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INTRODUCTION

This report provides current information on the severity of
injuries in motor vehicle accidents, and analyses of methods for
creating accurate injury-severity estimates in the future. The
resear ch findings are intended to answer three basic questions:

1. What method of injury classification is
preferred to provide a precise measure of
injury severity for use in quantitative

comparisons of motor-vehicle accident
injuries?

2. What methods of data collection are preferred
for making accurate national accident injury
estimates and relating degree of injury to
spccific accident types?

3. What are the detailed procedures and costs
required to carry out the preferred methods
of data collection, and what are the amounts
of data and estimation accuracies that can be
provided?

Results were obtained through a system study of a large num-
ber of alternat.ve data-collection plans with a variety of potential
injury-severity aeasures. Based on the findings, recommendations
are presented as guidelines for policy decisions to implement

future accident-injury estimation programs,

MEASURES OF INJURY SEVERITY

Two measures of injury severity are currently used in highway
safety analysec ¢f injuries in motor-vehicle accidents. The most
common is the ''standard police scale", which has been used for
many years on a large number of official state accident-report
forms. The new Abbreviated Injury Scale (AIS) has been used in
an increasing number of special studies in recent years.

The police scale has five code levels (K, A, B, C, O) signi=-
fying killed, scvere visible injury, minor visible injury, complaint

of pain, and none, respectively. Other terminology is used for the



three injury levels - A,B,C,- in some states. The National

Safety Council is recommending standardization of these three
levels under the titles '"incapacitating injury", '"nonincapacitating
evident injury", and ''possible injury'. At present,however, there
is a great deal of non-uniformity in policies as to injury-severity
reporting among police agencies, and there is a great deal of
inaccuracy of reporting due to different interpretations of the
police codes, poor accident-investigation training, an< other de-
mands at accident scenes.1 Hence, the standard police scale is

not a good injury-severity measure,

The AIS has been developed within the last few years by the
American Medical Association '"to provide a more definitive clas-
sification system for traumatic injuries particularly those caused
by automobile collisions."2 The AIS has eleven code levels: 0 for
no injury, 1-5 for various injury severities, and 6-1C for various
fatality causes. The five injury levels are described as minor,
moderate, severe (not life-threatening), severe (life-threatening,
survival probable), and critical (survival uncertain), respectively,
Each category is defined by a list of the specific injuries which
correspond. Thus, though the five AIS injury levels are clearly
defined, they must be applied by people with training in injury
diagnosis. Tests have shown reasonable accuracy and reliability
in AIS application, even by non-physicians.2 However, use of AIS
is not widespread, and it probably will not replace the police

scale,
Another injury-severity measure is used in the national

Health Interview Survey, conducted by the U.S. Public Health
Service. The three injury categories are "medically a<tended,

without activity restriction"™; "activity restricting, not bed

Acquisition of Information on Exposure and on Non-Fatal
Crashes, Volume II, Highway Safety Research Institute,
May 12, 1971.

Field Application and Research Development of the Abbre-
viated Injury Scale, J. States, H. Fenner, E., Flamboe,
W. Nelson, L. Hames, Society of Automotive Engineers
Report 710873, 1971,
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disabling'"; and '"bed disabling'. In addition, the number of days
of restriction or .disablement are obtained. These data are col-
lected in precise household samples, and are quite accurate and
reliable. However, they cannot be related to characteristics of
their corresponding motor-vehicle accidents, other than moving
versus non-moving. In addition to the restriction and disablement
categories, the survey data are sometimes categorized by days of
hospitalization, lost work, or lost. school time.

Besides the police scale, AIS, and health survey codes, it is
often suggested that injury severity may be measured in terms of
dollar costg3 Costs may be assigned to injuries mot only for
medical expenses but also for lost wages and projection of indirect

losses due to reduced productivity.

NEEDS FOR INJUK. SEVERITY DATA

At the present time there are no adequate national statistics
available concerning the occurrence of injuries in motor-vehicle
accidents, either in terms of frequencies or degrees of injury.
Current frequency data is biased due to pronounced under-reporting
of minor injuries. In the few sets of usable accident data which
include the police scale, degree of injury is not precisely clas-
sified. Thus, tnere is no ready way to provide meaningful and pre-
cise estimates of injury data for use in research or informing the
general public.

The true effectiveness of traffic safety efforts can be pro-
perly assessed only when injuries are described so as to permit
a quantitative ..casure of change in injury occurrence resulting
from traffic saiety efforts. Hence, it is important to provide
accurate statistical information that relates injuries and injury-
severity levels to adequately classified details of crash situations.
Some efforts have been made in this area in previous studies but

more needs to be done.

Societa. Costs of Motor Vehicle Accidents, Preliminary
Report, U.S. Department of Transportation, April 1972.
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OBJECTIVES OF THE STUDY

In order to meet the needs stated above for injury-severity
data, either a short term or long-term approach may be used. The
short-term approach would use currently available data from a
variety of sources and adjust it as necessary through extrapolations
and other assumptions. The long-term approach would start by
designing a new system for collecting and processing nzcessary
injury accident data.

Based on the long-term approach, the primary objective of

this study is to determine future methods for data collection and

estimation of national statistics on the relationships between

injuries and motor-vehicle accidents. The three basic questions

stated at the beginning provide further detail of this objective.
The results obtained with respect to this objective will indicate
methods that should be ..used in the future for improved accuracy
in injury counts and degrees of injury,; implementation of the
methods will set the stage for proper evaluation of countermeasures--
for both accident prevention and loss reduction.

Based on the short-term approach, a secondary okinctive of

the study is to obtain current data on motor-vehicle =ccident

severities and injuries as a function of crash characteristics.

Results obtained with respect to this objective will provide data
that reflects current ability to estimate accurate injury counts

and degrees of injury.

ORGANIZATION OF THE REPORT

Following this Introduction are the three main sections of
the report: Methods of Injury Classification
Methods of Accident-Injury Data Collection

Procedures and Scope of Dat a Collection Programs

The three sections correspond to work-statement tasks 3, 4, and 5
respectively. (Task 6 is also covered implicitly by the third of

these sections as a result of the findings).
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The Appendices include the results of Tasks 1 and 2, which

were previously issued in an interim report,

SUMMARY

Several alternative injury-severity measures were defined
and evaluated in terms of objective criteria. The Abbreviated
Injury Scale (AIS) was selected.

A large number of data collection combinations (independent
severity measures, injury data methods, and accident data methods)
were derived ana evaluated, using practical criteria and cost
estimates. Thircteen final alternatives were narrowed to two recom-
mendations; each using both AIS and Days of Activity Restriction
as injury severity measures. One plan uses a national sample of
hospital emergency rooms for injury data, followed by retrieval of
corresponding accident reports; an auxiliary sample of injuries
from the Health Interview Survey is used to properly weight the
AIS distributio 3. The second plan uses a sample of accident
records from ali-states, followed by interviews to obtain injury
data.

In the emergency room plan, injury data would be obtained
from the existing National Electronic Injury Surveillance System,
and additional staff procedures would emphasize liaison with local
police jurisdici.ons to obtain accident data. In the other plan,
samples of acciccat reports would be obtained through the cooperation
of state driver-records officials, and additional staff procedures
would emphasize mail, telephone or household contact with injured
persons identified on the accident reports. In each case, a sample
size of 10,000 1s desirable, and the annual cost would be between
$300,000 and $4G0,000.



METHODS OF INJURY CLASSIFICATION

This section describes the studies performed to determine what
method of injury classification is preferred to provide a precise

measure of injury severity for use in quantitative comparisons of

motor-vehicle accident injuries., Initially, several alternative
measures were defined and evaluated in an idealized «ense, i.e.,
independent of data collection methods. Later, the results were
verified in evaluation of comprehensive data-collection plans which

included specific injury-severity measures.

ALTERNATIVE INJURY SEVERITY MEASURES

Guidelines for posing alternative injury-severity measures were
aimed at two audiences: the general public and the hichway safety
research community. Because the ultimate injury statistics must be
used at least partially for public information, it is desirable
that the injury-severity measure itself be meaningful to the general
public. And for research purposes, an AMA guideline was 'to provide
researchers with an accurate method for rating and comparing injuries
received in automotive crashes and at the same time, *to standardize
language used to describe injuries."4

The following injury-severity measures were considered as
alternatives for further evaluation:

1. Standard police scale
Abbreviated injury scale
Days in hospital
Days of lost work or school

2

3

4

5. Days of normal activity restriction

6 Dollar cost of all medical expenses

7 Dollar cost of medical treatment only
8

Loss function

Rating the Severity of Tissue Damage: I. The Abbreviated
Scale, Committee on Medical Aspects of Automotive Safety,
Journal of the American Medical Association, January 11, 1971.
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As explaincd in the Introduction, only the standard police
scale and Abbrev.ated Injury Scale (AIS) are currently used in
highway safety analysis. There are three discrete injury levels
or codes in the police scale, and five in the AIS. 1In each case
the code sequence indicates increasingly serious injuries, i.e.,
C,B,A and 1,2,3,4,5. Because their codes are essentially ordinal
numbers, there is no mathematical relationship implied, e.g., code
4 does not mean twice as serious as code 2. Hence, average severities
are not as meaningtful as usually desired.

The three alternative measures expressed in units of Days are
currently used in the national Health Interview Survey (HIS), but
not for highway safety purposes. For clarity, their values are
cxpressed as full days, e.g., two and a half days in the hospital
would be coded .- 3. In each case it is possible for an injury
to be coded zero (0), e.g., many injuries would not restrict normal
activity. It is also possible for very serious injuries to have
extremely large values on these scales. The three "Days'" scales
are quite unique in that many injuries would have widely different
values on the three scales. However, it was felt that any other
scales using Davs as units would be redundant. Finally, it was
decided that thc three HIS categories mentioned in the Introduction
(medically attended, activity restriction, bed disabling) would not
in themselves comprise a sufficiently precise ordinal scale. Though
the "Days'" scales are discrete scales, meaningful averages may be
obtained within groups of cases.

The last three alternative measures deal with the costs of
injuries on a cc.tinuous scale from zero to very large quantities.

"

The distinction :s made between dollar cost of "all medical expenses

and '"'medical treatment only" to allow consideration of biases due to

varying policies in ambulance charges and length of hospital stay,
while recognizing the difficulty in separating hospital care from
direct treatment. While the Loss Function would be based on

dollar cost, it could be a non-dimensional quantity; it is intended
to account for indirect costs to a person or family, or society at

large (family nursing duties, lost wages, inefficiency, reduced

7



volunteer opportunities, etc.3). Loss functions of varying

complexities could be derived, and in many cases would rely on
average costs of certain components in the function, depending
on societal roles, age, and sex. The three '"cost'" scales are
essentially continuous scales, and average costs may be obtained
within groups. Trends in these scales could be obliterated by

monetary inflation,

EVALUATION OF ALTERNATIVE MEASURES

The first assessment of alternative injury-severity measures
was performed by a process of elimination, wherein each alterna-
tive was considered independently based on general fee’ings
regarding its advantages and disadvantages.

1. The Police Scale is currently in widespread use, and

is automatically combined with the necessary corresponding
accident data of police reports. Thus large amounts of
required data would be very readily available. Though
its existence is unknown to the general public, proper
publicity and naming of its three levels wou3? resolve
this problem. However, the three levels are not sufficient
to provide precision in distinguishing among injuries.
Also, minor injuries are under-reported. Further, the
inaccuracies and biases of the police scale1 would be
extremely difficult to resolve

2. The Abbreviated Injury Scale has been very carefully

designed to provide the potential for very accurate

and unbiased responses by people trained in its appli-
cation. As stated above for the police code, proper
publicity of AIS could make it meaningful to the general
public. Its five injury levels make it more precise
than the police scale, and sufficient for analysis
categorizations. Although it is not adaptable to
collection on mass accident-data report forms, it is

amenable to use in sampling plans which would eliminate

1Op.cit.

3Op.cit.




underreporting biases and interpretation biases of
the poiice scale. However, the AIS does depend on
well-trained personnel, and its cost of data collec-
tion might be significant. Also, the accident data
corresponding to AIS codes might have to be collected
from an independent source prior to combination.

Days in Hospital as an injury scale is meaningful to

the public and reasonably precise in terms of its
fairly wide -- yet essentially finite -- scale length.
If obt.ined from hospital records, its responses
should be quite accurate, and moderately accessible
on a sampling basis. However, the scale is quite
biased in that Days in Hospital will be zero for a
great majority of injuries, including some that might
be considered severe. Thus, most responses would
come :rom people involved rather than hospital records;
and if responses from hospital cases also come from
the people, they would be subject to error because

of memory and time delays following discharge. Acci-
dent data would be collected separately.

Days o Lost Work or School as an injury scale is also

meaniztful to the public and reasonably precise. The
scale is biased because victims of minor injuries often
choose to work or attend classes without interruption,
and because lost time does not apply on weekends or
holidays. Also, many people do not have regular jobs

or attend school, making the scale inapplicable.
Estima-es are obtainable only by contact with the workers
or students. Accident data would probably be collected
separately.

Days of Normal Activity Restriction as an injury scale

would become meaningful to the general public if a
simple definition were included in press releases.

For example, the Health Interview Survey uses ''cut down
on ncrmal activity" which includes not only work and
schoo., but also shopping, play and other recreation,

9



visits and errands. The scale would be more precise

than those for days of hospital, work or school because
it would have fewer zero codes and a slightly longer
range in its distribution. It is also less bhiased by
confounding factors of choice regarding hospital stay

or absence from work or school. However, it is dependent
on the memory of people involved, and a few cases might
still involve activity restriction at the time of data
collection. Again accident data would probably be
collected separately.

6. Dollar Cost of All Medical Expenses as an inijury scale

is very meaningful to the public. Some of %s required
data may be obtainable from hospitals or insurance
records. Its wide scale range provides a potential
for precision, although confounding variables in
certain components of medical expenses (ambulance
distance, willingness to stay in a hospital, insurance
coverage fee, rate differences) reduce the »recision,
e.g. éspecially if the scale is divided intc arbitrary
cost categories. Because there may be several components
of cost, it may be difficult to collect data in cases
where costs are billed from several sources. Cost
estimates by the injured persons would tend to be in-
accurate. Accident data would be collected separately.
7. Dollar Cost of Medical Treatment Only as an .njury

scale should be fairly meaningful to the public on a
relative basis, though some confusion would exist as

to the distinction between '"treatment" and other asso-~
ciated expenses (ambulance, hospital bed and meals, etc.).
Ideally, it would be more precise than the "all medical
expenses" scale because of fewer cost compornents, though
unfortunately some difficulties would probar’y arise

in separating components of hospital bills. One possibility
here is no "treatment" expenses in spite of other '"medical"

expenses. Cost estimates by the injured persons would tend
to be inaccurate. Accident data would be collected separately.




8. A Loss Function as a scale related to severity of

injury would not be as meaningful to the public as

the other cost scales because it would include
indirect costs that would not have immediate personal
relevance (e.g. projected lost wages over long periods).
Because the scale would involve larger dollar amounts
than the other two costs, it might have to be converted
to a non-dimensional scale, allowing further loss

in meaning. Biases due to different wage losses for
the same type of injury would reduce the precision

of the scale. However, meaning and precision in terms
of economic consequences to society would be quite
good. 1In terms of data collection, a Loss Function
would require data from several sources, including
inaccuracies of personal estimates. Accident data
would be collected separately. An example of a loss

functica is given in Appendix A,

In the tentative elimination of alternatives, the first
two to be dropped were the Police Scale and the Loss Function.
The Police Scale was dropped because of its gross inaccuracies
and lack of precision. The Loss Function was dropped because
of the difficult.es foreseen in obtaining necessary data from
several sources, and lack of meaning and precision to the public.

Among the three "Days'" scales, Days in Hospital and
Days of Lost Work or School were tentatively dropped because
they are less precise and more biased that the Days of Normal
Activity Restriction scale.

Of the two "Cost'" scales, Cost of All Medical Expenses was
dropped tentativ.ly because it would be less precise and have more
components than Cost of Medical Treatment Only.

At this point the three leading alternatives as injury-
severity measures were AIS, Days of Normal Activity Restriction,
and Dollar Cost of Medical Treatment Only. However, it was clear
that these results should be considered as strictly tentative
because the assessments had been only subjective, and independent

of specific data-collection plans.
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It was decided that before further evaluations o the

alternative injury-severity measures were performed, some progress
should be made in defining and narrowing the alternative data-
collection plans (see the following section). After considerable
effort, the number of alternative data collection plans was
reduced to thirteen, among which were included just the three
injury-~severity measures of the preceding paragraph: IS, Days

of Normal Activity Restriction, and Dollar Cost of Medical Treat-
ment Only. Among the thirteen plans, AIS was used in five plans,
Dollar Cost of Medical Treatment was used in five plans, and Days
of Activity Restriction was used in three of the plans,

In the course of the evaluations of alternative data-
collection plans, it was determined that the most appropriate
approach toward a recommendation of either an injury-severity
measure or a combination of data-collection methods (injury data
plus accident data), was to select the optimum overall plan
(including a single measure, single injury data method, and
single accident data method, all comprehensively integrated).
Thus, the recommended injury-severity measure would be the one
included in an optimum overall plan.

Meanwhile, it was decided to conduct a quantitative ranking
among the three leading measures above, independent of the data-
collection methods. The purpose of this evaluation was to provide
guidelines for future programs for estimating accident-injury
statistics in case a data-collection plan recommended in the
following section must be supplemented orreplaced. EFE2ach of the
six staff members working on the study ranked the thre~ contenders
1st, 2nd, and 3rd according to general impressions with respect

to the following criteria:

Precision - Ability of the measure to permit clearly distin-
guished groupings or categorizations and meaningful
statistical interpretations.

Meaning - Ease of interpretation of the measure and probable

impact upon the general public.
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Validity - How closely the measure is related to actual
severity of injuries.
Objectivity - Extent to which the measure employs objec-
tive observations rather than subjective
judgments.

Staff evaluators ranked their preference 1, next 2, and
worst 3. The foilowing are the results of the rankings:

Days of Acti- Cost of Medi-
Evaluator AIS city Restriction cal Treatment
1 1 3 2
2 1 3 2
3 2 3 1
4 2 3 1
5 1 2 3
6 2 3 1
Total 9 17 10

The concensus in this tentative, independent evaluation
was AIS first, Cost of Medical Treatment a close second, and
Days of Normal Activity Restriction third. It must be repeated
that these results are independent of the practicalities of
data-collection methods, and they were not considered as criteria
in the final selection of recommended data-collection plans.

As reportec in the next section, two-data collection plans
were selected as final recommendations. Both plans were designed
to permit collection of data for two injury-severity measures--AIS
and Days of Normal Activity Restriction in each plan. 1In one of
the plans, AIS is the only required measure whereas Days of Normal
Activity Restriction is only possible in a secondary sample of
very limited sample size. On this basis, and the concensus for
AIS in the independent evaluation above, AIS is recommended as
the primary injury-severity measure for future programs of accident-
injury statistics estimation.

13



METHODS OF ACCIDENT-INJURY DATA COLLECTION

This section describes the studies performed to determine
what methods of data collection are preferred for making accurate
national accident-injury estimates and relating degree of injury
to specific accident types. 1Initially, several alternative
injury-data collection methods and accident-data collection
methods were defined independently, followed by the determination
of all feasible combinations of injury-data and accident data
methods. Subsequently, it was determined which of the alternative
injury-severity measures were feasible in the context of each
data-collection combination, Alternative data-collection plans
were narrowed down in number by practical considerations, and
finally evaluated by an objective rating system.

COMBINATIONS OF DATA COLLECTION METHODS

A wide range of previously used techniques for data collection
were considered in selecting the alternative methods for obtaining
information, independently, on both injury-severity measures
and motor-vehicle accident characteristics. In addition to past
experience, guidelines included reasonable cost, potential accu-
racy, and applicability to required variables, i.e. to at least
one alternative severity measure or to a typical se® of accident

variables.
The following injury-data collection methods were selected:

1. Emergency Room Sample, using National Electronic Injury
Surveillance System

Household Survey, using National Health Irterview Survey
Accident Report Sample
Accident Reports Corresponding to Injured Persons

g W N

Interviews with Injured Persons




6. Hospital Records Sample
7. Clinic or Physician Records Sample
Hospital Records of Injured Persons

Clinic or Physician Records of Injured Persons

And the foilowing accident-data collection methods were

selected:
1. Household Survey, using National Health Interview Survey
2. Accident Report Sample
3. Accidcst Reports Corresponding to Injured Persons
4. Interviews with Injured Persons

The Emergency Room Sample method would obtain injury-
severity data from the 119 hospital emergency rooms in the
National Electronic Injury Surveillance System (NEISS) sample.
The system is in existence, under control of the Food and Drug
Administration, and it could be augmented by the inclusion of
a new injury mcasure. One disadvantage is a low proportion of
minor injuries. Only those emergency room treatments relating
to motor-vehicle accidentswould be used.

The Household Survey method could be used for either injury
data or accident data, or both. Because of the low percentage
of household mexnbers who have had recent injuries in motor-
vehicle accide .s, and the short time required in each interview,
the cost effic.:acy of this method is poor unless it is combined
with other surveys. The only appropriate existing survey for
this purpose is the Health Interview Survey (HIS) which reaches
42,000 househoids annually. The HIS already includes some injury-
severity data, and it is probably amenable to the addition of
others. The a.xition of accident-related questions would be more
difficult, but .robably possible.

The two metaods using official police accident reports
(Accident Report Sample and Accident Reports Corresponding to
Injured Persons) could also be used for either injury data or

15




accident data. The Accident Report Sample method would require
the establishment of a national sampling plan to provide statis-
tical representation of all regions, perhaps on a state-by-state
basis. 1In the Accident Reports Corresponding to Injured Persons
method, the sample would not be defined from the population of
available reports, but rather, by the identification of injured
persons in one of the other data-collection methods. Both
methods are subject to biases due to varying degrees of under-
reporting among areas, especially with respect to minor injuries.

The Interviews with Injured Persons method is the fourth
one which could be used for either injury or accident data. It
does not define a sample, depending instead on the identification
of injured persons in another data-collection method. Disadvan-
tages include the difficulty in contacting subjects and inaccuracy
of their estimates.

The two methods using hospital records for injurv-severity
data (Hospital Records Sample and Hospital Records of Injured
Persons) would result in data biased against minor injuries,
which are not likely to be treated in hospitals. For the Hospital
Records Sample, the sampling plan would be the means of randomly
identifying persons admitted within a nationally representative
group of hospitals. Hospital Records of Injured Persons would
be obtained for persons identified in an accident-data method.
The two methods using clinic orphysician records are analogous
to the two hospital records methods, except they are more likely
to be biased against serious injuries.

As various combinations of injury-data and accident-data
methods were originally considered, it was apparent ' ~atl many
of them would not work. For example, it is impossible to use
the Emergency Room Sample for injury data combined with the
Household Survey for accident data, because they each define
independent samples, and could not provide a set of cases with

accident data corresponding to injury severity values. Another

impossible combination is Interviews with Injured Persons for




lnjury data auce Accident Reports Corresponding to Injured
Persons, because they each depend on another method for defining
their sample. The 15 workable combinations are indicated

in the two-way charts of Table 1, and listed in Table 2.

In addition to the 15 basic combinations of injury-data
and accident-cata collection methods, it was considered necessary
to establish w.zernative double combinations of data-collection
methods. The grimary reason was to provide means for augmenting
certain of the basic samples which alone would tend to be biased
towards a certain severity of injury or accident, e.g. emergency
room data would have an underrepresentation of minor injuries.
In fact, all but four of the 15 basic combinations have an
inherent undeirepresentation of minor injuries and accidents,
to various degrzes, due to a tendency to forget minor accidents
in the Househoid Survey,underreporting of minor accidents in the
Accident Report Sample, and self-exclusion of persons with minor
injuries from the Emergency Room Sample and Hospital Records
Sample. However, the four combinations requiring Clinic or
Physician Reccrds have an underrepresentation of severe injuries.
All of the dousle combinations of the 15 basic plans were con-
sidered in terms of augmenting their samples to reduce biases,
and 50 double combinations were selected for further review
as indicated in Table 3. These plus the 15 basic combinations
are listed in Table 4.

Several triple combinations were considered, especially
those involvir emergency room data, hospital records, and
clinic or phy:_cian records. None were selected because of the
higher cost, &nd the fact thatthe National Electronic Injury
Surveillance System (NEISS) to be used in the Emergency Room
Sample is expected to be expanded in the future to include

hospital, clin.c, and physicim's office samples.
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Table 1.

a)

Both Methods Define Samples

ANALYSIS OF DATA-COLLECTION COMBINATIONS

Injury-Data Methods
Which Define Samples

Accident Data Methods Which Define Samples

Household Survey

Accident Report Sample

Emergency Room Sample
Household Survey
Accident Report Sample
Hospital Records Sample
Clinic and Physician
Records Sample

b)

Injury Data Methods Define Sample

Injury-Data Methods
Which Define Samples

Accident Data Metho

ds Which Do Not
Define Samples

Accident Reports
Corresponding to
Injured Persons

Interview with
Ini:-red Persons

Emergency Room Sample
Household Survey
Accident Report Sample
Hospital Records Sample

Clinic and Physician
Records Sample

c)

X

X

Accident Data Methods Define Sample

Injury-Data Methods
Which Do Not Define
Samples

Accident Data Methods Which Define Samples

Household Survey

Accident Report Sample

Accident Reports
Corresponding to
Injured Persons

Interview with
Injured Persons

llospital Reconrds of
[t jured 'cr boine

Clinic and Physician
Records of Injured
Persons
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Table 2.

ALTERNAT_VE COMBINATIONS OF DATA-COLLECTION METHODS

Injury-Data
Jollection Method

1. Household Survey

[AS]

Accident Report 3ample

3. Emergency Room Sample

4. Emergency Room Sample

5. Household Survey

6. Hospital Records Sample

7. Hospital Recorc: Sample

8. Clinic or Physician
Records Sample

9. Clinic or Physician
Records Sample

0. Accident Report: Corres-

Accident-~Data
Collection Method

Household Survey

Accident Report Sample

Accident Reports Corresponding
to Injured Persons

Interviews with Injured Persons

Accident Reports Corresponding
to Injured Persons

Accident Reports Corresponding
to Injured Persons

Interviews with Injured Persons

Accident Reports Corresponding
to Injured Persons

Interview with Injured Person

Household Survey

ponding to Iu; ared Persons

1. 1Interviews with Injured

Persons

2. Hospital Records of
Injured Persons

3. Hospital Recor.. of
Injured Persons

4, Clinic or Physician

Records of Injured Persons

15. Clinic or Phys::ian

Records of Injured Persons

Accident Report Sample

Household Survey

Accident Report Sample

Household Survey

Accident Report Sample
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HS/HS

ARS/ARS

ERS/ARCIP

ERS/IIP

HS/ARCIP

HRS/ARCIP

HRS/1IP

CPRS/ARCIP

CPRS/IIP

ARCIP/HS

I1P/ARS

HRIP/HS

HRIP/ARS

CPRIP/HS

CPRIP/ARS



Table 3.
DOUBLE COMBINATIONS OF DATA-COLLECTION METYODS

Plan Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
HS/HS 1 .- m = m e e e e m - oo
ARS/ARS 2 - = = = = e e e e - e e e A
ERS/ARCIP 3 d d = = = = = - = - - - - - -
ERS/IIP 4 d 1 = = = = = = - - - - - -
HS/ARCIP ) 1 2 - = = - - - - - - - -
HRS/ARCIP 6 d d 2 2 - - - - - - - - - -
HRS/IIP 7 d 2 1 - - - - - - - - -
CPRS/ARCIP 8 d d 2 2 2 - = - = - - -
CPRS/IIP 9 d 2 2 1 - -« - - - - 4
ARCIP/HS 10 1 - - - - - -
IIP/ARS 11 1 d d d d - - - - -
HRIP/HS 12 1 d d d 1 - - - -
HRIP/ARS 13 1 d d d 1 - - - -
CPRIP/HS 14 1 d d d 1 1 - -
CPRIP/ARS 15 1 d d d 1 1 -

1 One sample for both methods in combination.

2 Two independent samples in combination

d Dissimilar methods in combination
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Basic
Plans

HS/HS
ARS/ARS
ERS/ARCIP
ERS/IIP
HS/ARCIP
HRS/ARCIP
HRS/IIP
CPRS/ARCIP
CPRS/IIP
ARCIP/HS
11P/ARS
HRIP/HS
HRIP/ARS
CPRIP/HS
CPRIP/ARS

Table 4

Similar
Combinations

HS/HS & ARCIP
ERS/ARCIP & IIP
HRS/ARCIP & IIP
CPRS/ARCIP & IIP
HS & ARCIP/HS

HS & HRIP/HS

HS & CPRIP/HS
ARS & IIP/ARS
ARS & HRIP/ARS
ARS & CPRIP/ARS
ARCIP/HRIP/HS
ARCIP & CPRIP/HS
IIP & HRIP/ARS
IIP & CPRIP/ARS
HRIP & CPRIP/HS
HRIP & CPRIP/ARS
ERS & HS/ARCIP
ERS & HRS/ARCIP
ERS & CPRS/ARCIP
ERS & HRS/IIP
ERS ‘& CPRS/IIP
HS & HRS/ARCIP
HS & CPRS/ARCIP
HRS & CPRS/ARCIP
HRS & CPRS/IIP
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Alternative Data-Collection Combinations

Dissimilar
Combinations

ERS/ARCIP//HS/HS
ERS/I11P//HS/HS
HRS/ARCIP//HS/HS
HSR/I11P//HS/HS
CPRS/ARCIP//HS/HS
CPRS/I11P//HS/HS
ERS/ARCIP//ARS/ARS
HRS/ARCIP//ARS/ARS
CPRS/ARCIP//ARS/ARS
1I1P/ARS//ERS/ARCIP
HRIP/HS//ERS/ARCIP
HRIP/ARS//ERS/ARCIP
CPRIP/HS//ERS/ARCIP
CPRIP/ARS//ERS/ARCIP
I11P/ARS//ERS/1IP
HRIP/HS//ERS/1IP
HRIP/ARS//ERS/11P
CPRIP/HS//ERS/I11IP
CPRIP/ARS//ERS/11IP
1IP/ARS//HRS/ARCIP
CPRIP/ARS//HRS/ARCIP
CPRIP/HS//HRS/11P
11P/ARS//CPRS/ARCIP
HRIP/ARS//CPRS/ARCIP
HRIP/HS//CPRS/I11IP



ALTERNATIVE DATA COLLECTION PLANS

The alternative data-collection plans were derived by consider-
ing the applicability of each injury-severity measure to each of the
65 data-collection combinations of Table 4. Five of the alternative

injury-severity measures were retained for consideration as follows:

AIS

Days in Hospital

Days of Normal Activity Restriction
Dollar Cost of All Medical Expenses
Dollar Cost of Medical Treatment Only

D b W DN

The Police Scale was eliminated because of its gross inaccuracy. Days
of Lost Work or School was eliminated because it doe= <10t apply to a
large part of the injury population. The Loss Functi.n was eliminated
because of the difficulty in obtaining its components from several
sources. In Table 5, the applicability of the remaining five measures
is shown with respect to each of the injury-data collection methods,
with an indication of the source of data (interviewer, subject,
physician or record).

Based on the applicability of injury-severity mersures to data-
collection combinations, there are 131 alternative plans. Table 6
shows the 54 data-collection combinations to which both the AIS and
Cost of Medical Treatment Only are applicable. Table 7 shows the
15 combinations to which Days in Hospital is applicable. Table 8
shows the 4 combinations to which both Days of Normal Activity
Restriction and Cost of All Medical Expenses are app-.~able.

EVALUATION OF ALTERNATIVE PLANS

Evaluation of 131 alternative data-collection plans (Tables 6,
7, 8) was performed in two stages. In the first stage, alternatives
were eliminated from consideration in a series of subjective and
qualitative comparisons. In the second stage, the 13 final alter-

natives were evaluated by means of numerical ratings.
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FEASIBLE DATA SOURCES

Injury Data
Collection
Methods

HS
ARS
ERS
HRS
CPRS
ARCIP
I1IP
HRIP

CPRIP

AIS

interviewer

pi sician
physician
physician
interviewer
ph: sician

physician

Table 5

FOR INJURY SEVERITY MEASURES

Injury Severity Measures

Days
Hosp.

Subject

record

Subject

record
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Days

Restrict.

Subject

Subject

All
Med.
Exp.

Subject

Subject

Med.
Treat.
Only

Subject
record
record

record

Subject
record

record



Table 6

COMBINATIONS USING AIS OR COST OF MEDICAL TREATMENT ONLY

HS/HS
ERS/ARCIP
ERS/IIP
HS/ARCIP
HRS/IIP
HRS/ARCIP
CPRS/ARCIP
CPRS/IIP
1IP/ARS
HRIP/HS
HRIP/ARS
CPRIP/HS
CPRIP/ARS

HS/HS & ARCIP
ERS/ARCIP & IIP
HRS/ARCIP & IIP
CPRS/ARCIP & IIP
HS&HRIP/HS
HS&CPRIP/HS

IIP & HRIP/ARS
IIP & CPRIP/ARS
HRIP & CPRIP/HS
HRIP & CPRIP/ARS
ERS & HS/ARCIP
ERS & HRS/ARCIP
ERS & CPRS/ARCIP
ERS & HRS/IIP
ERS & CPRS/IIP
HS & HRS/ARCIP
HS & CPRS/ARCIP
HRS & CPRS/ARCIP
HRS & CPRS/IIP
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ERS/ARC:™//HS/HS
ERS/I1P//HS/HS
HRS/ARCIP//HS/HS
HRS/11P//HS/HS
CPRS/ARCIP//HS/HS
CPRS/11P//HS/HS
IIP/ARS//ERS/ARCIP
HRIP/HS//7RS/ARCIP
HRIP/ARS//ERS/ARCIP
CPRIP/HS//ERS/ARCIP
CPRIP/ARS//ERS/ARCIP
IIP/ARS//ERS/IIP
HRIP/HS//ERS/IIP
HRIP/ARS//ERS/I1IP
CPRIP/HS//ERS/11P
CPRIP/ARS//ERS/IIP
1I1P/ARS//HRS/ARCIP
CPRIP/ARS//HRS/ARCIP
CPRIP/HS//HRS/11P
11P/ARS//CPRS/ARCIP
HRIP/ARS //CPRS/ARCIP
HRIP/HS//CPRS/11P




HS/HS
HS/ARCIP
HRS/ARCIP
HRS/IIP
[1P/ARS
HRIP/1S
HRIP/ARS

Table 7

CCa.sINATIONS USING DAYS IN HOSPITAL

HS/HS & ARCIP
HRS/ARCIP & IIP
HS & HRIP/HS
I1IP & HRIP/ARS
HS & HRS/ARCIP

Table 8

HRS/ARCIP//HS/HS
HRS/I1IP//HS/HS
I11P/ARS//HRS/ARCIP

COMBINATIONS USING DAYS OF NORMAL ACTIVITY RESTRICTION
OR COST OF ALL MEDICAL EXPENSES

HS/HS
HS/ARCIP
IIP/ARS

HS/HS & ARCIP
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1. The first plans eliminated were all those irc uding

hospital records. It was determined that all were either
unreasonably biased toward very severe injuries, or failed
to contribute significantly to removal of bias in a double

sample combination.

2, All plans involving clinic or physicians reccrds as
the sole source of injury data were eliminated. ‘hese

plans were all heavily biased toward minor injuries.

3. The plans involving clinic or physicians records of
injured persons, along with household survey data or inter-
views with injured persons, were eliminated. In these
cases, the clinic or physicians data would not di=inish

the bias in injury data toward more severe injur:ies.

4. The plans using Days in Hospital and Cost of All
Medical Expenses were eliminated due to lack of precision

and overly large number of data sources, respectively.

5. The double plans with dissimilar combinatior< involving
Emergency Room Sample were eliminated because none of
these plans would provide an improvement in sample bias

with respect to the ERS plans with similar double combin-

ations.

6. The remaining plans with Clinic or Physiciar "ecord
Sample were eliminated because none of them clearly remove

a bias against minor and moderate injuries in their samples.

7. The plans using Interview with Injured Person for
accident data were eliminated because of lesser accuracy
and higher cost than similar plans using Acciden®t Reports

Corresponding to Injured Persons.,.
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8. The pians using both Household Survey and Accident
Reports Corresponding to Injured Persons for accident data
were eliminated because of the inconsistent reliabilities
of the two sources and failure of their combination to

improve upon either alone.

At the conclusic.. of the above steps, there were 13 alternative
data-collectior plans remaining in contention, as listed in Table
9. The criteria used in evaluating the 13 alternatives are listed
in Table 10,

A team of six researchers familiar with the 13 alternative
data-collection plans performed the evaluations. Each team member
derived her or ..s individual rating of each alternative on the basis
of each of the 27 criteria. The ratings were on the scale 1,2,3,4,5
with 1 worst and 5 best. Weighting factors were applied to each
rating, and averages were derived. Results are shown in Table 11.
The four highest rated plans were selected for final evaluation.

In addition to the numerical ratings, cost estimates were also
derived for the Iinal evaluations of the four highest rated plans.
The estimates z_._ plotted in Figure 1 for various sample sizes,
Cost-estimate components are given in Appendix B. The lowest cost
plan is AIS:ERS/ARCIP/ For small sample sizes, the highest cost plan
is AIS:ERS & HS/ARCIP; for samples sizes over 6,000 the AIS:IIP/ARS
plan has the highest cost. Over the whole range, Days: IIP/ARS is
just slightly checaper than AIS:IIP/ARS.

A series ¢. aneetings were held by the research team to reach
consensus on the alan or plans to be recommended among the four final
alternatives. The first discussion was to eliminate AIS:ERS/ARCIP
(in spite of its lowest cost) because of its underrepresentation of
minor injuries aad accidents in comparison to the other three plans.
The next considecration was a possible elimination of either AIS:IIP/ARS
or Days: IIP/AR: based on their only difference, i.e., their respect-
ive injury-seve_ .ty measures. In this regard, it was decided in-
stead to combine the plans, i.e., AIS & Days:IIP/ARS, such that both
AIS and Days of Activity Restriction would. be obtained as injury
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10.
11.

12.

Table 9

Alternative Plans for Second Stage of Evaluati~n

Injury
Measure

AIS

AIS

AIS

Days of Activity
Restriction

Days of Activity
Restriction

Cost of Medical
Treatment

Cost of Medical
Treatment

Cost of Medical
Treatment

AIS
Days of Activity
Cost of Medical

AIS

Cost of Medical

Injury Data
Collection Procedure

Emergency Room Sample

Household Survey
Household Survey
Household Survey
Household Survey
Emergency Room Sample
Household Survey
Household Survey
Interview Injured Person
Interview Injured Person
Interview Injured Person
Household Survey and
Emergency Room Sample
Household Survey and
Emergency Room Sample
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Accident Data

Collection Procedure

Accident Reports
Corresponding to

Accident Reports
Correspc--ing to

Household Survey

Accident Reports
Corresponding to

Household Survey
Accident Teports
Correspor<ing to

Accident Reports
Corresponding to

Household Survey

Acciden*
Accident
Accident

Accident Reports
Corresponding to

Accident Reports
Correspc " :ing to

Injuries

Injuries

Injuries

Injuries

Injuries

Peport Sample
Report Sample

Report Sample

Injuries

Injuries
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Table 10
EVALUATION CRITERIA

Startup time for injury data method

Startup time for accident data method
Compatibil_ .y with existing injury data systems
Compatibil.ty with existing accident data systems
Lack of bias in sample

Randomness of sample

Improvement potential of sample

Injury Data response rate

Accident dc¢.a response rate

Reliability of injury data

Reliability of accident data

Speed of data collection

Efficiency of interaction of injury & accident collection

Continued viability of the plan

Continued existence and accessibility of data sources

Precision c¢i injury data

Precision of accident data

Accuracy of injury data

Accuracy of accident data

Stability of injury variables

Stability of accident variables

Clarity of ajury measure
Representai_.veness of injury measure
Sensitivity of plan to trends
Meaningfulness of injury measure to public

Meaningfulness of units on injury scale

Proportionaiity of injury measure to actual severity
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Table 10a
Weighting Factors for Evaluation Criteria

Grouping Stages

1 3 4
1/2 1/15 1/2 -
1/2 1/15 1/2 -
1/2 2/15 1/2 -
1/2 2/15 1/2 -
1/2 6/15 .1113_ -
1/2 6/15 E&QE_ -
1/2 6/15 2/12 -
1/2 5/15 3/12 1/2
1/2 5/15 3/12 1/2
1/2 5/15 4/12 -lég_
1/2 5/15 4/12 1/2
1/2 5/15 2/12 -
1/2 5/15 3/12 -
1/2 1/15 7/12 -
1/2 1/15 5/12 -
1/2 6/15 5/12 1/2
1/2 6/15 5/12 1/2
1/2 6/15 6/12 1/2
1/2 6/15 6/12 1/2
1/2 6/15 1/12 172
1/2 6/15 1/12 1/2
1/2 4/15 2/12 -
1/2 4/15 6/12 -
1/2 4/15 4/12 -
1/2 5/15 5/12 -
1/2 5/15 2/12 -
1/2 5/15 5/15 -
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Total

1/60
1/60
1/30
1/30
7/60
1/20
1/30
1/48
1/48
1/36
1/36
1/36
1/24
7/360
1/72
1/24
1/24
1/20
1/20
1/120
1/120
1/45
1/15
2/45
5/72
1/36
5/72



tabde 1

EVALUAION RATINGS OF ALTERNATIVE PLANS

Rank Plan No. Measure Injury Data
1 12 AIS Household/
Emerg. Room
2 10 Days Interview
3 9 AIS Interview
4 1 AIS Emerg. Room
5 13 Cost Household/
Emerg. Room
6 11 Cost Interview
7 4 Days Household
8 2 AIS Household
9 6 Cost Emerg. Room
10 7 Cost Household
11 5 Days Household
12 AIS Household
13 8 Cost Household
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Accident Data  Avg.Rating

Acc. Report 3.69

Corresponding

Acc. Report 3.66
Sample

Acc. Report 3.63
Sample

Acc. Report 3.59

Corresponding

Acc. Report 3.50

Corresponding

Acc. Report 3.47
Sample

Acc. Report 3.35

Corresponding

Acc. Report 3.29

Corresponding

Acc. Report 3.26

Corresponding

Acc. Report 3.24

Corresponding

Household 3.23

Household 3.22

Household 3.20



Thousands of Dollars

400

300 4

200 -

100 A

I1IP(Days)/ARS
IIP(AIS)/ARS
ERS&HS/ARCIP

5 10 15

Thousands of Cases

COSTS OF ALTERNATIVE PLANS
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injury measures in the interviews. The resulting cost increases
would be negligible. Similarly, it was decided to add Days of
Activity Restriction to the Household Survey part of AIS:ERS/ARCIP.
Thus, the two final alternatives both would provide two injury-severity
measures.

In discussions comparing the twoc final alternatives, neither
stood out as obviously better. Costs are not greatly different in
the desirable range of about 10,000 cases. As a result the final
decision was to recommend both plans for future accident-injury

statistics estimation:

An Emcrgency Room Sample (AIS data) plus an
auxiliary Household Survey (Both AIS and Days

of Activity Restriction), followed by collection
of Accident Reports Corresponding to the Injured

Persons.
An Accident Report Sample, followed by Inter-

views with Injured Persons (both AIS and Days

of Activity Restriction.)
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PROCEDURES AND SCOPE OF DATA COLLECTION PROGRAMS

The two programs described below are recommended for future

implementation.

EMERGENCY ROOM/HOUSEHOLD SAMPLES AND CORRESPONDING ACCIDENT REPORTS

The basic sample in this plan is derived from the National
Electronic Injury Surveillance System (NEISS), a system sponsored
by the Food and Drug Administration and based on data on injuries
treated in a network of hospital emergency rooms. A secondary
sample of data on motor-vehicle accident injuries would be col-
lected in the Health Interview Survey, a national household survey
conducted by HEW. This secondary sample would be reasonably un-
biased in terms of its distribution of injury severities, and thus
would be used to derive weighting factors for the basic sample
(which would have an inherent underrepresentation of minor injuries).
Accident reports corresponding to injured persons in the emergency
room sample would be obtained by contacting the apprcrriate local
police agencies. The injury severity measure in the emergency rooms
would be AIS, and in the household survey both AIS anc Days of
Activity Restriction would be severity measures.

Established in 1971, NEISS is designed to provide for the
first time a statistically valid means to assess community needs
relative to hazards imposed upon the consumer. This same system
will provide the intelligence for remedial program ev:._.uation both
on a national level and in special ''test" areas.

Data garnered through NEISS will be statistically generalizable
to the national scene and will provide a means to react quickly and
responsibly where special health or safety hazards are detected
as being causally related to consumer products. The cdata for NEISS
will come initially from 119 statistically selected hospital emer-
gency rooms located throughout the nation. These hospitals will
represent all hospital emergency room treatments in the United

States. For each statistically selected hospital, several valid
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aliernates have peen drawn in order to maintain the statistical
integrity of the system. Eventually it is hoped that hospital
in-patient data as well as other treatment eenters will be incor-
porated, to broaden the scope of coverage over a wider range of
severity.

The sequence of NEISS operations begins when an accident
victim comes into the hospital emergency room for treatment of
injuries. The emergency room admissions clerk queries the victim
(or whomever brought in a child or unconscious patient) as to what
product was invcoc.ved in the injury and where the accident happened,
writing this information directly on the emergency room record.

The person on the hospital staff who has been designated and trained
as a code/transmitter reviews the day's records for those injuries
involving consumer products and transcribes coded equivalents for
all relevant data onto a specially designhed code sheet.

At the enc of each day's coding, the coder/transmitter types
the coded data :nto a Western Union model 33 teletypewriter which
has been installed expressly for this purpose. While typing, a
perforated paper tape is automatically punched, containing all the
data on each case. When typing of the coded data is completed,
the operator simply turns off the teletype and loads the perforated
paper tape in a special '"reader'" on the machine.

During the liate night hours of low telephone line traffic, a
special switching device attached to the headquarters computer in
Washington automatically polls each of the 119 hospital based ter-
minals. This device turns each remote teletype machine on in turn,
reads the perforated .paper tape at high speed, edits the data for
completeness anc correctness and records the data in the computer,
The central compater then prepares a daily summary register and
detailed case printouts for headquarters review each morning.

Headquarters staff reviews the summary registers which present
rank-ordered frequency distributions and rank-ordered relative
severity distributions in order to determine changes in injury

rate and invest._ative priorities.
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Products ranking high in frequency or relative severity will
generally constitute priority items. The appropriate records are
consulted for case detail from which individual cases are selected
for investigation. The hospital identification and case numbers
are noted and typed into the headquarters teletype terminal which
relays the information to the computer for later simvltaneous trans-
mission to the appropriate hospital and FDA field terminals. The
FDA field investigator is thus apprised of headquarter's request
for identifying particulars in specific cases and the hospital
personnel re-access the records for name, address and telephone
number of the victim. This information is then given, by phone,
to the FDA field investigator who initiates contact with the victim
(or their family) to request an investigatory visit.

If the victim declines an investigation request, no further
attempt is made to follow up on that particular case. If the victim
grants permission for an investigation she or he is visited at
the earliest practicable time, ideally within 72 hours of the in-
jury. At that point, a comprehensive interview is uncertaken with
concommitant verification of surveillance data, specific identifi-
cation of the product, diagrams, photographs surrounding an acci--
dent are collated to form the investigation report which is then
sent to headquarters in Washington, D.C. for confidential statf
review and analysis.

In discussions with Dr. Robert Verhalen, co-founder of NEISS
within FDA, it was determined that the characteristicé of the system
are such that it would be compatible with a program for collecting
data on motor-vehicle accident injuries on a national scale. This
judgement is based on not only the national representativeness of
the injuries recorded by NEISS, but also the flexibility of the
system to both incorporate a new injury-severity measure and co-
operate with another agency such as NHTSA in the processing and
dissemination of data. Further, the general viewpoir® of personnel
presently associated with NEISS is favorable to expanced use of

the system for a wide variety of injury-related programs.
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With the exception of its injury-severity categories the
procedures of NEISS are fully compatible with a method of injury-
severity data collection from a sample of emergency rooms, as
discussed in the preceding section. Officials in NEISS admit
that their method of categorizing injuries does not provide a good
measure of actual severity. Instead, it emphasizes the number of
external injury points in the body. However it was felt that the
AIS could easily be incorporated into the NEISS system for use in
those cases of motor-vehicle accident injuries which might be
selected for the sample. When NEISS is in full operation, it is
anticipated that data on 720,000 injury cases will be collected
each year, Of these, it is estimated that about 50,000 will be
due to motor-vehicle accidents. Because this is far more than
necessary for accurate national estimates, a secondary stage of
sampling will help to reduce the sample size. This sampling will
probably amount to nothing more than counting all motor-vehicle
accident injuries in each of the 119 emergency rooms, and choosing
every nth case according to an appropriate sampling fraction (e.g.,
every fifth case would provide 10,000 cases per year). The AIS
would be applied only to those selected cases. Another difference
is that AIS values would be determined by a physician, whereas
the current NEISS categories are often determined by the emergency
room admissions clerk., According to NEISS personnel, changes
related to AIS (secondary sampling, physician cooperation, and
new format for the recording forms) can be worked out between FDA
and NHTSA.

Among the advantages of an emergency room sample, with respect
to most of the cther alternatives previously mentioned are its
relatively simp.c sample design, its relatively small number of
data sources, quick access following injury, and proximity of
injury and acciaent data sources. NEISS incorporates all these
advantages, and actually eliminates the necessity of designing a
new sample, thus reducing start-up time and costs to NHTSA. Further

NEISS provides t.e most rapid and efficient means for transmitting
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injury data to a central file. On the other hand, it is clear
that an emergency room sample is the only data-collection alter-
native to which NEISS is applicable; and AIS is the only injury-
severity measure that could be reasonably used within NEISS.

The primary caution about this recommended plan is that it
depends on the continued existence and cooperation of two other
government programs outside of the Department of Transportation.
Both NEISS and the Health Interview Survey are administered within
the Department of Health, Education and Welfare. Not only their
long-term viability but also their routine day-to-day operations
would be beyond the direct control of NHTSA., 1In addition, there
is a possibility that some hospitals presently in the NEISS sample
would balk at the additional data requirements for NHTSA. In that
case, additional hospitals might be recruited by NHTSA solely to
augment the sample of AIS-coded injuries.

The Health Interview Survey (HIS) has been conducted for many
years and presently involves approximately 42,000 randomly selected
households. It is estimated that only about 2400 of the people
represented in the sample have suffered an injury due to a motor
vehicle accident within the year preceding their household inter-
view. In discussions with Dr. Ronald Wilson of the Center for
Health Statistics it was determined that the continuing HIS sampling
plan would be compatible with NHTSA needs for national representation
of motor vehicle accident injuries, and that the HIS staff is
accustomed to periodic adaptations of the survey to special needs
of other agencies. Thus, an AIS question could be added to the
standard form, provided that NHTSA requests the addition at least
a year in advance. Current HIS data already includes Days of
Normal Activity Restriction, but it is limited to the two weeks
prior to the interview. A similar question could be added for
the preceding six months, but any period longer than that lead
to intolerable errors due to interviewees forgetting minor injuries,

Thus, a sample of about 1200 injuries is the maximum to be expected
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from HIS., This is sulficient to provide accurate weighting factors
for the emergoncy room data wilh respect to its distribution of
Als levels,

Accident data for this plan need be collected only for the
cases identified in the emergency room sample. In each case, the
NEISS headquarters will request name, address and telephone number
for victims of motor vehicle accidents who have had their injuries
coded on the AIS. Then, in conjunction with the FDA field staff,
NHTSA personnel will contact the individuals to determine where
their accident occurred, or the location may be obtained by other
means (tracing ambulance driver, etc). The NHTSA staff person
will then contact the appropriate police agency and gain access to
the official accident report, either by phone, mail, or direct
viewing at the police station. Accident variables to be obtained
would probably include most of the following:

number of vehicles involved

location (urban/rural)

accideat severity (injury/fatal)

configuration (head-on, rear, side, roll,

olf road, object, pedestrian)

date axd day of week

time {(daylight/darkness)

road type

vehicle type

age and sex of injured person
Other accident variables could be added for special purposes, e.g.,
seated position, use of restraints, weather, other vehicle types,
model years, nuzper of others killed or injured. Upon receipt of
the accident data, the NHTSA staff will combine it with the AIS
code to provide a complete record for each injury case prior to
data processing.

From the cost-estimates in Appendix B, the feasible sample
sizes of injurea persons in the emergency room sample are shown in
Table 12 in corjunction with four alternative program cost levels
on an annual bas.s., Also shown are the minimum significant dif-

ferences possib.e between groups in two successive samples,
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Table 12

COST, SIZE AND ACCURACY OF EMERGENCY
ROOM SAMPLE PLAN

.95 Confidence

Sample Group Size Minimum Significant

Cost Size in first Sample Difference of Second Sample
$50,000 200 5% 3.01%

10 4,40

20 6.15

50 8.17
$100,000 500 59 2,03%

10 2.90

20 3.99

50 5.9
$200,000 3,000 5% 0.39%

10 1.24

20 1.67

50 2,12
$400,000 14,700 5% 0.41%

10 0.57

20 0.76

50 0.96

The sample size recommended is 10,000 at an annual cost esti-
mated at $320,000, In this case, minimum significant differences
for original group sizes of 5, 10, 20 and 50% would be 51, .67,
.94, and 1.17% respectively. Thus, if a group such as injuries
with AIS=5, were exactly 5% of the sample in one year, a statistically
significant change in that same group would exist if the group

were 5.5% or more of the sample in the following year.

ACCIDENT REPORT SAMPLES AND INTERVIEWS WITH INJURED PERSONS

The sample in this plan would have .to be designed by the pro-
gram staff to provide a national representation of official police
accident report forms. Rather than sampling among all police
agencies, it is recommended that data be collected from all 50
states and D.C., proportional to population, and that the sampling
take place within the central accident files of each of the 51

jurisdictions, Names and addresses of all persons involved in
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cach sampled acerdent would be obtained from the reports, and
contact would be made with these people, primarily by telephone
interview,  In cach interview, enough information would be obtained
to provide an AIS code and the number of Days of Normal Activity
Restriction.

As an existing source of accident data, the composite of
official police accident reports throughout the country are quite
compatible with the basic NHTSA needs for an annual accident-
injury estimation program. Actually, the reports constitute the
only existing source of accident data which provide a reasonable
national represeatation of motor vehicle accident and injury occur-
rence. Though tnis source exhibits a slight bias due to under-
reporting of minor accidents, the same is true of most other acci-
dent data collection methods that could be implemented. Not only
do the accident reports exist they also are clustered by state,
thus simplifying the sampling process. In all states, copies of
local accident reports are forwarded from the various police agencies
to a central ofrice, usually in a department of highways, motor
vehicles, or state police. In some states, the reports are stored
only in hard copy form, but in a growing number of states the
statewide data is compiled in a magnetic-tape computer file.
Sampling of most state files, whether in drawers or computer storage
would be by consecutive counting and selection of every nth case,
based on an appropriate sampling fraction. Though state subsamples
quotas would be proportional to population, the sampling fractions
would vary depending on differences in state accident-reporting
policies, urbanization, geography, etc.

Contacts with state liaison officials would be made by NHTSA
to arrange periodic sampling and transmission of the accident data.
Upon receipt of each segment of the data, names and addresses of
people involved in the accident would be recorded on a master list,
including not only those identifed by the police as injured, but
also all other passengers noted. 1Initial attempts at contacting

these people would be by phone from a central NHTSA staff office.
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For those not contacted by telephone, attempts would then be
made by mail. Finally, a small fraction of the sample would be
contacted by personal visit by an NHTSA field staff member. In
each contact, the basic required information is an AIS code for
the person's injury, and an estimate of Days of Normal Activity
Restriction. For the AIS code, the interviewer would make the
estimate based on the injured person's descriptions of the injuries
and treatment. Days of restriction would be the person's direct
response after explanation by the interviewer. Upon receipt of
injury data for each case, the NHTSA staff will combine it with
the corresponding accident data to provide a complete record for
each case prior to data processing.

From the cost-estimate data of Appendix B, Table 13 was con-
structed, showing feasible sample sizes and corresponding accuracies

at four possible cost levels for an annual program.

Table 13

COST, SIZE AND ACCURACY OF ACCIDENT
RECORD SAMPLE PLAN

.95 Confidence

Sample Group Size Minimum Significant

Cost Size in First Sample Differerce of Second Sample
$50,000 400 5% 2.24%

10 3.22

20 4,44

50 5.80
$100,000 1,500 5% 1.23%

10 1.73

20 25

50 3.00
$200,000 4,600 5% 0.72%

10 1.01

20 1.35

50 1.71
$400, 000 11,200 5% 0.47%

10 0.65

20 0.87

50 1.70
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As in the other plan, the recommended sample size is 10,000
and its annual cost would be about $370,000. Because there will
be approximately 1,5 injured persons in each injury accident, it
will only be necessary to sample around 6,700 accident reports to

obtain 10,000 injury cases,
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1. No program now exists that is satisfactory to provide
accurate, national estimates of motor-vehicle-accident injuries
and injury severities, and their relationship to the accident
characteristics.

2. The need exists for such a program as a means of evalu-
ation of highway safety countermeasures.

3. Within such a program, the need exists for an injury-
severity measure which is meaningful to the general public and
capable of providing precise statistics on injury classification.

4. The standard police injury scale is the only existing
injury-severity measure within mass accident data that is capable
of providing nationally representative injury estimates.

5. The standard police injury scale is inadequate for a
future program of accident-injury data collection because of its
imprecision and gross inaccuracies.

6. Precision of the police injury scale could be improved
by redefinitions.

7. Accuracy of data on the police injury scale could be
improved by standardization of police-agency reporting policies
and better accident investigation training for police.

8. The Abbreviated Injury Scale (AIS) is currently being
used for a limited number of motor-vehicle-accident investigations

for research purposes.

9. Several injury-severity measures based on days (in hospital,
lost work, activity restriction, etc.) are currently used in a
national household survey with a very limited relationship to
motor-vehicle accidents.

10. Among existing and potential alternatives, the AIS is
the preferred injury-severity measure, in an idealized sense,
for future injury data collection programs, It has good precision,
and accuracy potential. Though complex in application, its
outward appearance of simplicity will make it understandabhle 1o

the pllh1 ice.
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11. An injury-severity measure using number of Days of
Normal Activity Restriction is also potentially useful and
acceptable for future programs.

12, A method of injury data collection using a national
sample of hospital emergency rooms is probably the most accurate
among available alternatives, though it would exhibit a
bias against minor injuries.

13. A method of injury data collection using a national house-
hold survey is probably the least biased among alternatives,
though it is relatively costly and subject to error of people's
recollections.

14, Between the two feasible sources of accident data
collection, police accident reports are superior to interviews
with accident v.ctims because the police reports are made immediately
following the accidents by experienced personnel.

15. A method of accident-data collection using a national
sample of accident reports is probably the best means of obtaining
a reliable representation of accident characteristics (in spite of
slight underrepresentation of minor accidents), and hence is an
important alterrative for identifying injured persons.

16. The National Electronic Injury Surveillance System (NEISS)
presently exists as an effective and convenient means of injury
data collection in a nationally representative sample of hospital
emergency rooms,

17. The Health Interview Survey (HIS) presently exists as an
effective and coavenient means of injury-data collection in a
nationally representative household survey.

18. Central accident-data files presently exist in all states
as a convenient.y clustered and potentially effective basis for
nationally representative sampling of police accident reports.

19. Among all alternative plans considered for future imple-
mentation of a national program to provide accurate accident-injury

statistics, two are superior:
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a) A plan using NEISS for AIS injury data,
weighted by the less-biased HIS distribution,
followed up by collection of accident reports
corresponding to NEISS injuries, with Days of
Normal Activity Restriction also collected in
the HIS data.

b) A plan using a sample of accident reports
collected from state central files, followed
by interviews with injured persons identified
in the reports, for collection of both AIS and
Days of Normal Activity Restriction.

Recommendations

1. NHTSA should initiate a national program of accident-injury
data collection and estimation of injury statistics as related to
accident characteristics, on an annual basis,

2, The NHTSA program should implement one of the two plans
described above, in the final conclusion, and in more detail in
the preceding section of the report

3. More details of possible cooperative arrangements with
the NEISS and HIS programs should be investigated before a final
selection is made between the two plans recommended above,

4, More details of the potential for using a national acci-
dent report sample (for purposes other than injury data) should
be investigated before a final selection is made between the two
plans recommended above.

5. The number of injured persons to be sampled in the pro-
gram should be approximately 10,000 to provide sufficient statistical
significance.

6. NHTSA should be prepared to pay between $300,000 and
$400,000 annually for the program,

7. AIS should be considered as a leading contender for an

injury-severity measure in future studies of motor-vehicle-accident
injuries to augment or replace the programs recommended above.

8. Both AIS and Days of Normal Activity Restriction should
be used in future programs if they are both compatible with the

data collection plan.
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for the remainder of the individual's working life. The
contributica of this is calculated using the last term of
the expression for L, where two assumptions are made: that
there are 200 working days per year and that the working
life of the individual stops at age 65.

Some of the parameters for the loss calculation are
put into better perspective by considering the time continuum
on which they run. Above the time line are the critical
events in the situation, and below the line are indications
of where tune significant parameters in the loss equation

are operating.

Leave Return Reach Final 65 Years
Accident Hospital to Work Efficiency 0ld
Time
G————D————J < E I & F )
2 T >

N ! -

To examine the behavior of this model, let us take
some exampie cases. The first is a moderate injury case
in which tune victim is hospitalized for some period of time
and returns to work after 20 days, achieving his full
efficiency 10 days after that time. Some parameters which
will be hel.d constant during this examination are the cost
of ambulance service at $150, the hospital charges per day
at $100, arnd the cost of special medical attential at $500.
For our first instance we also assume that the victim, whos
age is irrclevant, has a daily rate of pay of $50 ($10,000
per year). Figure 1 shows a plot of the loss attributed to
the accident as a function of the efficiency he exhibits
when he returns to work for different length stays in the
hospital. The result is a series of parallel lines. one
for each value of D, the number of days in the hospital.
The differecace between the two end points of each line is s
constant $300 in the total loss, a figure which is exaggerated
due to the fact that a return to work with zero efficiency
is a rather unlikely event. The difference is entirely attri-

butable to the effect of the T parameter, the time it takes
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the victim to go from his initial efficiency to his final

one. A change in the value of T has the effect of altering
the slope of the lines in Figure 1 while preserving the same
value for L at E = 1.0. This is shown by the two dotted lines
in the upper portion of the figure.

We can conclude from Figure 1 that in cases where there
is an eventual return to the level of efficiency existing
prior to tae accident, the greatest influence on the loss
incurred comes from the amount of time spent in the hospital
for relatively high values of the level of efficiency
at the time of return to work. As this initial efficiency
begins to decline, however, it becomes an increasingly
important determinant of the total loss incurred.

The iact of permanent disability is, of course, one
of the ma:in concerns resulting from motor vehicle accidents,
and we can study the effect of this by reference to Figure 2.
This is a plot of the dollar loss resulting from the
accident against the final efficiency (F) attained by the
victim for different age groups. The efficiency at return
to work () was held constant at .50 and the time after return
to work at which the final efficiency was reached is 10 days.
We see that when 100% efficiency is attained there is no
difference in loss due to age, but as the value of F decreases,
age of the victim is an increasingly important factor.

How important the accurate determination of F is to the
loss formulation can be seen by studying Figure 2. An error
in estimation of .2 for F yields a corresponding error in
the loss runction of a factor of 2. For a 40 year old victim,
for example, a determination of = .8 results in a loss of
$52,600 whereas F = .6 gives $102,300. The multiplicative
constant decreases as age of the victim goes up and as the
estimates are nearer to F = 1.0, but it can be seen that
misestimation of this parameter poses a serious problem
for the stability of the final result.
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The most evident conclusion to he drawn from Figure 2
is that the age of the victim plays a large part in the
determination of the loss due to the accident. While this
makes considerable sense in economic terms, as a measure of
injury severity, it does not. The formulation as it stands
is a good description of the financial results of the
accident, but if we want an index which deals more directly
with the injury itself, we would like to eliminate age as
a factor while retaining the concept of permanent loss of
efficiency. A number of methods might be considered for
doing this, all of which involve altering the last term
of the loss equation. Among them are the following:

1) Impose a maximum time (say one year) for which
losses due to permanent disability can accrue. This
method takes the position that after the time limit has passed,
the victim has been retained and is adjusted to his new
position 1n life as a result of the injury. The last term
in the loss equation then becomes (1-F) * P x 200.

2) Assign a maximum loss value for permanent and total
disability, M (say M = $100,000) and replace the last term
of the loss equation with (1-F) * M. This method in essence,
makes a lump sum payment to the victim depending on the
magnitude of his disability.

The results of altering the model for both of the above
methods produce identical results for the standard set of
parameters used in the preceding analyses because of the value
chosen for P ($50 per day) the curve for a 2-year limitation
on disabiiity loss accumulation corresponds exactly to that
for a $20,000 maximum loss for total disability supplied
by the last term in the formula. Similarly for 4 years and
$40,000, etc. It can be seen from Figure 3 that the loss
function rises more rapidly as these values increase with
decreasing values for the F parameter.

If we pursue this idea of attaching a maximum value
to the loss, we must ask what that value should be in order
to remain consistant with other methods of producing these

numbers. The values assigned to the average costs of permanent

53



($1000's)

Loss

i 3
Flgure 6 YR or

Losses as a Function of F (Final $60,000

Efficiency) with E=.5 for different
Cutoff Points for Disability Payment
30, or Different Disability Maximum.

4 YR or
$40,000

L} v Kl

1.0 .9 .8 .7 6 .5
F (Final Efficiency)

54



and total d.sability in a study done by the National Highway

Traffic Safety Administration are as follows:

1. Wage losses $139,000
2. Medical costs 7,800
3. Employer losses 1,000
4, Insurance Administration 4,300
5. Community services 7,000
6. Miscellaneous 200
7. Pain and suffering 50,000
8. Home and family duties 35,000
9. Losses to others 10,000

$254,300

For purposes of our formulation we are interested only in
the first item. The second item, medical costs, is handled
by the first three terms of the formula, and the subsequent
items are not considered at all. For total and permanent
disability both E and F will be zero, making the last two
terms irrelevant. What remains in the calculation of lost
wages, W * P where W now is equal to (65-y) * 200.
Since the NHTSA figure is an average under the assumption
that the useful working life an individual occurs between
the ages of 20 and 65, we may assume that y = 65 - 45/2 = 42.5.
Our formula now tells us that:

L =22,5 % 200 x P = $139,000
and solving for P gives us a daily pay rate of $30.90 or
an average yearly income of about $6,200. We can accept
this as a reasonable figure and use $139,000 as our maximum
wage loss or we can set the yearly income to another figure
and calculate a new maximum.

So far we have looked at the loss function for medium
and high degress of injury, conditions which are important
because of the relatively high cost of these injuries to
the victim and to society. For more frequent, however, are
injuries at the low end of the scale, and we will define
these for purposes of this analysis as those involving no
loss of efficiency, i.e. E (and therefore F) is equal to
1.0. The last two terms of our equation for L drop out,
leaving the only parameters of concern as A, D. H, S, W and P.
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A summary of these low-level injuries is presented in
Table 1, and it will be noted that the time lost from work
and the fixed costs associated with the accident account
almost completely for the cumulative amounts.

While the scaling of injury into dollar amounts as done
by this model presents a reasonable and readily interpretable
view of accident costs, it is not at this time proposed
as a solution to the classification problem. Its complexity
and novelty would make it difficult to introduce into as
general and widespread use as is required of such a measure.
Furthermore, the subjective estimates of the victim's loss
of efficiency, while theoretically possible, are not now
standard practice among the medical practitioners who would
be required to provide these numbers. It is thought,
therefore, that at this stage of development, the injury
classification aspect of the problem should be handled in

a more straightforward and commonplace manner.
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APPENDIX B
COST ESTIMATES FOR ALTERNATIVE PLANS

The following cost estimates are for a full year of normal
operation of the alternative data-collection plans, excluding data
processing. An overhead of 50% on salaries is assumed. Travel
costs for Plans 1 and 12 are for retrieval of accident reports,
and for Plans 9 and 10 the travel costs are for interviews with
injured persons., In each case travel is only required for a small
portion of the difficult cases. Staff costs for Plans 1 and 12
are primarily for contacting police agencies to obtain accident
reports, while in Plans 9 and 10 the staff costs are primarily
for telephone interviewing.

Costs for sharing NEISS data are $0.02 per case for all
720,000 NEISS cases (hospitals are currently paid $0.60 per case).
For the cases used by NHTSA and coded for AIS, the cost share

ranges from $6 to $4 per case. Costs for sharing HIS data are
$1 per case for all 42,000 HIS cases (current cost is about $40-$50

per case). For HIS cases actually used, cost is $5 per case.




Plan 1 - AIS:ER/ARCIP

Component Number of Cases
250 1800 8000 20,000

Salaries
Director 18 20 22 24
Clerical 4.4 7
Clerical
Clerical(2) 14
Staff 12 15 16
Staff 10 12 14
Staff (3) 32 38
Staff (6) 68
Overhead 11.2 24.5 43 95
NEISS basic 14.2 14.2 14,2 14.2

special 1.5 9 36 80
Travel 0.7 3.3 10.8 20.8
Total $50K $100K $200K $400K
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Plan 9 - AIS:IIP/ARS

Component Number of Cases

250 1800 8000 20,000
Salaries
Director 16 20 22 24
Clerical 7 7
Clerical
Clerical 7
Staff 5.9 12 15 17
Staff 11 13 15
Staff 6 12 14
Staff (3) 30 37
Staff (8) 87
Overhead 14 .4 28 54 108
Travel 6.7 16 39 76
Total $50K $100K $200K $400K
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Component

Salaries
Director
Clerical
Clerical
Clerical
Staff

Staff

Staff

Staff (4)
Staff (9)

Overhead

Travel

Total

Plan 10 - Days:IIP/ARS

Number of Cases
5000

500 1600
18 20
7 7
6 12
11
9
15.5 29.5
4.5 11.5
$50K $100K

61

22

15
13
12
39

58

26

$200K

12,000

24

18
14
13
48
94

116.5

50.5

$400K



Component

Salaries
Director
Clerical
Clerical
Clerical (2)
Staff

Staff

Staff

Staff (7)

Overhead

NEISS basic

special

HIS basic
special

Travel

Total

Plan 12 - AIS:ERS&HS/ARCIP

200

18

12,5

3.5

$50K

Number of Cases

500

18.4
7

12,7

14,2
2.5

42

1.2

$100K

62

3000

21
8

14
13
13
12

40.5

14.2
15

42

4.3

$200K

14,700

24
8
8
14
16
14
5
84

86.5

14.2
66.15

42

15.15

$400K



APPENDIX C

FREQUENCIES OF ACCIDENTS, FATALITIES, INJURIES
AND INJURY SEVERITIES

This appendix presents estimates of the relative frequencies
of motor-vehicle accidents, fatalities, injuries and injury severities
in the United States in 1971. Estimates are presented as a function
of accident severity, accident type and location, configuration,
angle of impact, speed, vehicle weight, road type, alignment and
gradient.

The basic source of data for the required tabulations is the
1971 National Accident Summary (NAS), compiled by NHTSA from official

traffic accident records of 35 states:

Alabama Montana
Arizona Nebraska
Connecticut New Mexico
Georgia New York
Hawaii North Carolina
Idaho North Dakota
Illinois Oklahoma
Indiana Oregon
Iowa Rhode Island
Kansas South Carolina
Kentucky South Dakota
Maryland Texas
Massachusetts Utah
Michigan Virginia
Minnesota Washington
Mississippz West Virginia
Missouri Wisconsin
Wyoming

The NAS data file, in its form as received from NHTSA, consisted

of 511,869 records. Each record was defined by a unique combination
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of variable levels among eleven variables. For each record, there
was a count of involvements, accidents, fatalities and injuries.

Totals of all counts among all the records were as follows:

Involvements 6,186,879
Accidents 3,389,357
Fatalities 34,856
Injuries 1,596,797

In order to reduce the number of records in the NAS file to a
manageable size, seven of the variables were eliminated. The 51],869
original records were regrouped in comhi nations of variable levels

among the four remaining variables:

Accident Type/Location

1. Single Vehicle, Rural
2. Single Vehicle, Urban
3. Multi-Vehicle, Rural

4, Multi-Vehicle, Urban

Collision Type

0 Pedestrian

1 Non-Motor Vehicle
2., Fixed Object

3. Run-off-Road

4 Overturned

5 Other

6 Head-on

7 Angle Collision

8 Rear-End

Accident Severity
1. Fatality

2 Injury

3 Property Damage

ehicle Type
Passenger Car
Truck

Bus
Motorcycle
Other
Pedestrian
Unknown

NG WN
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The result was a compressed file of only 674 records, but the totals

of involvements, accidents, fatalities and injuries remained the
same as originally..

The final step in modifying the NAS file was to extrapolate
the counts of each record by weighting factors, in order to provide
an approximate representation of accidents in the entire United
States. The 674 records were divided into six groups, and weighting

factors were derived, as follows:

1. Rural, Fatal Accidents: 1.4782
2. Rural, Injury Accidents: 1.4782
3. Rural, Property-Damage Accidents: 1.4782
4. Urban, Fatal Accidents: 1.6663
5. Urban, Injury Accidents: 1.8250
6. Urban, Property-Damage Accidents: 1.9737

These factors were then multiplied by the counts of involvements,
accidents, fatalities and injuries in each record within the appro-
priate group.

Derivations of the weighting factors are as follows:

1. Rural, Fatal Accidents

It is assumed that the frequency of reporting
of rural, fatal accidents throughout the United
States is proportional to the number of rural,
vehicle miles driven.

Thus, the weighting factor is the ratio of total

U.S. rural-miles driven to rural miles driven in

the 35 states for which rural fatal accidents are
reported.

The following mileage data was obtained from "Fatal
and Injury Accident Rates on Federal-Aid and Other
Highway Systems/1970", U.S. Department of Transpor-
tation, Federal Highway Administration.

Total U.S. rural miles driven: 543,332,000,000 miles

Rural miles driven in 35 NAS states: 367,556,000,000 miles

The weighting factor is 1.4782
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2. Rural, Injury Accidents

It is assumed that the frequency of reporting

of rural, injury accidents throughout the United
States is proportional to the number of rural,
vehicle miles driven.

Thus the weighting factor is the same as above,
1.4782.

3. Rural, Property Damage Accidents

It is assumed that the frequency of reporting
of rural, property-damage accidents throughout
the United States is proportional to the number
of rural, vehicle miles driven.

Thus the weighting factor is the same as above,
1.4782.

4. Urban, Fatal Accidents

This weighting factor is the ratio of an estimate
of total fatalities in urban traffic accidents in
the United States to the original NAS count of
fatalities in urban traffic accidents.

This approach is used instead of a mileage ratio
because the original NAS fatality count excludes
fatalities from a few of the urban areas in the 35
states, namely: Chicago, urban Kentucky except for
Louisville, urban Missouri except for Kansas City
and St. Louis, and urban West Virginia,

An estimate of total fatalities in traffic accidents
in 1971 was obtained by personal communication from
the National Safety Council: 53,718.

An estimate of total rural fatalities in traffic
accidents in 1971 was obtained by multiplying the
weighting factor for rural, fatal accidents (1.4782)
by the NAS count of rural fatalities in 35 states
(23,205), resulting in 34,304 rural fatalities.

Thus, an estimate of urban fatalities in traffic
accidents may be obtained as the difference between
the national total and estimated rural fatalities,
i.e., 53,718-34,304=19,416 urban fatalities.
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The NAS count of urban fatalities is 11,651. Thus,
the weighting factor for urban, fatal accidents is
19,416/11,651=1.6663 .

9. Urban, Injury Accidents

It is assumed that the frequency of reporting of
urban, injury accidents throughout the United States
is proportional to the number of urban, vehicle miles
driven.

The original NAS injury count excludes injuries from

a few of the urban areas in the 35 states, namely:
Chicago, Wichita, urban Kentucky except for Louisville,
Detroit, urban Missouri except for Kansas City and St.
Louis, and urban West Virginia. Unfortunately, mileage
data is not broken down for these areas. Therefore,the
NAS injury counts were extrapolated—by means of both
population ratios and a few National Safety Council
estimates—in order to provide a complete estimate of
injury accidents for the 35 states.

In order to estimate injury accidents in Chicago,
Detroit and urban West Virginia, state-by-state :
estimates of injury accidents were used, as received
from NHTSA and the National Safety Council. The NSC
total for Illinois, Michigan and West Virginia was
206,420 injury accidents. The NAS count for the same
states (excluding Chicago, Detroit and urban West
Virginia) was 151,074 injury accidents. Thus, the
estirate for these three urban areas is 55,346 injury
accidents.

In order to estimate injury accidents in Wichita,
urban Kentucky excluding Louisville, and urban
Missouri excluding Kansas City and St. Louis, data

was used from the 1970 Census of Population, U.S.
Department of Commerce, Bureau of the Census. The
population in these three urban areas was 3,386,002,
compared to a population of 83,424,108 in the urban
areas covered by the NAS injury reporting. Thus, by
propcrtion of populations to the NAS estimate of injury
accidents (656,245) the addition for these three urban
areas is 26,634 injury accidents.

The total estimate for all urban areas within the 35

states is 738,225 injury accidents, and its partial
weighting factor for the NAS count is 1,1249.
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The other partial weighting factor is the ratio of
U.S. total urban miles to urban miles in the 35 states:

577,373,000,000/355,896,000,000 = 1,6223.

Finally, the total weighting factor for urban, injury
accidents is 1,8250.

6. Urban Property-Damage Accidents

It is assumed that the frequency of reporting of urban
property-damage accidents throughout the United States
is proportional to the number of urban, vehicle miles
driven.

As in the previous grouping, the NAS count of property
damage accidents excludes those from six urban areas.
The NAS urban property damage accident count (1,607,832)
was extrapolated in the same manner as for the previous
grouping. For Chicago, Detroit and urban West Virginia,
the additional count of property damage accidents was
186,669. For Wichita, urban Kentucky excluding Louis-
ville, and urban Missouri excluding Kansas City and

St. Louis, the additional count is 161,623.

The total estimate for all urban areas within the 35

states is 1,956,124 property-damage accidents, and its

partial weighting factor is 1.2166. The other partial

weighting factor is the previous mileage ratio, 1.6223.

Thus, the total weighting factor for urban, property-

damage accidents is 1.9737.

In the following sections, the required results of Tasks 1 and

2 are presented in the form of 50 tables. All of the tables are
based on the National Accident Summary, and most are also based on
special files. In those cases where special files are used, there
are a few small inconsistencies in totals because of round-off errors

stemming from proportioning procedures.
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10.

11.

12,

13.

14.

15.

LIST OF TABLES

Frequency of Accidents, by Accident Severity

Frequencies of Fatal Accidents, Injury Accidents and
Property Damage Accidents, by Accident Type

Frequencies of Fatal Accidents, Injury Accidents and
Property Damage Accidents, by Accident Location

Frequencies of Fatal Accidents, Injury Accidents and
Property Damage Accidents, by Accident Configuration

Frequencies of Multi-Vehicle Fatal Accidents, Multi-
Vehicle Injury Accidents and Multi-Vehicle Property
Damage Accidents, by Angle of Impact.

Frequencies of Vehicle Involvements in Fatal Accidents,
Injury Accidents and Property Damage Accidents, by
Vehicle Speed

Frequencies of Vehicle Involvements in Fatal Accidents,
Injury Accidents and Property Damage Accidents, by
Vehicle Weight

Frequencies of Fatal Accidents, Injury Accidents and
Property Damage Accidents, by Road Type

Frequencies of Fatal Accidents, Injury Accidents and
Property Damage Accidents, by Road Alignment

Frequencies of Fatal Accidents, Injury Accidents and
Property Damage Accidents, by Road Gradient

Frequency of Accidents, by Accident Type vs. Accident
Severity

Frequency of Accidents, by Accident Location vs. Accident
Severity

Frequeacy of Accidents, by Accident Configuration vs.
Accident Severity

Frequency of Multi-Vehicle Accidents, by Angle of Impact
vs. Accident Severity

Frequency of Vehicle Involvements in Accidents by Vehicle
Speed vs. Accident Severity
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9.

24,

25.
26,
27.

28.

[l

[N

34.

35.

Frequency of Vehicle Involvements in Accidents, by
Vehicle Weight vs. Accident Severity

Frequency of Accidents, by Road Type vs. Accident Severity

Frequency
Severity

Frequency
Severity

Frequency
Frequency
Frequency
Frequency

Frequency
Angle of

Frequency
Frequency
Frequency
Frequency
Frequency

Frequency

of Accidents, by Road Alignment vs. Accident
of Accidents, by Road Gradient vs. Accident
of Fatalities and Persons Injured

of Fatalities, by Accident Type

of Fatalities, by Accident Location

of Fatalities, by Accident Configuration

of Fatalities in Multi-Vehicle Accidents, by
Impact

of Fatalities in Vehicles, by Vehicle Speed
of Fatalities in Vehicles, by Vehicle Weight
of Fatalities, by Road Type

of Fatalities, by Road Alignment

of Fatalities, by Road Gradient

of Persons Injured, by Injury Severity

Frequencies of Persons Injured at Each Injury-Severity
Level, by Accident Severity

Frequencies of Persons Injured at Each Injury-Severity
Level, by Accident Type

Frequencies of Persons Injured at Each Injury-Severity
Level, by Accident Location

Frequencies of Persons Injured at Each Injury-Severity
Level, by Accident Configuration

Frequencies of Persons Injured at Each Injury-Severity
Level, by Angle of Impact in Multi-Vehicle Accidents
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36.

37.

38.

39.

40.

41.

42,

43 .

44 .

45,

46.

47.

48.

49.

50.

Frequencies of Persons Injured in Vehicle at Each Injury-
Severity Level, by Vehicle Speed

Frequencies of Persons Injured in Vehicles at Each
Injury-Severity Level, by Vehicle Weight

Frequencies of Persons Injured at Each Injury-Severity
Level, by Road Type

Frequencies of Persons Injured at Each Injury-Severity
Level, by Road Alignment

Frequencies of Persons Injured at Each Injury-Severity
Level, by Road Gradient

Frequency of Persons Injured, by Accident Severity vs.
Injury Severity

Frequency of Persons Injured, by Accident Type vs.
Injury Severity

Frequency of Persons Injured, by Accident Location
vs. Injury Severity

Frequency of Persons Injured, by Accident Configuration
vs. Injury Severity

Frequency of Persons Injured in Multi-Vehicle Accidents,
by Angle of Impact vs. Injury Severity

Frequency of Persons Injured in Vehicles, by Vehicle
Speed vs. Injury Severity

Frequency of Persons Injured in Vehicles, by Vehicle
Weight vs. Injury Severity

Frequency of Persons Injured, by Road Type vs. Injury
Severity

Frequency of Persons Injured, by Road Alignment vs.
Injury Severity

Frequency of Persons Injured, by Road Gradient vs.
Injury Severity
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TABULATIONS OF ACCIDENT FREQUENCIES

This section presents Tables 1-19 as the results of Task 1.
Each table includes estimates of both actual frequencies and relative
frequencies (percentages) of reported traffic accidents in the
United States in 1971, in various classes of accidents defined by
10 variables (accident severity, accident type, accident location,
accident configuration, angle of impact, vehicle speed, vehicle
weight, road type, road alignment, and road gradient).

Table 1 presents frequencies of accidents by accident severity
(fatal accidents, injury accidents, and property-damage accidents).

Tables 2-10 each present univariate frequencies in three
separate sub-tables (fatal accidents, injury accidents, and property
damage accidents) by one of the nine other variables, Accident
totals are given for each of the three accident-severity levels,
and relative frequencies are given as percentages of those totals.

Tables 11-19 each present bivariate frequencies of accident
severity vs. one of the nine other variables. Thus, the basic data
in Tables 11-19 are the same as in Tables 2-10, respectively. How-
ever, the accident totals are given for each of the variable levels
of the variables that are computed versus accident severity. The
relative frequencies are percentages of the grand total of accidents
in each table.

Tables 1-5 were produced directly by computer runs on the

extrapolated NAS data file. (The five variables in these tables-acci-

dent severity, accident type, accident location, accident configuration,

and angle of impact—are the only ones of the ten required variables
which occur in the NAS data).

Tables 6-10 were produced indirectly from the NAS data by first
making auxiliary computer runs on special HSRI files, and then
weighting the results by frequencies of NAS accidents in appro-
priate groups. The five variables involved are vehicle speed,

vehicle weight, road type, road alignment, and road gradient.
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Three special accident-data files were used:

Washtenaw County, Michigan: 1968-1970
Oakland County, Michigan: 1970
Texas (5% sample): 1970

W N

Table 6 (vehicle speed) was based on 12 independent computer
runs of vehicle involvements in accidents by vehicle speed, from
the Texas file. The 12 runs corresponded to 12 groups defined by
all combinations of accident severity (fatal, injury, property
damage), accident type (single vehicle, multi-vehicle), and accident
location (rural, urban). The 12 speed distributions are presented
below. Each of the 12 distributions was weighted by the
number of vehicle involvements in the corresponding group of the
extrapolated NAS file. The 12 NAS involvement sub-totals are also
presented below. The 12 weighted distributions were added
to produce Table 6. The speed data in the Texas file are intended
to represent a police officer's estimate of vehicle travel speed
prior to the accident. Thus, the data in Table 6 should be inter-
preted as speed prior to impact.

Table 7 is based on three runs of car involvements in accidents
(fatal, injury and property damage) by vehicle weight, and three
runs of truck involvements in accidents (fatal, injury, property-
damage) by vehicle make and model in the Washtenaw file. Vehicle
make and model data were subsequently converted to vehicle-weight
data by reference to manufacturer's information. The six distri-
butions by vehicle weight are presented below along with
NAS distributions of vehicle type (car, truck, bus, motorcycle)
involvements vs., accident severity. The NAS car and truck data
was used as weighting factors on the six distributions. The motor-
cycle weights were assumed to be all in the lowest category. (under
1500 1bs.). Data on bus weights in accidents could not be found,
but NSC estimates indicate three times as many commercial buses in
accidents compared to school buses; typical weights for those types
are in the ranges 10,500-12,500 lbs. and 12,500-14,500 1bs.,
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respectively. The results of Table 7 are the sums for the four
vehicle types. All weights are unloaded (curb) weights.

Table 8 (road type) was based on 12 independent computer runs
of accidents by road type, from the Oakland file. The 12 road-type
distributions are presented below. Each of the 12 distri-
butions was weighted by the number of accidents in the corresponding
group of the extrapolated NAS file. The 12 NAS accident sub-totals
are also presented below. . Again, the 12 weighted distri-
butions were added to produce Table 8.

Tables 9 (road alignment) and 10 (road gradient) were each
based on 12 independent runs of accidents from the Texas file. The
same 12 weighting factors were used as for Table 8, and the sets of

weighted distributions were added to produce Tables 9 and 10.
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Percent

.8
29.0
70.3

Frequency of Accidents}.by Accident Severity
Number
Fatal Accidents 45,914
Injury Accidents 1,748,952
Property-Damage Accidents 4,241,580
Total 6,036,446
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8L

4

Frequencies of Fatal Accidents, Injury Accidents and

Property Damage Accidents,

Collision with Pedestrian

Collision with Non-Motor
Vehicle

Collision with Fixed Object
Collision with Other Object
Run-0Off-Road Accident
Overturn Accident

Collision with Other Motor
Vehicle

Total

by Accident Configuration

Fatal
Accidents
Number Percent
8,383 18.3
2,011 4.4
4,753 10.4
1,952 4.2
11,257 24 .5
1,017 2.2
16,541 36.0
45,914 100.0%

Injury
Accidents
Number Percent
127,613 7.3
64,890 3.7
136,167 7.8
112,930 6.4
223,273 12.8
29,357 1.7
1,054,722 60.3
1,748,952 100. 0%

Property-Damage

Accidents
Number Percent

1,493 0.0
115,172 2.7
286,171 6.7
588,547 13.9
345,826 8.2
23,658 .6
2,880,713 67.9
4,241,580 100. 0%



%666 €TL°088°‘%
2°9¢ €Sz P¥0°T
6 8S ¥SE 2691
8 ¥ 901 ‘6¢€T
juadoaxad JaqunN
S31UuepTIOoOy

a8evueq-4L31axadoag
STOTUDA-TITON

%0°00T 22L'PSO‘T
8°6¢ 6861V
A4 €09 ‘2S¢
8° 2 czz‘es

juasaxad JaqunN

sjuapTIodoy Aanlul
STOTYSA-TITNN

%0 00T %S ‘91

8° €¢I 8,22
98V Ge0°‘s
9°' L€ 822°‘9
juadxad JaqunN

SJ1UopTIOOyY Teled
STOTUSA-TITNN

1oeduwy yJo o13uy A£q

TeloL
SUOTSTITTIO)D Pua-Ieay
SUOTSTITOD OPTS

SUOTSTITIO)D UO-peaH

‘sjueprooy oSeweg-L3jgodoxrd STOTUSA-TITNN pPUeB SJIUSBPTIOOY

L£xnlful STOTIYSDA-TITNN ‘S3uepTIodoy Teied SIOTUYSA-TITNN JO saTtouanbaxg

S

79



08

MPH

1-10
11-20
21-30
31-40
41-50
51-60
61-70
over 70
Total

Frequencies

Injury

Accidents and Property-Damage Accidents

6.
of Vehicle Involvements in Fatal Accidents

Fatal
Accidents

Number Percent
1,035 1.6
4,529 6.8
6,077 9.2
4,865 7.1
6,957 10.5
13,342 20,1
12,458 18.8
9,199 13.9
8,014 12.1
66,296 100.0

by Vehicle Speed

Injury
Accidents
Number Percent
295,576 9.9
452,518 15.1
461,319 15.4
690,635 23.1
377,213 12.6
283,445 9.5
249,007 8.3
141,064 4.7
44,411 1.5

2,995,188

100.1

Property-Damage

Accidents
Number Percent
949,362 12.8
1,937,461 26.0
1,299,887 17.5
1,543,045 20.7
663,817 8.9
488,507 6.6
353,765 4.8
177,928 2.4
28,901 0.4
7,442,673 100.0
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G8

Straight
Curve
Total

9.

Frequencies of Fatal Accidents, Injury Accidents and

Property—-Damage Accidents, by Road Alignment

Fatal Injury Property-Damage
Accidents Accidents Accidents
Number Percent Number Percent Number Percent
38,042 82.9 1,560,360 89.2 3,885,346 91.6
7,872 17.1 188,592 10.8 356,234 8.4
45,914 100.0 1,748,952 100.0 4,241,580 100.0
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Rural

Urban

12,

Frequency of Accidents, by Accident

vsS.

Fatal
Accidents
Number

28,500
17,414

Accident Severity

Injury
Accidents
Number

551,304
1,197,648

Location

Property-Damage
Accidents
Number

1,068,141
3,173,439

Total

Number

1,647,945
4,388,501
6,036,446

Percent

27.3
72.7
100.0
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v6

Frequency of Accidents,

Fatal
Accidents
Number
Straight 38,042
Curve 7,872

18.
by Road Alignment vs.

Injury
Accidents
Number
1,560,360

188,592

Accident Severity

Property-Damage
Accidents
Number

3,885,346
356,234

Total
Number Percent
5,483,748 90.8
552,698 9.2
6,036,446 100.0
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TABULATIONS OF FATALITY AND INJURY FREQUENCIES

This section presents Tables 20-50 as the results of Task 2.
Each table includes estimates of both actual frequencies and relative
frequencies (percentages) of reported traffic accident casualties
in the United States in 1971 in various classes defined by the same
10 variables as in the previous section. Additionally, the injury
frequencies are further divided by injury severity.

Table 20 presents frequencies of casualties in two classes,
fatalities and persons injured. Tables 21-29 present frequencies
of fatalities in various classes, and Tables 30-50 present frequencies
of persons injured in various classes.

Tables 20-24 were produced directly by computer runs on the
extrapolated NAS data file. All of the remaining tables were pro-
duced indirectly from the NAS data by first making auxiliary com-
puter runs on special HSRI files, and then weighting the results by
frequencies of NAS fatalities or injuries in appropriate groups.

The Washtenaw, Oakland and Texas files mentioned in the previous
section were again used.

The procedure for Tables 25-29 were similar to those described
in the previous section for Tables 6-10. Each (except 26) was based
on four independent computer runs corresponding to groups of fatalities
defined by the combinations of accident type (single vehicle, multi-
vehicle)and accident location (rural,urban). Table 26 was based on
runs of fatalities in cars and in trucks, by make and model, where
make and model data was then transformed to vehicle weight. Again,
the Texas file was used for speed, alignment and gradient distri-
butions, the Washtenaw file for vehicle weight, and the Oakland file
for road type. All of the auxiliary distributions are presented
be low , along with the NAS counts of fatalities (i.e., weighting
factors) in the four groups. In Table 25 it is noted that there are

no fatalities in vehicles at zero speed, even though Table 6 showed
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some fatal accidents involving vehicles at zero speed. The explan-
ation is that the fatalities occurred in a second vehicle which was
moving prior to the accident. With a higher sample size, there
probably would be a small percentage of fatalities involved at
zero speed.

Table 30 was based on four runs of injury-severity frequencies
in the Texas file. The four distributions (accident type vs. location
groups) were weighted by corresponding NAS counts of persons iajured
and added.

Table 31 was based on one run of injury-severity frequencies
versus accident severity in the Texas file. The three accident-
severity distributions for A, B, and C injuries were used to proportion

the respective A, B, and C injury totals of Table 30.
Tables 32 and 33 were based on the data described above for

Table 30, For Table 32, the four weighted distributions were added
separately in two groups, single vehicle and multi-vehicle. For
Table 33, the four weighted distributions were added separately in
two different groups, rural and urban.

Table 34 was based on seven runs of injury-severity frequencies
in the Texas file. The seven distributions (the seven accident~-con-
figuration groups) were weighted by corresponding NAS counts of
persons injured.

Table 35 was based on three runs of injury-severity frequencies
in the Texas fiie. The three distributions (the three multi-vehicle
angle-of-impact groups) were weighted by corresponding NAS counts

of persons injured.

Table 36 was based on four runs (accident type vs. location
groups) of injury-severity frequencies in the Texas file, Each
run was a bivariate of persons injured in a vehicle by injury severity
vs. vehicle speed. The four distributions were weighted by corres-

ponding NAS counts of persons injured in a vehicle.
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Table 37 was based on three runs of persons injured in cars
(A, B, and C injuries) by vehicle weight, and three runs of persons
injured in trucks (A, B, and C injuries) by vehicle make and model
in the Washtenaw file. Vehicle make and model data was subsequently
converted to vehicle-weight data. The six distributions by vehicle
weight are presented below, along with vehicle-type distri-
butions for A, B, and C injuries in the Texas file. The latter
were used to proportion the A, B and C totals of Table 36 by vehicle
type. The resulting car subtotals and truck subtotals were further
proportioned by the vehicle-weight distributions. Motorcycle weights
were assumed to be all in the lowest weight category (under 1500 lbs.),
and other vehicle types were neglected. The results of Table 37 are
the sums for cars, trucks and motorcycles.

Tables 38, 39 and 40 were each produced from single runs of
persons injured by injury severity vs, road type, road alignment
and road gradient, respectively. The Oakland file was used for the
road-type runs and the Texas file for road alignment and gradient,
In each case the distributions of road characteristic for A, B and

C injuries were used to proportion the respective A, B and C injury

totals of Table 30.
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20.

Frequency of Fatalities and Persons Injured

Number
Fatalities 53,703
Persons Injured 2,794,521
Total 2,848,224

99

Percent
1.9
98.1
100.0




21.
Frequency of Fatalities, by Accident Type

Number Percent
Single Vehicle Accidents 29,202 54.4
Multi-Vehicle Accidents 24,501 45.6
Total 53,703 100.0

100




22,
Frequency of Fatalities, by Accident Location

Number Percent
Rural Accidents 34,284 63.8
Urban Accidents 19,419 36.2
Total 53,703 100.0
101




23.
Frequency of Fatalities, by Accident Configuration

Number
Collision with Pedestrian 8,560
Collision with Non-Motor Vehicle 2,333
Collision with Fixed Object 5,368
Collision with Other Object 2,345
Run-0ff-Road Accident 12,747
Overturn Accident 1,074
Collision with Other Motor Vehicle 21,276
Total 53,703

102

Percent

15.
4,
10.
4,
23.
2,
39.
99.
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24,
Frequency of Fatalities in Multi-Vehicle Accidents,

by Angle of Impact

Number Percent
Head-on Collision 8,941 42.0
Side Collisions 9.620 45,2
Rear-end Collisions 2,715 12.8
Total 21,276 100.0
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25.
Frequency of Fatalities in Vehicles,

by Vehicle Speed

MPH Number Percent
0 0 0
1-10 2,045 4.3
11-20 2,501 5.3
21-30 3,403 7.2
31-40 5,673 12.0
41-50 10,093 21.4
51-60 10,958 23.3
61-70 6,498 13.8
over 70 5,956 12.6
Total 47,127 99.9
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LBS.

0-1500
1501-2500
2501-3500
3501-4500
4501-5500
5501-6500
6501-7500
7501-8500
8501-10500
10501-12500
12501-14500
14501-16500
16501-18500
Total

26.
Frequency of Fatalities in Vehicles,

by Vehicle Weight

Number

2,089
6,951
14,828
17,438
1,390
358
1,073

34

103
358
2,504
47,126

105

Percent

4.4
14.7
31.5
37.0

2.9

0.8

2.3

100.0




27.

Frequency of Fatalities,

Rural Freeway
Rural Highway
Rural Road
Urban Freeway
City Street
Total

Number

3,906
8,778
21,601
2,440
16,979
53,704

106

by Road Type

Percent

7.3
16.3
40.2

4.5
31.6
99.9




28.
Frequency of Fatalities, by Road Alignment

Number Percent
Straight 42,803 79.7
Curve 10,900 20.3
Total 53,703 100.0
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29.
Frequency of Fatalities, by Road Gradient

Number Percent
level 40,615 75.6
Slope 13,088 24 .4
Total 53,703 100.0
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30.

Frequency of Persons Injured,
by Injury Severity

Number Percent
A Injury 823,365 30.5
B Injury 1,016,464 37.6
C Injury 860,229 31.9
Total 2,700,058 100.0
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31.
Frequencies of Persons Injured at Each Injury Severity Level

by Accident Severity

A Injury B Injury C Injury
Number Percent Number Percent Number Percent
Fatal Accidents 43,651 5.3 21,521 2.1 8,679 1.0
Injury Accidents 779,714 94.7 994,943 97.9 851,550 99.0

-
STotal 823,365 100.0 1,016,464 100.0 860,229 100.0
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Head-on
Side
Rear—-end
Total

35.

A Injury
Number Percent
75,466 16.5

270,566 59.0
112,665 24.6
458,697 100.1

by Angle of Impact in Multi-Vehicle Accidents

Frequencies of Persons Injured at Each Injury Severity Level,

B Injury
Number Percent
71,909 12.0

345,724 57.8
180,264 30.1
597,897 99.9

C Injury
Number Percent
25,664 3.6

319,475 44 .8
368,223 51.6
713,362 100.0



36.

Frequencies of Persons Injured in Vehicles at Each

Injury Severity Level, by Vehicle Speed

1T

A Injury B Injury C Injury
MPH Number Percent Number Percent Number Percent
0 18,717 2.5 45,776 4.7 144,188 17.8
1-10 57,265 7.7 101,331 10.3 117,450 14.5
11-20 100,913 13.6 136,418 13.9 123,474 15.3
21-30 147,848 19.9 222,531 22 .6 193,230 23.9
31-40 119,295 16.0 128,410 13.1 78,301 9.7
41-50 89,427 12.0 126,631 12.9 68,114 8.4
51-60 107,051 14 .4 128,415 13.1 45,726 5.7
61-70 81,177 10.9 72,222 7.3 28,063 3.5
over 70 22,495 3.0 21,404 2.2 10,247 1.3
Total 744,188 100.0 983,138 100.1 808,793 100.1



37.
Frequencies of Persons Injured in Vehicles at Each

Injury Severity Level, by Vehicle Weight

911

A Injury B Injury C Injury

LBS. Number Percent Number Percent Number Percent
0-1500 52,201 7.0 61,577 6.3 20,507 2.5
1501-2500 85,803 11.5 129,872 13.2 87,224 10.8
2501-3500 270,974 36.4 343,022 34.9 302,415 37.4
3501-4500 271,972 36.5 366,727 37.3 326,059 40.3
4501-5500 12,209 1.6 15,880 1.6 18,546 2.3
5501-6500 3,940 0.5 4,834 0.5 2,079 0.3
6501-7500 5,253 0.7 8,056 0.8 9,353 1.2
7501-8500 1,313 . 0.2 -- - - —_
8501-10500 -- -= -- -= -= -=
10501-12500 - - -= - -- --
12501-14500 -- -= --= - -= --
14501-16500 7,880 1.1 9,667 1.0 6,236 0.8
16501-18500 34,147 4.6 43,503 4.4 36,374 4.5
Total 744,188 100.1 983,138 100.0 808,793 100.1



LTIT

38.

Frequencies of Persons Injured at Each Injury-Severity Level
by Road Type

Rural Freeway
Rural Highway
Rural Road
Urban Freeway
City Street
Total

A Injury
Number Percent
27,321 3.3
98,225 11.9

229,462 27.9
31,874 3.9
436,483 53.0
823,365 100.0

B Injury
Number Percent
26,227 2.6

115,201 11.3
279,423 27.5
38,482 3.8
557,131 54.8

1,016,464

100.0

C Injury
Number Percent
23,054 2.7

110,364 12.8
195,958 22 .8
35,317 4.1
495,536 57.6
860,229 100.0
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€cl

Frequency of Persons Injured,

Pedestrian
Non-Motor Vehicle
Fixed Object
Other Object
Run-Off-Road
Overturn

Other
Motor Vehicle

vVS.
A Injury
Number Percent
54,240 2.0
27,090 1.0
79,175 2.9
62,259 2.3
124,493 4.6
12,647 0.5
458,697 17.0

44.

Injury Severity

B Injury
Number Percent
56,841 2.1
38,942 1.4
71,054 2.6
62,259 2.3

142,444 5.3
21,889 0.8
597,897 22.1

by Accident Configuration

C Injury
Number Percent
26,077 1.0

8,466 0.3
38,282 1.4
42,025 1.6
55, 588 2.1

6,323 0.2

713,362 26 .4

Total

Number Percent
137,164 5.1
74,498 2.8
188,511 7.0
166, 543 6.2
322,525 11.9
40,859 1.5
1,769,956 65.6
2,700,056 100.1
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Auxiliary Data for Table 7

Vehicle Involvement Distributions by Weight in Washtenaw File

Fatal Injury Property Damage
Lbs. Car Truck Car Truck Car Truck
up to 1500 - 23 30
2500 15 738 1292
3500 37 2581 7 5108 10
4500 45 6 2657 178 4489 417
5500 6 207 347
6500 1 11 17
7500 3 56 122
8500 1 2
10500
12500
14500
16500 1 36 72
18500 7 188 430

Vehicle Type Involvements in NAS

Car Truck Bus Motorcycle
Fatal 51,478 12,106 . 335 2,378
Injury 2,597,188 293,789 15,638 88,574
Prop. Dam. 6,513,859 872,574 34,682 21,560
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Auxiliary Data for Table 8
Accident Distributions by Road Type in the Oakland File

Rural Rural Rural Urban City
rreeway Highway Road Freeway Street

Fatal, Single Vehicle, Rural 5 5 42
Fatal, Single Vehicle, Urban 8 24
Fatal, Multi-Vehicle, Rural 5 16 24
Fatal, Multi-Vehicle, Urban 3 22
Injury, Single Vehicle, Rural 156 174 1012
Injury, Single Vehicle, Urban 168 1420
Injury, Multi-Vehicle, Rural 149 969 1601
Injury, Multi-Vehicle, Urban 317 5292
Prop.Dam,Single Vehicle, Rural 218 263 1225
Prop.Dam.Single Vehicle, Urban 187 2206
Prop.Dam.Multi-Vehicle, Rural 213 1466 2698
Prop.Dam,Multi-Vehicle, Urban! 497 9252

Corresponding Accident Counts in NAS

Fatal Acc. Injury Acc. Prop.Dam. Acc
Single Vehicle, Rural 16,464 256,653 389,756
Single Vehicle, Urban 10,261 316,862 369,673
Multi-Vehicle, Rural 12,036 294,651 678,385
Multi-Vehicle, Urban 7,153 880,786 2,803,766
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Auxiliary Data for Tables 9 and 10

Accident Distributions by Road Alignment and Gradient in the Texas File

Fatal,
Fatal,
Fatal,
Fatal,

Injury,
Injury,
Injury,
Injury,

Prop.
Prop.
Prop.
Prop.

Single Vehicle, Rural
Single Vehicle, Urban
Multi-Vehicle, Rural
Multi-Vehicle, Urban

Dam.
Dam.
Dam.
Dam,

L

Single Vehicle, Rural
Single Vehicle, Urban
Multi-Vehicle, Rural
Multi-Vehicle, Urban

Single Vehicle, Rural
Single Vehicle, Urban
Multi-Vehicle, Rural
Multi-Vehicle, Urban

Alignment
Straight Curve
38 6
28 6
26 11
29 1
315 130
868 150
243 28
1,944 84
790 239
2,730 359
689 101
10,101 515

Corresponding Accident Counts in NAS

(same as for Table 8)
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Gradient
Level Slope
34 10
30 4
25 12
20 10
340 105
897 121
214 57
1,790 238
814 215
2,712 377
664 126
9,607 1,009
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Auxiliary Data for Table 26

Fatality-in-Venicle Distributions by Weight in Washtenaw File

Lbs. Cars Lbs. Trucks
up to 1500 0] 3500-4500 6
2500 15 5500-6500 1
3500 32 6500-7500 3
4500 33 14500-16500 1
5500 3 16500-18500 7

Fatalities-in-Vehicle by Vehicle Type in NAS

Car 38,461
Truck 6,439

Bus 137 (assumed distributed as in Table 7)
Motorcycle 2,089 (assumed all under 1500 1lbs.)

Auxiliary Data for Table 27

Fatality Distributions by Road Type in Oakland File

Rural Rural Rural Urban City
Freeway Highway Road Freeway Street
Single Vehicle, Rural 6 7 95
Single Vehicle, Urban 9 36
Multi-Vehicle, Rural 7 21 21
Multi-Vehicle, Urban 1 35

Corresponding Fatality Counts in NAS

Single Vehicle, Rural 18,166
Single Vehicle, Urban 11,036
Multi-Vehicle, Rural 16,118
Multi-Vehicle, Urban 8,383
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Auxiliary Data for Tables 28 and 29

Fatality Distributions by Road Alignment and Gradient in the Texas File

Alignment Gradient
Straight Curve Level Slope
Single Vehicle, Rural 47 6 43 10
Single Vehicle, Urban 28 6 30 4
Multi-Vehicle, Rural 67 40 71 36
Multi-Vehicle, Urban 69 8 50 27

Corresponding Fatality Counts in NAS
(same as for Table 27)

Auxiliary Data for Table 30

Persons Injured Distributions by Injury Severity in the Texas File

A Injury B Injury C Injury
Single Vehicle, Rural 203 280 96
Single Vehicle, Urban 390 342 192
Multi-Vehicle, Rural 192 233 117
Muiti-Vehicle, Urban 724 987 1,280

Corresponding Injury Counts in NAS

Single Vehicle, Rural 361,104
Single Vehicle, Urban 385,198
Multi-Vehicle, Rural 545,987
Multi-Vehicle, Urban 1,407,769
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Auxiliary Data for Table 31

Persons-Injured Distributions (per Accident Severity) by Injury
Severity in Texas File

A Injury B Injury C Injury
Fatal Accidents 80 39 17
Injury Accidents 1429 1803 1668

Auxiliary Data for Tables 32 and 33
(same as for Table 30)

Auxiliary Data for Table 34

Persons Injured Distributions (per Accident Configuration) by Injury
Severity in Texas File

A Injury B Injury C Injury
Pedestrian 104 109 50
Non-Motor Vehicle 32 46 10
Fixed Object 273 245 132
Other Object 80 80 54
Of f-The~Road 215 246 96
Oyerturn 26 45 13
Other-Motor Vehicle 1,913 2,480 2,865

Corresponding Injury Counts in NAS

Pedestrian 137,164
Non-Motor Vehicle 74,498
Fixed Object 188,511
Other Object 166,544
Off-the-Road 322,525
Overturn 40,859
Other Motor Vehicle 1,769,957
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Auxiliary Data for Table 35

Persoas-Injured Distributions (per Angle of Impact) by Injury
Severity in Texas File

A Injury B Injury C Injury
Head-on 297 283 101
Side 1,206 1,541 1,424
Rear-end 410 656 1,340

Corresponding Injury Counts in NAS

Head-on 173,039
Side 935,765
Rear-End 661,153

Auxiliary Data for Table 37

Persons-Injured in Vehicle Distributions by Injury Severity vs,
Vehicle Weight in Washtenaw File

A B C
Lbs. Car Truck Car Truck Car Truck
up to 1500 6 2 13
2500 253 229 316 1
35060 299 602 1 1105 1
4500 709 24 533 40 1085 29
5500 36 28 a8
6500 3 3 2
7500 4 5 9
8500 1
10500
12500
14500
16500 6 6 6
18500 26 27 35

Vehicle Type Distributions by Injury Severity in Texas File

A B C
Car 1244 1478 1456
Truck 171 247 178
Motorcycle 99 113 35
Other 4 (3 16
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Auxiliary Data for Table 38

Persons-Injured Distributions by Injury Severity vs. Road Type

in Oakland File

Rural Rural Rural

Freeway Highway Road
A Injuries 168 604 1411
B Injuries 107 470 1140
C Injuries 188 900 1598

Auxiliary Data for Tables 39 and 40

Urbar City
Freeway Street
196 2684
137 2273
288 4041

Persons-Injured Distributions by Injury Severity vs. Road Alignment

and Gradient in Texas File

Alignment Gradient
Straight Curve Level Slope
A Injuries 1472 219 1393 299
B Injuries 1677 247 1627 298
C Injuires 1692 111 1577 225
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APPENDIX D
ABBREVIATED INJURY SCALE

Injury Severity
Category Description Code
No Injury None Zero
MINOR General 1

Aches all over

Minor lacerations, contusions, and
abrasions,

All 1o or small 20 or 30 burns.,
Head and Neck

Cerebral injury with headache; dizzi-
ness; no loss of consciousness.

"Whiplash" complaint with no anatom-
ical or radiological evidence.

Abrasions and contusions of ocular
apparatus (lids, conjunctiva, cornea,
uveal injuries); vitreous or retinal
hemorrhage.

Fracture of the nose.

Chest

Muscle ache or chest wall stiffness.
Abdominal

Muscle ache; seat belt abrasion; etc.

Extremities

Minor sprains and fractures and/or dis-
location of digits.

MODERATE General 2

Extensive contusions; abrasions; large
lacerations; avulsions (less than 3"
wide).

10-20% body surface 2° or 3° burns.
Head and Neck

Cerebral injury with or without skull
fracture, less than 15 minutes uncon-
sciousness,; no post-traumatic amnesia.
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Injury Severity
Category Description Code

Undisplaced skull or facial bone
fractures.

Compound fracture of the nose.

Lacerations or the eye and appendages;
retinal detachment,

Disfigiring lacerations,

"Whiplash'-severe complaints with ana-
tomical or radiological evidence

Chest

Simple rib or sternal fractures.

Major contusions of chest wall without
hemo or pneumothorax, or respiratory
embarrassment.

Abdominal
Major contusion of abdominal wall,

Extremities

Compound fractures of digits.
Undisplaced long bone or pelvic fractures,
Major sprains of major joints.

SEVERE General 3
(not life-

. xtensive contusions; abrasions; large
threatening) E ’ ; +arg

lacerations exceeding involvement of
two extremities, or large avulsions
(greater than 3" wide).

20-30% body surface 2° or 3° burns.
Head and Neck

Cerebral injury with or without skull
fracture, with unconsciousness more
than 15 minutes; without severe neurol-
ogical signs; brief post-traumatic
amnesia (less than 3 hours).

Displaced closed skull fractures without
unconsciousness or other signs of inftra-
cranial injury.




Injury Severity
Category Description Code

Loss of eye, or avulsion of optic nerve.

Displaced facial bone fractures, or
those with antral or orbital involve-
ment.

Cervical spine fractures without cord
damage.

Chest

Multiple rib fractures without respiratory
embarrassment.

Hemo or pneumothorax.
Rupture of diaphragm.
Lung contusion.

Thoracic spine fracture without neurc-
involvement.

Abdominal
Contusion of abdominal organs.

Extraperitoneal bladder rupture.

Retroperitoneal hemorrhage.
Avulsion of ureter.
L.aceration of urethra.

Lumbar spine fractures without neuro-
logical involvement,

Extremities

Displaced simple long-bone fractures,
and/or multiple hand and foot fractures.

Single open long-bone fractures,
Pelvic fracture with displacement,
vislocation of major joints.
Multiple amputations of digits.

Lacerations of the major nerves or
vessels of extremities.
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Injury Severity

Category Description Code
General
SEVERE Severe lacerations and/or avulsions 4
(life- with dangerous hemorrhage.
threatening, o o
survival 30-50% bedy surface 2° or 3 burns.
probable)

Head and Neck

Cerebral injury with or without skull
fracture, with unconsciousness of more
than 15 minutes, with definite adnormal
neurological signs; post-traumatic am-
nesia 3-12 hours.

Compound skull fracture.

Chest

Open chest wounds; flail chest, pneumo-
mediastinum; myocardial contusion with-
out circulatory embarrassment; peri-
cardial injuries.

Thoracic spine fracture with paraplegia
Abdominal

Minor laceration of intra-abdominal
eontents (to include ruptured spleen,
kidney, and injuries to tail of pancreas),

Intraperitoneal bladder rupture.
Avulsion of the genitals.,
Lumbar spine fractures with paraplegia.

Extremities

Multiple closed long-bone fractures.

Amputation of limbs.
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Injury Severity
Category Description Code

CRITICAL General 5
(survival o o
uncertain) OVeT 50% body surface 2~ or 3~ burns.

Head and Neck

Cerebral injury with or without skull
fracture with unconsciousness of more
than 24 hours; post-traumatic amnesia
more than 12 hours; intracranial pres-
sure (decreasing state of consciousness,
bradycardia under 60, progressive rise
in blood pressure or progressive pupil
inequality).

Cervical spine injury with quadriplegia.
Mager aixway obstruction.

Chest

Chest injuries with major respiratory
embarrassment (laceration of trachea,
hemomediastinum etc.).

Aortic laceration.

Myocardial rupture or contusion with cir-
culatory embarrassment.

Abdominal

Rupture, avulsion, or severe laceration of
intra-abdominal vessels or organs, except
kidney, spleen or ureter.

Extremities

Multiple open limb fractures.
FATAL Fatal lesions of single region of body, 6

(within plus injuries of other body regions of
24 hours) severity Code 3 or less.
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