation is the lack of trained personnel, particu­
larly physiatrists. Generally, physiatry residents do not study burn care. The shortage of 
allied health personnel trained in burn rehabilitation is also acute. 

Public awareness: The public's failure to understand the social, emotional, and occupa­
tional problems that face burn patients after healing is especially critical in the workplace 
and for children and adolescents returning to school. 

Standards of care: Members of the American Burn Association agree that a comprehensive 
model of standards or guidelines for treating and rehabilitating burn patients should be 
developed and outcome criteria identified. Such a model is needed ( a) to assure the delivery 
of quality burn rehabilitation services and (b) to aid third-party payers in supporting 
appropriate therapies. 

Other issues: Very few burn patients receive Social Security benefits. On a national basis, 
the percentage of disability claims paid to burn patients by Social Security from 1981 to 1983 
was less than 1%. A universal approach is needed for retraining persons whose burns do 
not permit them to return to their previous type of employment. Burn patients often are 
forced to seek employment that does not require their full capabilities and does not provide 
sufficient income to support themselves or their families. These people need social security 
and vocational rehabilitation services. 
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Limb Injuries 

Dimensions of the Problem 

Each year an estimated 986,000 people are admitted to a hospital for treatment of an injury 
to a limb; they account for nearly half of all hospital trauma admissions. Costs associated 
with initial hospital treatment alone amount to $5.1 billion (1985 dollars). Injuries to lower 
limbs account for most admissions (696,000 per year or 70% of aU admissions for limb 
injuries). People 65 years and older are at particularly high risk of being hospitalized for 
treatment of a lower limb injury; they account for a disproportionate share (40%) of all 
hospitalizations for lower limb injuries (17). 

Although current data on limb injuries do not specify etiology, severity, place of occurrence, 
or treatment, we know that significant causes of limb injury are sports, leisure, and home 
activities and trauma resulting from motor vehicle crashes. As the population ages, faUs 
among the elderly that result in injury will become an increasing problem. The sequelae of 
massive limb trauma, which may be amputation, also need further study. 

Pathophysiology 

The pathophysiology of bone healing is not well understood. The relationship between 
weight-bearing and internal fixation is unclear, and more research is also needed to help 
clarify the value of adjunctive therapies, such as electrical stimulation, in improving bone 
healing. Surgery to repair blood vessels is highly effective, but research into improving 
peripheral nerve repair has not received much attention in the past 10 years. The ability to 
move skin and soft tissue to enhance tissue coverage has improved, but repair techniques 
for ligaments are still evolving. Immobilization as a ,treatment for limb injury is not ideal, 
because muscle weakness, fibrous tissue contractures, and cardiopulmonary deconditioning 
are all inevitable complications. The patient's loss of energy is the cost of accommodating 
an immobilized limb. Walking with crutches to avoid putting weight on a limb raises the 
heart rate 25%. Using a fracture brace instead of the traditional cast minimizes the loss of 
energy and periarticular fibrosis. 

Rehabilitation 

Rehabilitation has not played a major role in the management of limb fractures, except when 
the limb is amputated. The traditional model for managing limb injuries involves primary 
care by an orthopedist, with occasional assistance from vascular and plastic surgeons. 
Follow-up is provided on an outpatient basis, which allows the patient to set the rehabilita­
tion pace. Care is focused on healing the primary pathologic condition, and little attention 
is given to traditional concerns of rehabilitation such as employment problems and social 
reintegration. 

The trend toward increasing the number of trauma centers provides an opportunity for 
early involvement of the rehabilitation team in acute care settings. Although many 
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rehabilitation therapy protocols need to be evaluated, information about factors that 
influence a patient's return to work following hospitalization for limb injury is emerging. In 
one study of outcomes following limb injuries, results showed that of patients with Abbre­
viated Injury Scores (AISs) of lor 2,44% were back at work 6 months after injury, and 65% 
1 year after injury (18). Of the patients with more severe limb injuries (AISs of 3 or more), 
28% were back at work 6 months after injury, and 54% 12 months after injury. Especially 
striking is the high percentage of less severely injured workers who were not working after 
1 year. Factors that correlated positively with patients returning to work were quantity and 
quality of vocational rehabilitation, preinjury personality traits, and involvement of the 
family in the recovery program. Negatively correlated factors were low income and low 
education, which may reflect limited resources for rehabilitation care. 

Service Delivery Issues 

One major problem in limb injury rehabilitation is clinical care providers' lack of awareness 
that rehabilitation can improve limb injury outcome. Another problem involves deciding 
when is the best time to begin rehabilitation. Including rehabilitation as an element in 
trauma centers is advantageous. For example, psychologists and other counseling profes­
sionals can help patients return to work early, and these professionals can also contribute 
to more efficient coordination of community services. Patients who can return to work, even 
though they do not work full time, may have improved recoveries. There is evidence that if 
a person fails to return to work by 6 months postinjury, the likelihood of that person ever 
returning to work is reduced (18). 

Funding Issues 

For work-related injuries, most phases of treatment are funded satisfactorily. For injuries 
occurring during a leisure activity, treatment is generally reimbursed through third-party 
payers who may not adequately cover a patient's rehabilitation needs. Assistive medical 
equipment, other than such simple items as crutches, may not be covered by health insurance 
and therefore unavailable to some injured persons. 

Back Injuries 

Dimension of the Problem 

Musculoskeletal injury to the spinal column is also an important source of impairment and 
disability, especially among workers. Although exact figures on the numbers of back injuries 
that occur each year are not available, one can estimate the problem by determining the 
number of people who complain about low back pain and the number of workers' compen­
sation claims filed for back injuries. 
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About 5.2 million Americans are disabled by low back pain; half of them are chronically 
disabled (19). The annual costs of compensable low back pain have been estimated at $11 
billion (in 1986 dollars). Low back pain is the most common cause of work disability among 
adults less than 45 years of age and the third most important cause of disability among those 
45 years or older (19). The rate of disabling low back pain increased 14-fold from 1970 to 
1981 (20). Each year about 5% of the population complains of low back pain. Because of 
the difficulty in making a differential diagnosis, it is unknown to what extent reported 
symptoms of back pain are due to an ~cute sudden injury, to cumulative trauma to the spine 
as a result of repeated heavy physical work, or to congenital anomalies and chronic medical 
conditions. In general, an exact diagnosis is made for only 10% to 15% of all patients with 
low back complaints (20). 

Work-related back injuries account for about one-fifth of all workers' compensation claims 
(21). The annual incidence rate of compensable back injuries among all industrial workers 
has been estimated to be 2%, although these rates vary considerably by industry and 
occupation, with highest rates reported among machine operators, truck drivers, and nurses 
(21). Estimates of the back injury problem that are based on workers' compensation claims 
are generally low since many workers who experience a back injury do not file a claim or 
are not covered under state programs. Claims data do, however, provide important infor­
mation on the incidence of serious back injury and can be used to design and target 
prevention programs. 

Three-quarters of all claims for back injury are filed by men. The average age of the back 
injury claimant is 35 to 40 years (21). 

Overexertion, including lifting, pulling, and throwing, is the most common cause of back 
injury. In many cases, however, back pain is not associated with a sudden injury; rather, it 
is the result of cumulative spinal damage due to heavy physical work. This is especially true 
if workers lift more than their capacity. 

Treatment 

The treatment for back injury, and low back pain generally, is not standardized and ranges 
from conservative therapies to surgery (22). In general, little scientific evidence supports 
the choice of a particular clinical strategy (23). Published reports of clinical studies are few 
because of the lack of appropriate controls and random assignment of patients to alternative 
therapies, reliance on short-term follow-up evaluations, and poor standardization of both 
treatments and evaluation. In addition, many studies lack clear and precise criteria for 
particular patients; the result is that study populations are heterogeneous with regard both 
to etiology of low back pain and to sociodemographic factors (24). The lack of scientific 
evidence to support alternative therapies has led to wide variations in treatment practices 
for both acute and chronic low back pain. 
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It is important to distinguish between acute and chronic back pain. Acute back pain is 
generally defined as lasting less than 12 weeks, and chronic low back pain as lasting more 
than 12 weeks. 

The prognosis for acute low back pain is generally favorable. About 90% of all cases of 
acute low back pain are resolved within 6 to 12 weeks (22). Although bed rest, often in 
combination with analgesic medication, is regarded as the principal therapy for acute low 
back pain, little scientific evidence supports the efficacy of this approach. Prolonged bed 
rest can be harmful and may promote chronic pain and disability (25). One study found that 
patients who were prescribed 2 rather than 7 days of bed rest did equally well in terms of 
functional, physiologic, and perceived outcomes. Further, the group for whom only 2 days 
of rest were prescribed missed 45% fewer days of work (26). The role of various types of 
exercise and physical therapy in treating acute lower back pain is even more controversial. 
Evidence is growing, however, to indicate that activity is not harmful for acute back pain 
patients and that an active rehabilitation program and early return to work can improve 
function and reduce pain (22). Surgery is rarely indicated for relief of acute low back pain 
except for a small percentage of patients with unrelenting sciatica. 

Although only 5% of all cases of low back pain are chronic, these cases account for 
approximately 85% of the costs associated with low back pain (27, 28). The available 
statistics on long-term recovery from chronic back pain are discouraging. In general, 40% 
of patients who have been disabled because of lower back pain for 6 months eventually 
recover; this figure drops to only 20% if the disability persists for up to 1 year (29-31). Most 
patients with low back pain are managed conservatively with anti-inflammatory medication 
and an exercise program. The indications for surgical treatment are vague and imprecise. 
Many experts 'would agree that back surgery in this country is performed too frequently, 
with POOl", or at best, equivocal, results. 

Interventions 

Recent studies have emphasized the potential benefits of functional restoration programs 
that emphasize physical reconditioning and pain relief. In these programs, patients are 
educated and counseled in order to enhance their motivation to work and to teach them 
ways to deal with their impairment and avoid further injury. One study found that 87% of 
persons enrolled in a multidisciplinary functional restoration program were actively working 
after 2 years, compared with only 41 % of comparable patients not enrolled in the program. 
The comparison group, moreover, made physician visits at a rate five times higher than the 
treatment group, and twice as many in the comparison group had additional spine surgery 
(32). These results are promising; further evaluation of the costs and benefits of similar 
programs should be given high priority. 

The role of back schools in relieving symptoms and preventing recurrent episodes among 
workers with low back pain needs to be further evaluated. These schools, originally 
developed in Sweden, combine an exercise program with education and counseling on 
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ergonomics (33). Although the effectiveness of back schools has been questioned, one study 
demonstrated that a program at one such school was effective for workers with severe 
chronic pain (34, 35). 

Training 

To improve the medical treatment of back injury, health professionals who routinely see 
patients with complaints of low back pain must have appropriate training in the assessment 
and management of pain behavior (36). Health professionals must be able to integrate and 
coordinate different modalities of care, such as medication, exercise, and surgery. Too 
often, the first physician to evaluate a back patient has had little training or education in 
pain management. Typically, orthopedic surgeons and neurosurgeons are consulted, even 
though surgery is indicated in only 1 % to 2% of all cases. Physiatrists, given their training 
in the management of musculoskeletal disorders and pain, should be more broadly involved 
in the treatment of back pain. 

Other factors besides medical treatment play important roles in a patient's recovery from 
back injury (20). Among the factors shown to affect the outcome (including the extent and 
rate of return to productive work) are the patient's educational background and vocational 
resources, other personal and psychosocial factors, and the type and security of the job the 
patient held when injured. Some researchers believe that the type and amount of compen­
sation received influence a patient's return to work, although the few studies that have 
addressed these issues report conflicting results. The role of income replacement programs 
as work disincentives is complex and depends on numerous factors, including type of job 
and salary, job satisfaction, program rules and procedures, and the willingness of an 
employer to hire persons with disabilities. Workers' compensation programs and laws 
should be reviewed to determine whether they inhibit successful rehabilitation of injured 
workers. More study is needed to determine how multiple factors interact to impede a 
timely return to work after back injury. The Americans with Disabilities Act, which becomes 
effective in July 1992, should help to eliminate employment discrimination for people with 
disabilities. 

Medicine and the allied health professions that focus on occupational rehabilitation are 
fragmented in their approach to service delivery. Occupational or industrial medicine has 
existed for several decades as a recognized medical specialty, but the discipline has not 
grown sufficiently to meet demands for services. Similarly, occupational medicine has not 
been well-integrated with physical medicine, rehabilitation, or orthopedic surgery. 
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Facial and Eye Injuries and Polytrauma 

Significant disability and the need for rehabilitation services are associated with injuries 
other than those in the major categories of SCI, TBI, limb injury, back injury, and burns. 
Most notably, these include injuries to the face and eye. 

Facial and Eye Injuries 

Although injuries to the face and eye are rarely life-threatening, they can result in significant 
temporary or permanent impairment. Each year an estimated 85,000 people are hospital­
ized for treatment of a significant injury to the face or eye (37). Eye injury is the primary 
diagnosis in 33,000 hospitalizations (38). An additional 9 million injuries occur that result 
in treatment on an outpatient basis or result in one or more days of restricted activity (Ellen 
MacKenzie, The Johns Hopkins University, unpublished data, 1990). Impairments result­
ing from these injuries include disfigurement (scars, deformities of the face and jaw, missing 
or maloccluded teeth), visual impairment and blindness, chronic obstructed nasallacermal 
passages or chronic sinusitis, anosmia (loss of sense of smell), and impairments such as 
difficulty chewing or temporal mandibular joint arthritis. 

Of particular importance in terms oflong-term impairment and disability are ocular injuries, 
an important cause of blindness and vision loss in the United States. Although good 
information about the consequences of these injuries is unavailable, estimates ofthe number 
of people visually impaired as a result of ocular trauma are as high as one million, nearly 
80% of whom are blind in one eye. Eye injury is the leading cause of monocular blindness 
in the United States and is second only to cataracts as the most common cause of visual 
impairment (39). Although no segment of society escapes the risk of eye injury, eye injuries 
are especially frequent among young adults, with 64% of all ocular trauma occurring to 
persons younger than 30 years of age (U.S. Eye Injury Registry, Birmingham, AL, unpub­
lished data). 

There is much controversy about the leading causes of ocular injuries. Some studies focus 
on injuries in the home, during sports, at work, or resulting from motor vehicle crashes; other 
studies point out that assault accounts for a significant proportion of eye trauma (38, 39). 

Little is known about the long-term functional consequences of eye trauma. Severe visual 
impairment often affects ability to read, drive, walk, pursue hobbies and sports, and interact 
socially because of their difficulty in recognizing and acknowledging friends and because of 
their concerns about their appearance. 

Although significant strides have been made in developing aids and devices to assist people 
with visual impairments, programs and policies must ensure that this technology is finan­
cially accessible to all who need it. Research is needed to further evaluate artificial vision 
devices for the blind. Rehabilitation services for the visually impaired must emphasize the 
importance of creative job placement - that is, taking advantage of individual skills and 
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talents as opposed to placing people in stereotypic jobs for blind and visually impaired 
people. We need to give special attention to equipping the person with visual impairment 
with the skills necessary to undertake activities of daily living such as working and driving, 
to providing adequate services for families of injured patients, to developing creative 
rehabilitation programs, and to researching the prevention of ocular injuries. 

Poly trauma 

Many injured persons are best categorized as poly trauma patients, (i.e., patients who sustain 
injuries to more than one body system). Because combinations of injuries among poly­
trauma patients vary, the rehabilitation strategies required are varied and complex. 

Multiple injuries occur most frequently as the result of motor vehicle crashes. Approxi­
mately half of an people injured as the result of police .. reported crashes had multiple injuries. 
The average number of injuries is 2.5 per injured person. 

For polytrauma patients, physicians often have difficulty deciding which is the primary 
injury. For example, which specialized services are most appropriate for SCI or TBI if a 
person has both? Recent studies suggest that more than 80% of patients with severe TBI 
also sustain injuries to other body systems (6). The frequency of problems associated with 
managing selected conditions in poly trauma patients has not been adequately determined. 
Poly trauma injuries often associated with TBI include fractures to the spine and extremities, 
soft tissue injuries to the chest and abdomen, and peripheral nerve injuries (1). About 10% 
of all SCI patients have an associated TBI. Associated injuries in TBI patients, especially 
skeletal fractures, complicate recovery and result in greater disability. 

One organizational problem occurs when people with severe primary injuries in an organ 
system and relatively minor TBls or SCls are not referred for rehabilitation services by 
trauma specialists who are intent on managing the primary injury. Recent evidence has 
suggested that up to half of patients with SCI may also sustain a mild head injury. Patients 
need to have these mild head injuries diagnosed and rehabilitation therapy set up to ensure 
optimal recovery and quality of life. 

Little is known about the effects of general debilitation and associated cardiovascular and 
neuromuscular deconditioning that can occur in multiple trauma patients with severe 
injuries to the abdomen and thorax. Although advances have been made in techniques for 
nutritional support of patients who have severe abdominal injuries, objective measurements 
are needed to assess the relative importance of maintaining optimal nutrition and its effect 
on rehabilitation goals. 
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Few trauma programs routinely include rehabilitative services, except for patients with 
specific injuries such as TBIs and SeIs. Several organizational problems within the health 
care system contribute to the lack of routine referrals for rehabilitation services for patients 
with poly trauma injuries, although many of these patients will have long-term disability and 
could benefit from comprehensive medical rehabilitation. 
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Where We Want To Be 

Introduction 

Rehabilitation after injury can greatly improve a patient's chance of achieving optimal 
health, personal autonomy, and reemployment; rehabilitation techniques mitigate impair­
ments, reduce residual disabilities, and help the patient maintain function. Unfortunately, 
rehabilitative services are not available throughout the country, nor are all services accessi­
ble financially to all who need them. Some clinical rehabilitation therapies have been 
inadequately evaluated, and others are determined by the cost to third-party payers rather 
than efficacy. Although great progress has been made in developing and delivering reha­
bilitative services, many improvements are still needed. Everyone, especially children and 
the elderly, must benefit from currently available rehabilitation techniques; and research, 
both basic and applied, must be financially supported. Our goal is to establish, by the year 
2000, a cost-effective system of rehabilitation care that will permit an injured person with 
a disabling injury to achieve optimal health, personal autonomy, and an independent, 
noninstitutional lifestyle. A cost-effective system of rehabilitative care will help achieve an 
important objective of Healthy People 2000, namely the reduction of secondary disabilities 
as a result of head and spinal cord injuries. 

To develop this ideal system of rehabilitation care, we have recommendations in six major 
areas: basic science research, injury and rehabilitation surveillance, information dissemina­
tion and technology transfer, rehabilitation services capacity, health services research 
models, and training. Financial support for implementing these recommendations must 
come from public, philanthropic, and corporate sources. These recommendations should 
be addressed through a collaborative and interdisciplinary effort by clinicians, researchers, 
public health practitioners, patients and their families, policymakers, and the public. 

Basic Research 

The knowledge base on which injury rehabilitation rests is too small. Support of research 
in the basic mechanisms of tissue function and dysfunction is essential to provide a basis for 
understanding and applying rehahilitation therapies. Recently, the National Institutes of 
Health (NIH) convened a group of more than 100 experts in rehabilitation medicine, 
behavioral and social sciences, allied health, nursing, and health services research to help 
determine what research is needed to build a strong foundation for rehabilitation services. 
The resulting task force report recommended that a solid program of basic science research 
and outcome research needed to be developed. In addition, research must be undertaken 
to validate outcomes associated with new and old forms of treatment. Recently, the 
National Center for Medical Rehabilitation Research was established within the NIH to 
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develop a program of basic research in rehabilitation. We strongly endorse the recommen­
dations of the NIH task force report and the establishment of the National Center for 
Medical Rehabilitation Research and recommend establishing a cohesive research pro­
gram in all areas of injury, ranging from basic science to ways that persons with injuries 
can function in the community. 

Injury and Rehabilitation Surveillance 

To develop an effective system of rehabilitative care, we need objective evaluation of 
preventive strategies and clinical management. Sound decisions about clinical care strate­
gies, preventive interventions, and cost and treatment options depend on developing 
measurement systems that generate a population-based, patient-oriented data base that 
contains information on etiology, risk factors, treatment, and outcome. The field of reha­
bilitation has been hampered by lack of objective tools with which to measure outcomes. 
We recommend developing a clinical care data base from the records of all injured people. 
The data base would include epidemiologic information on etiology, risk factors, treatment, 
outcomes, and costs. Developing this data base will require (a) innovative approaches to 
collecting data from health departments, hospitals, trauma centers, private care providers, 
and patients, and (b) improved cause-of-injury codes in patient records. Specialized regis­
tries; mandatory reporting; and evaluation of insurance, medical examiner, and coroner data 
will be needed. Issues such as confidentiality, participation, and data linkage also need to 
be addressed. Despite the difficulty in collecting these data, we must make every effort to 
do so, because they are necessary to evaluate the effectiveness of various therapies, to 
establish the direction for research aimed at prevention, and to reduce secondary compli­
cations. 

Information Dissemination and Technology Transfer 

For rehabilitation programs to be successful, up-to-date knowledge must be available to the 
providers of rehabilitation services, to persons with disabling injuries, to families of injured 
persons, and to the community, We believe strongly that the transfer of information from 
the researcher to clinical and public health programs and to the general public is critical to 
the development of our proposed model system. In addition, information about gaps in 
knowledge, effective and ineffective strategies, and new and emerging problems must be 
made known to the researcher. Information about successful patient- and community-based 
prevention and care strategies must be shared with injured persons, their families, and their 
medical providers. We recommend that high priority be given to information dissemination 
and technology transfer among researchers, clinicians, health providers, injured persons 
and their families, and the community. 
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Increased Capacity for Rehabilitation Services Delivery 

At virtually every level, rehabilitation services are insufficient to meet the needs of injured 
Americans. This problem has two aspects: geographical distribution of services and their 
afford abili ty. The development of Model Spinal Cord Injury (SCI) Care Systems during the 
past two decades demonstrates that effective systems of care can be provided by using 
existing clinical and prevention knowledge. In these model systems, cooperative, integrated 
systems of care have made rehabilitative medical services more readily available. We 
propose that systems of care be developed for people with any injury that produces 
significant limitations in function and that the effectiveness of these systems be evaluated. 
Groups using innovative approaches to delivering rehabilitative care, such as home care 
agencies, public school systems, independent living centers, and state agencies for vocational 
rehabilitation, should be encouraged and their effectiveness in delivering rehabilitation 
services should be objectively evaluated. Guidelines for clinical rehabilitation of injured 
patients will be developed from these models and can serve as the basis for intervention at 
all treatment facilities. 

Research on Clinical and Health Services 

Many interventions outside the medical model play vital roles in the outcomes and quality 
of life of people with disabilities. We recommend that health systems research models, 
incorporating a variety of innovative and traditional approaches, be used to address issues 
such as access to and payment for services, the cost-benefit analysis of rehabilitation 
services, reemployment training and back-to-work incentives, and combinations of tradi­
tional and nontraditional rehabilitation services and therap~utic methods. 

Training 

There are shortages of trained medical, allied health, and nonmedical personnel in medical 
rehabilitation. We strongly believe that more trained personnel are needed in all areas of 
rehabilitation (including research, clinical care, and personal services) to ensure the 
development of model systems of rehabilitative care. This training should be at the 
medical-student, resident, and fellow levels. Nursing, behavioral s(~ience, and allied health 
programs should include general and specialized training in injury rehabilitation, and 
continuing education in rehabilitation should be provided to medical practitioners. Attract­
ing and training nonprofessional staff members is also important. A specific critical need is 
the development of formal methods to train, support, and certify personal care attendants 
and other nonprofessional care providers who are vitally important to the continuing success 
of rehabilitative efforts for persons who can never achieve physical independence in daily 
living activities. Special training for family members of injured persons also needs to be 
addressed. 
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By strengthening these six areas, our goal of creating a cost-effective system of rehabilitative 
care can be achieved in this decade. Achieving that goal, however, will be difficult and costly, 
but we strongly believe that a cooperative and well-planned approach can achieve much 
and ultimately be worth the cost. 
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How We Get There 

Introduction 

Three issues relating to evaluation impede the development of model systems of rehabili­
tation care: (a) the absence of objective methods for measuring functional recovery, (b) the 
lack of suitable comparison groups, and ( c) the sheer complexity of clinical care evaluation 
studies. 

There are few objective measurements of functional recovery. Such measurements have 
many uses for researchers studying cost-effectiveness, designing optimum mixes of inpatient 
and outpatient rehabilitation services, or measuring the effectiveness of various interven­
tions. Measurements of functional recovery should be on three levels: 

• Motor, cognitive, and sensory impairment. The rehabilitation field needs practical 
clinical measures of motor, cognitive, and sensory impairments that are sufficiently 
sensitive to changes and that produce results with practical meaning for clinicians and 
patients. 

• Functional capacity. Functional capacity relates to a patient's general health (including 
cardiopulmonary fitness, cognitive ability, and pain) and to neuromuscular impairments 
of strength, joint mobility, and control. 

• Functional performance. Functional performance involves the injured person's activi­
ties and is related to the severity of impairment and functional capacity. It is also 
influenced by environmental, cognitive, and emotional factors. 

To build functional capacity, many rehabilitative services use physical restoration tech­
niques, skill training, and education. In comprehensive medical rehabilitation programs, 
however, an interdisciplinary approach is used to address all aspects of physical health and 
environmental, psychological, and sociocultural factors that build functional performance. 

Semiobjective measures of functional performance, such as ordinal scales for scoring a 
patient's ability to complete common activities of daily living, were first developed more 
than 20 years ago. Recently, however, the Functional Independence Measure (FIM) has 
been developed (40), and it may prove capable of measuring the effectiveness of many 
rehabilitation strategies. FIM's validity, reliability, and usefulness in cost-effectiveness 
studies have yet to be fully determined. Ways to assess the functional demands of a task 
and an individual's capacity with regard to that task need to be developed. Measuring the 
functional capacity of children is particularly challenging, since their functional capacity 
changes with development. 
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Another constraint to conducting and interpreting the results of outcome studies is the 
dearth of suitable comparison groups. Acquiring comparison data on a sufficient number 
of patients who received fragmented or potentially inadequate rehabilitation services has 
not been possible. One way to obtain suffident comparison data would be to mandate a 
national surveillance system whereby all cases would be reported to a governmental or 
research organization not concerned with clinical service. Such a system may also resolve 
similar problems with longitudinal follow-up of populations with injury-related disabilities 
over their lifetime. 

Three other problems encountered in studies to measure the effectiveness of various forms 
of rehabilitative care involve the sheer complexity of such studies. The first problem is the 
difficulty, already noted, of establishing a comparison group. Referral of patients to 
specialized or general centers involves many factors, such as the patient's ability to pay and 
the accessibility to such centers. Those factors can influence the numbers and types of 
patients in treatment and the makeup of the comparison groups. Second, because of existing 
payment systems, patients may receive care in a variety of settings that range from optimum 
to minimum standards of care. Finally, the evaluation of rehabilitation outcomes may 
require long-term follow-up studies of up to 10 to 20 years of continuous observation. These 
studies are costly and logistically complicated. 

Specific Recommendations 

Several federal agencies currently have programs concerned with rehabilitation services and 
research. Among them are the National Institutes of Health, the National Council on 
Disability, the National Institute of Disability and Rehabilitation Research, the Centers for 
Disease Control, the Agency for Health Care Policy and Research, the Department of 
Veterans Affairs, the Food and Drug Administration, and the Health Care Financing 
Administration. Other public organizations such as the Institute of Medicine, the National 
Head Injury Foundation, and the American Spinal Cord Injury Association are intensely 
involved in issues related to care, research, and policy on rehabilitation. Although this list 
does not include all groups involved in rehabilitation, it demonstrates that there is indeed a 
broad national interest in rehabilitation. 

In making the following recommendations, the panel believes that some may be ideally 
carried out by one, several, or all of the agencies listed previously. Recommending which 
organization(s) should undertake these activities is, however, beyond the scope of this panel. 
We suggest that consideration be given to developing an intergovernmental committee to 
coordinate the implementation of these recommendations. 
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Basic Research 

• Address and appropriately support research on injury conditions that require rehabili­
tation. 

• Consider increases in research budgets of federal agencies to support significant, long­
term, basic research studies of rehabilitation issues such as central nervous system 
regeneration, mechanisms of both normal and injured tissue function, and the impact of 
pharmacological agents on healing, pain, and bone biology. 

Injury and Rehabilitation Surveillance 

• Establish a longitudinal population-based surveillance system to determine the inci­
dence, prevalence, etiology, and risk factors for specified impairments, functionallimi­
tations, and disabilities resulting from injury. This surveillance system should be 
designed as a partnership of federal and state public health and research practitioners, 
clinical research facilities, and rehabilitation agencies. 

• Draft model legislation to mandate state-based public health surveillance of injuries that 
result in disabilities. Link this system to existing trauma registries and include relevant 
information on rehabilitation. Give special consideration to models for surveillance that 
can be supported by revenues generated from special-use taxes, such as those on 
cigarettes or alcohol. 

• Develop a burn surveillance system to link causal and short- and long-term outcome 
information. This system would require the close cooperation of health departments, 
burn centers, and rehabilitation facilities. 

• Conduct a national survey of persons with disabilities to collect more detailed informa­
tion on injury-related disabilities. 

Information Dissemination and Technology Transfer 

• Develop and fund a cooperative effort to transfer research information among govern­
ment agencies and private agencies involved in rehabilitation. Focus on collecting 
current and pertinent basic, applied, and clinical research findings and disseminating 
them to clinicians and other health care providers. 

• Develop a coordinated approach to educate third-party payers about the complex 
rehabilitation needs of injured patients. 

• Develop and implement a strategy to improve the quality of published rehabilitation 
research reports. Various professional associations concerned with rehabilitation serv­
ices should work to improve the peer-review process, evaluate research protocols, and 
provide support for collecting rehabilitation information. 

• Develop resource and information guides for persons with injuries so that those who 
need rehabilitation and their families can have a better understanding of the latest 
research and services provided by comprehensive rehabilitation. 
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• Hold consensus conferences supported by various professional associations to develop 
minimum clinical treatment guidelines for each major area in injury-related rehabilita­
tion. Make these guidelines available to persons with disabilities, the clinical care 
community, and the general public. 

Increased Capacity for Rehabilitation Services Delivery 

• Support nontraditional models for providing rehabilitation services such as independent 
living centers, improve training and referral systems, and provide more personal care 
attendants. 

• Develop model burn injury centers similar to model SCI and TBI centers. 

• Develop a system for the uniform delivery of personal assistance services. This system 
should, at a minimum, serve all people of any age, regardless of income, include respite 
and emergency assistance care, not create disincentives to employment, and have a 
training component for consumers, personal care attendants, payers, and administra­
tors. 

• Consider increasing the funds for model SCI and TBI systems of care to demonstrate 
that rehabilitation care for specific disabilities can be made universally available 
throughout the United States. 

• Establish disability and injury prevention programs in each state health department. 

Research on Clinical and Health Services 

• Increase support for clinical research and clinical trials on improved approaches to 
comprehensive rehabilitation. This research should focus on injured persons of all ages 
and should include an examination of early rehabilitative interventions and the contri­
butions made by all rehabilitation-related professions such as physiatry, physical therapy, 
clinical psychology, social work, and dentistry. 

• Conduct population-based and longitudinal studies to better establish the prognoses and 
medical rehabilitation needs of patients with traumatic brain injury, spinal cord injury, 
and burns. 

• Develop an inventory of all rehabilitation facilities to determine their location, the 
population served, and disease categories dealt with. Consider ways to upgrade facilities 
with the goal of making them model treatment centers. 

• Fund research and demonstration projects that focus on strategies to enhance living with 
the long-term consequences of disability. Include important psychosocial components 
such as stress management, psychosocial integration into the community, vocational 
guidance and training, and independent living services (e.g., personal care attendants, 
peer counseling, and transportation). 
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• Support research to assess the strengths and weaknesses of various service delivery 
models for providing designated services to persons disabled because of injury. 

• Initiate research on alternate models of health care and rehabilitation services that could 
complement traditional medical models. 

• Identify new research paradigms and statistical methods to assess the complex interac­
tions among multiple impairments, functional limitations, and disabilities. 

• Support research of secondary conditions that develop after the acute phase of rehabili­
tation and throughout the lives of people with residual disabilities. Such studies are 
needed to understand the long-term sequelae of injury, the outcomes of rehabilitative 
services, and what new services (such as health promotion), if any, are needed to enhance 
the health, productivity, and quality of life of persons with disabilities. 

• Develop a strategy to evaluate national health care funding mechanisms for rehabilita­
tive services, especially with respect to the needs of persons who are disabled because 
of injury. Consider developing guidelines or single points of access that would meet the 
lifelong needs of these people. 

• Induce third-party payers such as workers' compensation programs, insurance provid­
ers, and Medicare and Medicaid programs to support service demonstration programs 
that permit people with disabilities to maintain eligibility for Social Security and Supple­
mental Security Income after they return to work. 

• Adopt the nomenclature recommended by the Institute of Medicine in its report, 
Disability in America: Toward a NationalAgenda for Prevention. The report describes a 
model with four related but distinct concepts: pathology, impairment, functionallimi­
tation, and disability. 

Training 

• Add courses on caring for people with disabling injuries to the curriculums of nursing, 
physical therapy, and occupational therapy schools. 

• Include the principles and practices of rehabilitation in the training of physicians, 
especially of physicians involved with people requiring acute care for burn or extremity 
injuries. 

• Increase support for predoctoral and postdoctoral training for people who wish to 
specialize in the clinical and research aspects of rehabilitation services. 
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