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EXECUTIVE SUMMARY

Whiplash s gne of the most Common and annoying types of
njuries in motor vehicle crashes, It 1s by far the predominant njury
in reér mpact crashes. During the'1960's, more than 400,000 persons g
year suffered whiplash when their car was struck in the rear. In'the
most common form of whiplash, crash fqrces jerk the v1c%1m's head
rearwafd, Past the top of the seatback, twisting and njuring the

neck .

rarse the seatback and prevent exéess1ve rearward motion of the head .
During the 1950's and 1960's, motor vehicle manufacturers ang safety
research Institutions, with the édvice of the medical community,
devised heéd restraints which serve the purpose of extending the

seatback. There are adjustable restraints which are attached to the

1968, the National Highway Traffic Safety Amenistfation established g
head restraint requirement for al] passenger cars sold:in the United
States after January 1, 1969. The requirement and its assoctiated test

Criteria were promulgated as Federal Motor Vehicle Safety Standard 202.
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Execut1ve Order 12291 (February 1981} requires agencies top
evaluate thewr existing major regulations, including any rule whose annual
effect on the economy 15 $100 million or more. This study 1s an evaluation
of the head restraints installed 10 response to Standard 202, based on the
actual operating experience of passenger cars. The evaluation objectives
are:

(1) Estimating the benefits of head restraints - the number of
njuries they have eltminated in highway accidents.

(2) Measuring the cost of head restraints nstalled n cars
currently on the road.

(3) Assessing cost-effectiveness.

(4) Comparing the performance of 1integral and adjustable

restraints.

(5) Comparing the compliance requirements and test

performance of head restraints to their actyal performance 1n highway
accidents,

(6) Explaining why head restraints are (or are not)
effective; 1dentifying their prancipal shortcomings.

(7) Exploring the sens1tivity of head restraint effectiveness

to changes 1n seatback height .

The injury reduction due to head restraints was est mated
principally by analyzing three years of Texas accident files. The National
Crash Severity Study (NCSS} and a published analysis of insurance clamm
fites provided additional information on Injury reduction. NCSS also
supplied information on the height and Positioning of head restraints in
crash-involved cars. The National Accident Sampling System (NASS) yielded a

national estimate of "the number of persons mjured In rear mpact crashes

xvi

e




during 1979, The effect of head restraints on fatalities was studied by
analyzing Fatal Atc1dent Reporting System (FARS) files for 1975-80, the
Multidisciplinary Accident Investigation file and tong-term fatal accident
trends. The cost of head restraints was calculated by d1sassemb11ng_and
analyzing the individual components of a representative sampie of head
restraints and seatbacks. Detailed sales data for head restraints in mode]

years 1977-8l were acquired and studied.

The results from the Texas, NCSS, NASS and FARS anal yses were
compared to published statistical studies of head restraints, including a’
major study of 1insurance claims. Laboratory and crash tests were reviewed,
as were selected accident and Injury case histories. The research,
rulemaking and enforcement activities related to Standard 202 were discussed
with Agency engineers and the public Docket was studted. The conclusions of
this evaluation are based on all of the infdrmat1on sources - statistical,

clinical and engineering,

The most important conclusions of this evaluation are: (1)
Head restraints - both the integral and adjustable types - have
significantly reduced the number of injuries in rear mpact crashes.
(2) Integral seats are stgnificantly more effective than adjustable
restraints., The first conclusion is based on statistically significant
~findings from Texas and insurance claim files. The second 15 based on
statistically significant results from Texas and NCSS. The statistical
findings, moreover, are consistent with engineering intuition, clinical

analyses and test results.

The principal shortcoming of the evaluation was that the

National Crash Severity Study, the National Accident Sampliing System and
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head restraints (1.e., pre model year 1969) for statistically meaningful
effectiveness compar isons of head restraints versys ng head restraints. As a
result, 1t was necessary to rely on State data which do not explicitly
distinguish whiplash from other njuries and which are suspected of
reporting biases, especially for older cars. A major analytic effort was
devoted to removing or MINIMizing the biases, so as tg make the
effectiveness estimates as accurate as possible. This effort resulted n
some statistically complex estimates for which only approximate, rather tpan

exact, confidence bounds were obtained.

The conclusions on why head restraints have been effective are
intuitive judgements based on a thorough review of the available data
sources. The conclusion an why integral restraints have not claimgd a larger
share of the market is based on analysis of sales data, not on a direct
survey of consumer attituydes. The f1ﬁd1ngs on the relationship between
restraint height and njury risk are based on a statistical mode] which, at

this time, is Just partly veri1fied by 1n-depth accident or crash test data.

The principal findings and conclusions of the study are the

following:

Principal Findings

The problem

o In 1979, when 86 percent of the passenger cars on the highway
were equipped with head restraints, 446,000 drivers and right front
passengers were injured in rear impact crashes {confidence bounds: 330,000
to 560,000). There would have been 502,000 injuries if none of the cars were

equipped with head restraints (confidence bounds: 370,000 to 640,000) .
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o The severity of rear mpact crash Mjuries was:

Number of Victims Percent of Victims

Fatal 700 0.1

Nonfatal injury and treatment:

Hospitalization 16,000 3
Emergency room 130,000 26
Doctor's office 130,000 26
Not treated 220,000 _44

100

0 73 percent of the Injuries occurred 1n nontowaway crashes.

0 The types of 1njurtes in 1979 were-

Percent of Victms

Whiplash 60
Whiplash plus other njuries 18
Nonwhiplash 22

o 35 percent of the 1njuries were not listed 1n police

reports.

0 Whiplash victims missed an average of 4 days of work.
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Sales of 1ntegral restraints

o 28 percent of the cars sold during 1969-81 had ntegral head

restraints,

o The market share for integral restraints peaked at 39 percent
in 1975, declined to 22 percent by 1978, but recovered to 33

percent by 1981.

He1ght and positioning of restraints

o Standard 202 requires that adjustable restraints, when fully
extended, provide a 27.5 inch seatback. But 75 percent of the
occupants leave their adjustable restraints down. As a result,
75 percent of adjustable restraints are actually positioned at

a level where seatback height 1s less than 27.3 1inches.

o 85 percent of 1integral seatbacks are 28 inches or taller - 3.e.,

they exceed the minimum height requirement of Standard 202.




frectiveness of head restraints

0 Head restraints recuced the overall risk of driver Jnjury in

rear mmpacts, as follows:

Injury Reduction (%) Confidence Bounds
Integral restraints 17 9 to 25
Adjustable restraints 10 4 to 17
(75 percent of which are
not extended)
Average of integral and adjustable 13 7 to 19

(weighted by crash involvement rates)

Benefits of head restraints

0 There would have been 502,000 drivers and right front

passengers injured n rear impacts 1in 1979, f none of the
Cars were equipped with head restraints. If_gll cars had
been equipped with them, this number would have been reduced
as follows:

Number of Injuries

Prevented Confidence Bounds

Fleet of 100 percent 1integral _

restraints 85,000 40,000 to 130,000
Fieet of 100 percent adjustable

restraints (75 percent of which

would not be extended) 52,000 17,000 to 87,000
Fieet with 1979 mix of integral -

and adjustable restraints 64,000 28,000 to 100,000
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Cost of head restraints

o The average consumer cost of head restraints, per car, 1n 198]

doltars:
Car Purchase Lifetime Fuel Lifetime
Price Increase Consumption* Total Cost
Integral restraints $ 6.65 $ 5.68 $12.33
Adjustable restraints 24.33 15.81 40.14
Sales-weighted average 19.38 12.97 32.35

*@ $1.51 per pound of weight added to a car

Cost-effectiveness

0 The average societal cost of a whiplash injury is $670 (in

1981 dollars); this amount does not include a value for pain

and suffering. The average insurance compensation for whiplash
victaims' economic losses and pain and suffering 1s $2150.

Thus, $670-2150 Vs a reasonable price for avoiding whiplash, if
we accept societal costs and insurance compensation as proxies
for a range of what persons would be willing to pay to avoid
injuries. When $670-2150 per whiplash are divided nto a
million dollars, we obtain a range of 460-1500 whiplashes. Thus
460-1500 whiplashes eliminated could be thought of as a
reasonabie level of benefits per million dollars spent on

whiplash protection.
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o The number of injurics eliminated by ¢ million doltars worth

of head restraints 1s

[Injuries Elmminated Per

Miilion Dollars of Cost Confidence Bounds
Integral restraints ' 690 360 to 1060
Adjustabie restraints 130 40 to 220
1979 mix of integral and adjustable 200 90 to 310

Effectiveness as a function of head restraint hei1ght

0 Increases in the height of restraints would achieve the following
reductions relative to the injury risk with the current mix of

integral, properly positioned and mispositioned adjustabie

restraints:
Height of the Injury Reduction Relative
Restraints* to Current Restraint Mix (%)  Confidence Bounds
31 inches 9 2 te 23
30 1nches ' 8 2 to 13
29 1nches 7 2 to 11
28 nches 4 2 to 6

*As positioned by the occupant
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Conclusions

Effectiveness of head restraints

0 Head restraints - both the integral and adjustable types -
have significantly reduced whiplash injuries n rear impact

crashes.

0 Head restraints are effective because they have been
performing as intended n highway crashes: they support the

head and neck and prevent hyperextension.

0 The restraints do not appear to have had any unforeseen
benefits, such as reducing rear impact fatalities, nonwhiplash

Injuries, or forms of whiplash other than hyperextension,

0 The restraints do not appear to have any s1gh1f1cant negative
side-effects, such as increasing rear wmpact fatalities,
aggravating rear-seat occupants' injurtes 1n frontal crashes
or causing accidents because they block a driver's view to the

side and rear.
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Integral versus adjustable restraints

n

Integral seats are nearly twice as effective as
adjustable restraints. The difference can be
attributed to the fartlures by occupants to position
their adjustable restraints correctly - current
adjustable restraints, when left unextended, do not

adequately protect a person of average height.

Integral seats are far less costly than adjustable

restraints.

Integral seats eliminate about 5 times more 1njuries

per dollar of cost than adjustable restraints.

Adjustable restraints, despite thewr higher cost and
lower benefsit, contjnue to be installed 1n the
majority of cars (through 1981). From our analysis
of auto sales data, 1t appears to us that the high
sales of adjustable restraints, to a large extent,
reflect customer preferences based on styling and

comfort.
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CHAPTER 1

INTRODUCTION

1.1 Federal Motor Vehiclie Safety Standards - the program and its

evaluation

The primary goal of the National Highway Traffic Safety
Administration is to reduce deaths, injuries and damages resulting from
motor vehicle accidents. The Federal Motor Vehicle Safety Standards are
one of NHTSA's principal safety programs. Fach standard requires certain
types of new motor vehicles or motor vehicle equipment sold in the United
States to meet specified safety performance levels. Over 50 standards,
affecting cars, trucks, buses, motorcycles or aftermarket parts, have
been issued since 1966.

The Nationa] Traffic and Motor Vehicle Safety Act of 1966
[52] which provides the authority to issue safety standards, specifies
that each standard shall be “practicable," "meet the need for motor
vehicle safety" and "provide objective criteria." It defines "motor
vehicle safety" to mean protection against "unreasonabie" risk of
accidents, deaths or injuries. Thus, to meet the requirements of the
Act, a standard must:

(1) Incorporate performance tests that can be carried out
under controlied conditions. The test conditions are relevant to some
aspect of operational performance.

(2) Address a specific motor vehicle safety problem.

(3) Be within the financial capability of manufacturers.

The Federal Motor Vehicle Safety Standards set minimum
performance requirements but do not specify the design of safety

equipment. Manufacturers may choose any design that meets or, for that




matter, exceeds the mMINImuUm requirements . They may provide additional
safety equipment which generally mitigates the h1ghway safety problen
addressed by the standard but 1s not actually needed to meet the specific
compliance test requirements

The Government, the motor vehicle manufacturers and ndependent
reeearchers have contributed to the development of motor vehicle

standards. In the case of the early (1968—69)‘standards especialiy, 1t

research and sought self-regulaton through the Society of Automot1ve
Engineers' Recommended Practices. The Government subsequently
promulgated performance requirements that many vehicles were already

meet ing or exceeding,

[44]. The specific objectives of each evaluation were

(1) To defermine 't a standard was actually performing as
Intended.

(2) To determine benefits and costs.

Since 1975, the Agency has recewved a number of directives tgp
continue reviewing 1ts eX1sting standards . In m1d-1981, the extent
legislation and orders governing the review are:

Executive Qrder 12291, dated February 17, 1981, requires
agencies to initiate FéVleWS of ex1sting regulations and perform
Regulatory Impact Analyses of ex1sting major rujes [29]. "Major" rules
include, among others, those which result 1n an annual effect on the

economy of $100 million or more. The Regulatory Impact Analysis shal]




the potential costs ond benefits of viable aiternatives to the current
rule, 1f any exist. The Analysis must test whether: (1) The benefits

to society of the existing rule Outwelgh the costs. (2) The net benefits
of the existing fu]e exceed the net benefits of the potent1ally viable
alternatives. (3) The rule, 1n combination with the Agency's other
regulations, maximizes the aggregate net benefits to society taking into
account the condition of the particular industries affected by
regulations, the condition of the national economy, and other regulatory
actions contemplated for the future.

Department of Transportation Order 2100.5 1s dated May 22, 1980
and titled "Policies and Procedures for Simplification, Analysis and Review
of Regulations" [55]. The Department publishes a "Semiannual Review List" .
that shows which evaluations of ex1sting requlations are n progress or
planned and their target completion dates f30].

The Agency published a Federal Register Notice on July 10, 1980
which solicited public views on 1ts safety evaluations, particularly on
which standards should receive priority consideration for evaltuation [28].

The Regulatory Flexibility Act of 1980 requires that
evailuations of existing regulations also consider their economic wmpact
and administrative burden on small busunesges [57]. Most safety
standards, however, primarily affect the major manufacturers and have
little or no impact on small businesses.

The first evaluation published by the Agency was a preliminary
“Evaluation of Standard 214" - Side Door Strength [41]. The report

appeared n September 1979 and assessed the actual costs and actual

benefits of Standard 214 and measured cost- effectiveness.




The main recomnendat ion in public and intra-Agency reviews of
the 214 evatuation was that future veports should include in-depth
analyses of why a standard has heen effective or what have been its
shortcomings - inciuding, if possible, a comparison of statistical
findings with laboratory tests and individual case histories. This would
make the evaluation a more useful tool for guiding possible future
rulemaking activity. That recommendation was followed in the Agency's
"Evaluation of Federal Motor Vehicle Safety Standardg for Passenger Car
Steering Assemb]iés: Standard 203 - Impact Protection for the Driver;
Standard 204 - Rearward Column Displacement,” published in January 1981

[40] and it is also followed in this study.

1.2 What is Standard 2027

Federal Motor Vehicle Safety Standard 202, which became
effective for the front cutboard seats of passenger cars manufactured
after January 1, 1969, aims to prevent excessive rearward motion of the
occupant's head in rear impact crashes. Thereby it seeks to reduce the
incidence of "whiplash" due to hyperextension of the neck [26].

Standard 202 has led to the installation of head restraints in
passenger cars. There are adjustable restraints which are attached to
the seatback and can be moved up or down to suit the occupant. There are
integral restraints which are of fixed height and usually a homogeneous
part of the seatback.

Research organizations, motor vehicle manufacturers and the

medical community contributed to the development of head restraints.

They were optionally availabie on some cars as early as 1964.




The head restraints in cars currently on the road often exceed
the minimum height requirement specified in Standard 2072.

[t s the objective of this evaluation to measure the costs and
benefits of all the head restraints that are actually in cars on the
road, including cars that were voluntarily equipped with restraints hefore
the standard's effective date or voluntarily equipped with restraints that

exceed the standard's minimum requirements.

1.3 Why evaluate Standard 2027

The main reason that Standard 202 was given high priority for
evaluation is that preliminary research suggested that it is one of the
Agency's costlier standards [36].

The evajuation attempts to characterize the achievements of head
restraints in objective cost-effectiveness terms and to compare their
actual performance in crashes to expectations based on testing and
research. Previous accident analyses showed that head restraints do reduce
injuries [54], but did not fully address whether the restraints’
performance in highway accidents lives up to costs or expectation.

The "evaluation provides the first statistically significant

comparisons of adjustable and integral restraints.

1.4 Contents of the evaiuation

Chapter 2 describes the principal findings and conclusions of the
evaluation. It also summarizes why head restraints have been effective and
assesses the strengths and weaknesses of the analyses.

Chapter 3 surveys the safety problem addressed by Standard 202.

It describes the number, severity and mechanisms of passenger car occupant

injuries in rear impact crashes.




Chapter 4 vevicws the history of head restraints from theiy
initial development to theiv current sa]gg trends.

The overall effectiveness of head restraints is estimated in
Chapter 5, based on a literature review and analyses of Texas, National
Crash Severity Study and Fatal Accident Reporting System data.

The effectiveness of integral and adjustable restraints is
compared in Chapter 6, based on a literature review and analyses of Texas
and NCSS data.

Chapter 7 estimates the actual costs, benefits and
cost-effectiveness of head restraints, both overall and separatety for
adjustable and integral restraints. _

Chapter 8.examines the fe]ationshib between head restraint

height and injury risk. This relationship is a key to understanding

"why" head restraints have been effective.




CHAPTER 2
FINDINGS AND CONCLUSIONS

The results from the evaluation of Standard 202 {(Head Restraints -
Passenger Cars) are presented in this chapter. The findings are based
on statistical analyses of the National Accident Sampling System
(NASS), the National Crash Severity Study (NCSS), the Fatal Accident
Reporting System (FARS) and Texas accident files for 1972, 1974 and
1977; a component cost analysis of a representative sample of vehicles;
analyses of vehicle sales; a review of the literature on Taboratory and
crash test results, clinical analyses of selected accident and injury
cases and statistical accident analyses; and discussion with engineers

about the research, rulemaking and enforcement activities related to

head restraints.

2.1 Principal statistical findings

The problem

o In 1979, when 86 percent of the passenger cars on the
highway were equipped with head restraints, 446,000 drivers and right
front passengers were injured in rear impact crashes (confidence
bounds: 330,000 to 560,000). There would have been 502,000 injuries

if none of the cars were equipped with head restraints {confidence

bounds: 370,000 to 640,000).




o The severity of rear impact crash injuries was:

Number of Victms Percent of Victims
Fatal 700 0.1
Nonfatal njury and treatment:
Hospitalization 16,000 3
Emergency room 130,000 26
Doctor's office 130,000 26
Not treated 220,000 _44
100

o 73 percent of the njuries occurred in nontowaway crashes.

o The types of 1njuries in 1979 were:

Percent of Victims

Whiplash 60
Whiplash plus other injuries 18
Nonwhiplash 22

o 35 percent of the injuries were not Tisted in police

reports.

o- Whiplash victims missed an average of 4 days of work.




Sales of 1ntegral restraints

0 28 percent of the cars sold during 1969-81 had 1ntegral head

restraints.

0 The market share for integral restraints peaked at 39 percent
in 1975, decined to 22 percent by 1978, but recovered to 33

percent by 1981.

Height and positioning of restraints

o Standard 202 requires that adjustable restraints, when fully
extended, provide a 27.5 inch seathack. But 75 percent of the
occupants leave their adjustable restraints down. As a result,
75 percent of adjustable restraints are actually positioned at

a level where seatback height is less than 27.3 1nches.

0 85 percent of integral seatbacks are 28 nches or taller - 1.e,,

they exceed the minimum height requirement of Standard 202.




Effectiveness of head restraints

0 Head restraints reduced the overall risk of driver injury 1in

rear impacts, as follows:

Injury Reduction (%) Confidence Bounds
Integral restraints 17 9 to 25
Adjustable restraints 10 4 to 17
{75 percent of which are
not extended)
Average of integral and adjustable 13 7 to 19

(weighted by crash involvement rates)

Benefi1ts of head restraints

o There would have been 502,000 drivers and right front
passengers injured in rear impacts in 1979, 1f none of the
cars were equipped with head restraints. If all cars had
been equfpped with them, this number would have been reduced

as follows:

Number of Injuries

Prevented Confidence Bounds

Fleet of 100 percent 1ntegral

restraints 85,000 40,000 to 130,000
Fleet of 100 percent adjustable

restraints (75 percent of which

would not be extended) 52,000 17,000 to 87,000
Fleet with 1979 mix of integral

and adjustable restraints 64,000 28,000 to 100,000
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Cost of head restraints

o The average consumer cost of head restramnts, per car, n 1981

dollars:
Car Purchase Lifetime Fuel Lifetime
Price Increase Consumpt ion¥ Total Cost
Integral restraints $ 6.65 $ 5.68 $12.33
Adjustable restraints 24.33 15.81 40.14
Sales-weighted average 19.38 12f97 32.35

*@ $1.51 per pound of weight added to a car

Lost-effectiveness

0 The average societal cost of a whiplash injury is $670 (in
1981 doltars); this amount does not include a value for pain
and suffering. The average insurance compensation for whiplesh
victmns' economic losses and pain and suffering is $2150.
Thus, $670-2150 is a reasonable price for avoiding whiplash, 1f
we accept societal costs and insurance compensation as proxies
for a range of what persons would be willing to pay to avoid
mjuries. When $670-2150 per whiplash are divided into a
miliion dollars, we obtain a range of 460-1500 whiplashes. Thus

460-1500 whipiashes eliminated could be thought of as a

reasonablie level of benefits per million dollars spent on

whiplash protection.

1




o The number of injuries eliminated by a mi1Tion dollars worth

of head restraints 1s

Injuries EYiminated Per
M1171ion Dollars of Cost

Integral restraints 690
Adjustable restraints 130
1979 mix of 1integral and adjustable 200

Fffectiveness as a function of head restraint height

Confidence Bounds

360 to 1060
40 to 220
90 to 310

o Increases 1n the height of restraints would achieve the following

reductions relative to the injury risk with the current mix of

integral, properly positioned and mispositioned adjustable

restraints:
Height of the Injury Reduction Relative
Restraints* to Current Restraint Mix (%} Confidence Bounds
31 inches ' 9 2 to 23
30 inches 8 2 to 18
29 inches 7 2 to 11
28 nches 4 2 to 6

*As positioned by the occupant

12




2.7 Discussion of and1ng§

2.2.1 The probiem: 1njuries in rear impact crashes

Standard 202 was promulgated to reduce the frequency and
severity of neck injuries to drivers and right front occupants of
passenger cars 1in rear impact crashes. Pre-standard seats, in general,
did a good job protecting occupants from serious injury. The seatback
Ts @ smooth, padded surface that gradually dissipates the occupant's’
load when he is driven back into the seat by rear impact crash forces.
Its shortcoming, however, was that it was not tall enough to adequately
support the occupant's head and neck. Crash forces jerk the occupant's
head rearward while the seatback holds his torse in place. The
resultant strain on the neck may produce a variety of injury symptoms
known collectively as "whiplash,"

| The starﬁ?ng point for the evaluation is to determine the
number of drivers and right-front occupants of passenger cars who would
be 1njured 1n rear mpact crashes without Standard 202. Specifically,
how many casualties would there have been in the United States during
the base year for this evaluation - 1979 - if no cars had been equtpped
with head restraints (but the accident environment was otherwise that
of 1979)7

The National Accident Sampling System (NASS) is a probability
sample of the Nation's accidents during 1979. From this file, it is

possible to obtain directly an estimaté of 446,000 drivers and

13




right-front passengers who were actually njured n rear wmpacts in

1979 (confidence bounds: 330,000 to 560,000). By that time, however, 86
percent of the cars on the highway had head restraints. The average
effectiveness of head restraints in cars on the road during 1979 was 12.8
percent. If none of the cars had been equipped with head restraints, the
number of casualties would have increased to 502,000 (confidence bounds:

370,000 to 640,000 ~ one sided®= .05, see Section 3.1.2).

The National Accident Summary (NAS) is a census of police
accident reports from 39.States for the year 1971. From this file, in
combination with certain NASS statistics, a corresponding estimate of
594,000 casualties is obtained - a quantity well within the confidence

bounds of the NASS estimate (see Section 3.1.3).

Rear impact crash injuries are, on the average, less severe
than injuries 1n other crash modes. The seat and seatback, as
ment ioned above, provide good “occupant packaging" in rear impacts
{except for the neck). The rear structure of a car dissipates crash
'energy gradually. Rear impacts rarely involve fixed objects or
vehicles moving 1n opposite directions - the most dangerous crash

types. Table 2-1 clearly shows that rear impact mnjuries are far
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Tess likely to be fatal or serious than injuries 1n other crash modes.

(See Section 3.2 for further discussion.)

TABLE 2-1
[NJURY SEVERITY IN REAR IMPACTS VERSUS OTHER CRASH
MODES: FRONT OUTBOARD PASSENGER CAR OCCUPANTS, 1979

Rear Impacts " Other Crash Modes

Treatment/Mortality N Column % N Column %
Fatal 3 700 0.1 24,000 1
Hospitalization . 16,000 3 330,000 14
Emergency room 130,000 26 770,000 33
Doctor's office ‘ 130,000 26. 220,000 10
[njured-but not treated 220,000 44 970,000 42

TQTALS 500,000 2,310,000

Table 2-1, on the other hand, also shows that rear impacts
account for a substantial portion of the less severe crash injuries.,

A distinctive feature of rear impact crash injuries is that
they often occur in jow severity crashes: 73 percent of the injuries
occur n nontowaway crashes. By contrast, in other crash modes, only.
32 percent of the injuries are 1n nontowaways. This 1s because 1t
doesn't take a high crash velocity to produce whipiash, the most common

type of rear impact crash injury.
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Whiplash 1s & noncontact njury to bissues in the neck: the
muscies, ligaments or vertebrae. It happens when crash forces cause
displacement or rotation of the head re]at1vé to the torso to the
degree that the neck 15 extended, twisted or flexed beyond 1ts normal
range of motion. (See Section 3.3.1 for further discussion.)

The most common form of whiplash 1n a rear Impact of a car
without head restraints involves the unsupported head moving backwards
and downwards relative to the fixed torso, with resultant
hyperextension of the neck. This 1s the principal njury mechanism
that head restraints are designed to mitigate.

This sequence of events, however, 1is by no means the only one
that leads to whiplash.

Neck pain and stiffness is the most common whiplash symptom.
But involvement of the cervical nerves and spine often leads to
symptoms 1n the head, shoulders, arms or upper back. In nearly all
cases, however, the injuries are neither visible nor detectable by
X-rays.

The pain and disability associated with whipltash may last
anywhere from several days to a year. Whiplash victins in the National
Crash Severity Study missed an average of 4 days of work.

Whiplash symptoms often take hours or days to appear.
Partiatly because of this, they are not reported to the police in about
35 percent of the cases.

in 1979, 78 percent of the persons injured n rear impact
. crashes had whiplash symptoms. That inciudes 60 percent with

whiplash-related injuries exc1us1ve1y plus 18 percent with whiplash and
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nonwhiplash injuries. Since, in 1979, head restraints were installed in
86 percent of the cars on the road, 1t may be presumed that the
preponderance of whiplash relative to other mjuries was even greater
prior to Standard 202. (See Section 3.3.3 for further discussion.)

The nonwhiplash injury mechanisms that are known to occur in
rear mmpacts are:

0 Rebounding from the seat and striking the stéer}ng

assembly, windshield, etc.

0 Ramping: crash forces propel the occupant up toward the
roof - or toward the back seat if the front seat tilts

backwards
o Contact with side surfaces; ejection through side doors
0 Burns from postcrash fires
0 Superficial arm and leg injuries from interior contacts

As njury severity increases, the preponderance of whiplash
sharply decreases. Whiplash was the most severe injury of 65 percent
" of the nonhospitalized victims but only 36 percent of the hospitalized
ones. The rear impact Fata]1tigs that haye beén fully documgnted (28)
primarily involved occupant compartment collapse, fire, ejection and/or

ramping/seat failure (see Sections 3.3.3 and 3.3.4).

17




2.2.2 Integral and adjustable restraints

A major objective of the evaluation 15 to compare the two main
types of head restraints - integral and adjustable - n regard to theiwr
operational characteristics, market shares, their ef fectiveness (Section
2.2.3) and cost (2.2.4).

An 1ntegra1 restraint, most commonly, consists of little more than
a seatback which, behind the driver's and right front seat positions, 15
tall enough to meet or exceed the 27.5 inch height requirement of Standard
202 by itseif, without any attached pad or restraint. A much rarer
alternative type consists of a fixed restraint attached to the top of the
seatback, with openings to allow the driver to see through 1t. During
1969-81, 28 percenf of the cars sold in the United States had integral
restraints.

Adjustable restraints are not part of the seatback but are
separate pads which are attached to- the seatback by sliding metal shafts.
The occupant may slide the restraint to the top, bottom or any intermediate
position. Standard 202 requires that the restraint reach at least 27.5
inches above the seat cushion when it 15 1in the "up" position, but there 1is
no minimum height requirement for the "down" position {see Sections 4.2 and
4.3).

The principal.safety advantage of ntegral restraints 1s that they
do not require action by the occupant to 11ft them to a level that provides
adeqguate support. This 1s a very distinct advantage because, n fact, 75
percent of the adjustable head restraints in cars on the highway are left in
the "down" position by the occupants (see Section 4.4). As a resull, the

actual median height of adjustable restraints, in the positions in which
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they are set by Ecéupants, 15 tess than 26 inches. By contrast, the actual
medi1an height of 1integral restraints 1s over 28 inches. S5ince the median
height of pre-standard seathacks was about 22 inches, adjustable seats n
effect provide only two thirds as much additional height as integral seats
provide (see Section 8.3.1 for the complete height distributions).

Other possible safety advantages of 1integral restraints are
that they furnish a smooth surface, homogeneous with the seatback,
without exposed metal parts. |

A disadvantage of the ordinary type of integral restraint which
was demonstrated 1n laboratory tests [11] 1s that it may obstruct a
shorter-than-average (e.g., 5 feet 2 inches} draver's vision to the rear and
to the back\part of the right side window. We do not know if the
see-through types of 1ntegra1'restra1nts eliminate this problem, since no
laboratory data on them has bz2en published. A related shortcoming, which
has been suggested n mnnufacturers' subm1551ohs to the Agency's public
dockets [65], 1s that integral restraints may contribute to a feeling of
1solation between front and rear-seat occupants. Both of these problems are
presumably not so great n cars with bucket seats: partly, because 1t 1is
casier to see around a bucket seat; partly, because Standard 202 only places
a 6.75 1nch width requirement on head restraints for bucket seats, but a 10
inch requirement for other kinds of seats (see Section 4.4}.

Have vision obstructions associated with integral restraints
increased the risk of accidents {i.e., because drivers are unable to see
cars in adjacent lanes)? The authoritative Indiana Tri-Level Study on the
Causes of Accidents indicates that the effect, if any, 1s negligible. In
that study, only 0.1 percent of the accidents were attributed to "vision
obstructions due to objects 1n'or attached to vehicles" - a class that

includes many objects besides head restraints.

19




The manufacturers wnitially produced and sold large numbers of
integral restraints, presumably because of their lower costs and safety
advantages. Table 2-2 shows that the market share for integral restraints
increased from 9 percent n 1969 to 34 percent n 1972. During 1972,
integral restraints were installed not only on 71 percent of the cars with
bucket seats but alse on 17 percent of the bench seats and 32 percent of the
splat bench seats. After 1973, however, production of integral restraints
on hench and split bench seats waned rapidly. The market share for integral
restraints, which peaked at 39 percent 1in 1975, had dropped to 22 percent 1in
1978. In that year, integral restraints were installed on only 56 percent
of bucket seats and had nearly disappeared from bench and split bench seats.
Integral restraints made a comeback during the 1979-80 downsizing wave,
during which large numbers of small, weight-conscious cars with bucket seats
were produced. They regained their 39 percent peak market share 1n 1980 and
leveled off to 33 percent in 198l.

A more detailed, model-by-modei analystis of 1980-81 car sales
indicates that:

o On the majority of makes and models, the customer has a choice
of adjustable or 1ntegral restraints. On large cars, the
choice is typically adjustable bench, adjustable split bench
or integral bucket, at the same cost. On smaller cars, the
choice is standard bucket seats with integral restraints or

extra-cost deluxe bucket seats with adjustable restraints.

o A large percentage of car buyers, typically 50-90 percent,
choose the extra cost deluxe seat package, which ncludes

adjustable restraints.
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o In generai, the more prestigious the car, the higher the

percent of buyers who choose the deluxe seats with adjustable restraints.

In view ¢f these market trends and in the absence of actual
n-depth surveys of consumer attitudes on head restraints, we speculate that
the high sales of adjustable restraints, to a large extent, reflect customer
preferences based on styling and comfort, Vision obstruct1§ns due to
integral ‘restraints may be an influential factor for shorter-than-average
drivers {e.g., 5 feet 2 inches) but are probably of secondary importance for
the majority of customers. Consciously or, in most cases, unconsciously,
the majority of car buyers have apparently aécepted the idea thgt adjuétab]e
restraints should be one of the features of a'deluxe seat1ng package. (For

further discussion see Section 4.5.)
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TABLE 2-2

PERCENT OF CARS WITH INTEGRAL RESTRAINTS,
BY MODEL YEAR AND SEAT TYPE

Percent with Integral Restraints

Model Year Overall Bench Seats SpTit Bench  Bucket Seats
1969 9 | 0 0 27
1970 17 1 31 59
1971 28 7 35 65
1972 34 17 32 71
1973 35 7 17 | 82
1974 32 10 8 70
1975 39 8 7 76
1976 31 3. 3 7
1977 30 2 4 71
1978 22 4 0 56
1979 - 25 — N/A ——

1980 39 —_— N/A —
1981 33 © —— N/A ——
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2.2.3 Effectiveness of head restraints

Head restraints are, essentially, extensions of the seatback
behind the driver and right front passenger. They are designed to make
the seatback tall enough to provide support for the occupant’'s head and
neck and to prevent an excursion of the head hehind the plane of the
seatback. Thus, they are designed to mitigate the most common form of
whiplash {neck hyperextension due to rearward and downward motion of

the head relative to the torso).

Laboratory and crash tests demonstrated positively that head
restraints have the potential to mitigate this form of whiplash (see
Section 8.2). It as not so clear that they would be effective agaﬁnst
other forms of whipTlash, such as torston, translation or lateral
rotational forces on the neck (see Section 3.3.1). Head restraints,
generally speaking, would not have much effect on nonwhiplash njury

mechanisms.

Moreover, the potential of head restraints to mitigate the

common form of whiplash may be diminished because

0 An adjustable restraint was mispositioned by an occupant

0 The restraint was not tall enough to support a tall

occupant’s head

0 Ramping by the occupant jifted his head beyond. -the

restraint

0 The occupant had been Teaning far forward and his head was
unsupported during the njury-producing kinematics.

(For more discussion, see Section 4.4.)
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In view of these .considerations, hdad testraints cannot be
expected to eliminate all rear mpact crash injuries nor even all rear
impact whiplash injuries but can be expected to eliminate a substantial
proportion of the injuries that involve rearward hypgrexten51on of the
neck.

The primary estimates of head restraint effectiveness are
derived from the 1972, 74 and 77 Texas State accident files.
Effectiveness estimates are obtained for integral restraints,
adjustable restraints and a weighted average of the two that reflects
the current (1978-81) on-the-road mix af head restraints.

Texas State data are used for the primary estimates because
the more detailed, investigator-collected data files such as the
National Crash Severity Study do not contain a large enough sample of
pre-Standard cars for statistically meaningful results on head
restraint effectiveness {more discussion of NCSS may be found later 1n
this Section). Texas data were chosen in preference to other State
files available to the Agency because rear impacts are clearly
tdentified and because the sample size is very large. Three
nonadjacent years of data were available for access and all were used.
(The nonadjacency of the years makes it -possible to perform the
regression described later in this Section.)

The measure of effectiveness used in the analyses of Texas

data is the reduction of any kind of driver injury in rear mmpacts to

no injury. Since Texas data do not specify the type or source of
injury, whiplash is not singled out from other kinds of injury. Since
the data do not describe the severity of the injuries (most rear impact

injurtes in Texas are simply ciassified level "C" - minor), we cannot
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meaniﬁgfuiiy estimate the effectiveness of head restraints n reducing
severe injuries to fess severe ones. Finally, the analysis ts Iwmited
to dr1veré beﬁause of data problems with right-front'passengefs n
Texas. {For more discussion about Texas daté, see Section 5.3.1.)

Two factors complicate the derivation of effectiveness
estimates. One 1s that the Texas data do not specify whether an.
accident-1nvolved car had integral, adjustable or no head restraints -
the type of restraint can only be inferred from the make, model and
model year and even that only for certain models and years. The other
problem is that cars without restraints are, in general, older than
cars with head restraints. Part of the injury reduction observed for
restraint-equipped cars may not be due to-head restraints. [t may be
due to other safety devices or an artifact of incomplete éccident
reporting for o1derlcars. In the comparison of cars with and without
head restraints, analytic techniques are needed to eliminate or
compensate for the vehicle age differences.

Because of these factors, we had to subdivide the analysis
into 5 steps:

(1) Find the injury reduction for integral restraints
relative to adjustable restraints in cars of comparable age and size.

(2) Find the injury reduction for 1969 model cars {most of
which have adjustable restraints but some have integral and some have
no head restraints) relative to 1968 model cars {most of which have no.
head restraints but some have integral or adjustable restraints},

(3} From the preceding results, it 1s possibie to calculate
the effectiveness of adjustabie restraints and integral restraints

relative to no restraints.
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(4) Take a weighted average of adjustable and integral
restra1n{ effectiveness to obtain the effectiveness of the current
{1978) on-the-road restraint mix.

(5) Two alternative analysis procedures to check the results
obtained in Steps 2 and 3.

These procedures and their results will now be described step by

step:

Step 1 (refer to Sections 6.3.1 and 6.3.2): The 1972, 74
and 77 Texas State accident files were gleaned for those models of |
passenger cars which were equipped primarily with Jjust one type of
restraint. It was possible to draw a sample of 21,205 mostly compact
and subcompact cars involved n rear impacts wherein 96 percent haq
integral restraints. It was likewise possible to find 17,758 cars of
comparable sizes, 97 percent of which had adjustable restraints. (In
order to avoid a vehicle size related bias, intermediate and full-size
cars with adjustable restraints were not selected except in the few
cases where a model had excius1ve1y integral restraints in certain
years.)

Since the cars in the two samples are of the same ages, there
is 11ttle concern about age-related reporting biases. Multidimensional
contingency table analysis is used to remove the possibie biases due to
differences between the two samples in regard to damage severity,
driver age and sex. As noted above, the vehicle weights are similar 1in
the two samples.

The result of the analysis 1s that the driver overall injury

rate (in rear mmpacts) in cars with integrai restraints 1s a
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statast1cé11y significant 7 percent Tcwer than the rate for adjustable
restraints (confidence bounds: 2 to 12 percent). (An njury fate 15
the number of njured drivers divided by the number of crash-1nvoived
drivers.) Since adjustable restraints are so frequently mispositioned,
1t is little wonder that intecral restraints are more effective.

Step 2 (refer to Sections 5.6.71 and 5.6.2 and 3.5): The
1972, 74 and 77 Texas files were gleaned for rear impacts 1nvolving
1968 or 1969 model passenger cars. It was possible to draw a sample of
20,214 rear mpacts of 1968 model cars; 1531 drivers were injured.
There were 23,051 cars of model year 1969; 1605 drivérs were injured.
This is an 8 percent reduction in the injury rate. Since the 1968
model cars are only 1 year older than the 1969 model cars, this
significant injury reduction 13 not due to vehicle age-related
reporting biases. Since no major safety devices (other than head
restraints) that affect rear impact injury risk were installed 1n 1969
cars but absent in 1968 cars, the injury reduction cannot be attributed
to safety devices other than head restraints. In other words, the
reduction is primarily due to the fact that most 1969 models had head
restraints and most 1968 models did not.

Step 3 (refer to Sections 5.6.2 and 6.3.3): 1In fact, 81
pgrcent of the 1969 cars had adjustable restraints, 7 percent had
integral restraints and 12 percent had no restraints. {Recall that
Standard 202 did not take effect till mid-model year 1969.) In 1968, 6
percent of the cars had adjustable restraints, 6 percent had integral

restraints and 88 percent had no restraints. Let I,, Iy, and I, be
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the injury rate with no restraints, adjustable restraints and integral

restraints, respectively. From Step 2, we found that

- mjury rafe f?éq 3 I, + '07114 oI,
iy et TR T T T KL e, T 8 percent

From Step 1, we found that

L,

1- ——— = 7 percent

L,

These two equations are solved to find the effectiveness of adjustabie

restraints to no restraints,

I,
I~ —=— =10 percent

I

and the effectiveness of integral restraints relative to no restraints

1 - -t =17 percent
I
Both effectiveness estimates are statistically significant. Table 2-3

provides the confidence bounds.

Step 4 (refer to Section 5.6.5): There have been no
far-reaching changes n the design of head restraints since 1969. The
only thing that has changed from year to year 1s the mix of adjustable
and integral restfaints In cars on the road. The overall effectiveness
of head restraints for cars on the road 1s the weighted average: of the

adjustable and ntegral effectiveness found 1n Step 3, weighted by the
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adjustable-ntegral mix of crash-involved cars. In the National Crash Severity

Study {1978), 62 percent of the head-restraint equipped cars had adjustable

restraints; 38 percent had integral. Thus, the overall averagé effectiveness of

head restraints for cars on the road in 1978 was

.62 x 10% = .38 x 17% = 13 percent
The 1981 adjustable-integral mix 1s about the same as the 1978 mix, so the
overall average effectiveness for 1981 is also about 13 percént. Table 2-3

provides the confidence bounds for this statistically significant effectiveness

estimate, .

TABLE 2-3
EFFECTIVENESS OF HEAD RESTRAINTS
(Analysts of 1972, 74 and 1977 Texas data)
Overall Injury Reduct 10n
Basis of Comparison In Rear Impacts (%) Confidence Bounds™
Integral vs. no restraints 17 9 to 25

Adjustable vs. no restraints
(75 percent of adjustable
restraints are not extended) : 10 _ 4 to 17

Average of integral and adjustable
(weighted by 1978 crash involvement
rates) 13 7 to 19

Integral vs. adjustable 7 | 2t 12

*One-sided o = .05
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Step 5 (refer to Sections 5.6.1, 5.6.3, 5.6.4 and 3.5): Step 2
relied on a comparison of 1968 and 1969 models alone. Two analysis procedures
that involve a wider range of model years were developed to check the results
of Step 2 and to insure that the results were not due to some 1diosyncracy of
these two model years.

In the first procedure, injury rates are computed by model year
(1965-72) and calendar year (1972, 74 and 77). A regression 1s performed to
determine the injury rate as a function of vehicle age and percent of cars
with head restraints. The objective of the regression 15 to separate the
Injury reduction due to head restraints from the reductions due to other
safety devices and reporting biases. The regression lines, which fit the
data very well (multiple r = .93), lead to an estimate of 12 percent njury
reduction for adjustable restraints (which 1s 2 percent higher than the estimate
from Steps 2 and 3). '

In the second procedure, the rear impact and side impact injury
rates are calculated for 1969-70 model cars and compared to 1967-68 model cars.
There was a 15 percent reduction 1in rear impact injury risk and only a 6 percent
reduction in side impact injury risk. Under these specific circumstances
(viz., a comparison of 1969-70 and 1967-68 models n 1972, 74 and 77 accidents),
1t is not unreasonable to attribute the excess of the 15 percent reduction over
the 6 percent reduction to head restraints - i.e., to use the side impacts as a
control group which refiects injury reductions due to reporting biases or safety
devices other than head restraints. Our assessment of the appropriateness of a
side impact control group is based on a standard-by-standard review of safety
devices in the 1966-70 model cars (Section 3.5) and an analysis of vehicle
age-related reporting biases (the last part of Section 5.6.3). Thus, by this
procedure, the effectiveness of adjustable restraints 1s estimated to be 10

percent (the same as for Steps 2 and 3).
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Praor to this evaluation, one statistical analysis of head restraints
had bheen performed which involved a sample of accidents Targe enough for precise
results. B. O'Neill et al. analyzed 1nsuranée clamms for rear 1mﬁatt crashes of
0-4 year old cars in the Los Angeles area during 1979 [54]. In the pre-standard
cars, 29 percent of the crash-involved drivers claimed they had a neck injury;
n the.post-standard cars, only 24 percent. This is an 18 percent reduction of
neck njury risk (confidence bounds: 10 to 25 percent - see Section 5.1.1). An
18 percent neck injury reduction is highly consistent with the 13 percent
overall 1njury reduction observed in the Texas analysis, in view of the fact
that 80 percent of the rear wmpact 1njury victims had whiplash.

The Natienal Crash Severity Study (NCSS) 1s a probability sample of
towaway accidents. The sample of rear mmpact crashes involving pre-Standard
cars was far too small for a statistically meaningful analysis of head regtra1nt
effectiveness: there were only 967 (unweighted) front outboard occupants of
cars struck 1n the rear and only 179 of them were in pre-standard cars.
Multidimensional contingency table analysis was used to estimate the njury
reduction due to head restraints. The results were: no change 1in overalj
njury risk (confidence bounds: -19 to +14 percent); -22 percent reduction of
neck injury risk {confidence bounds: -72 to +9 percent). When these confidence
bounds are compared to the bounds of Texas and insurance data analyses, 1t is
evident that the NCSS results should be given little weight (see Section 5.2 for
further discussion).

The National Crash Severity Study, however, did contain a large enough
sample of post-Standard cars to confirm that. integral seats are significantly
more effective than adjustable restraints. On NCSS, the overall injury risk 1s
20 percent lower with integral seats than with adjustahle ones (confidence
bounds: 5 to 33 percent) and the neck injury risk 1s 25 percent lower

(confidence bounds: 2 to 43 percent - see Section 6.2).
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Five statistical studﬁes on neck 1njury reduction were performed
prior to this evaluation on in-depth accident samples that were even smaller
than NCSS {13], [31], [32], [46], [61]. Thetir results, which were generally
consistent with the large sample studies, are summarized in Table 2-4. The
weighted average neck injury reduction for NCSS and the other 5 studies was 9
percent - each estimate being weighted by the inverse square of the
confidence interval. (Two other analyses are omitted from the table because
they are suspected of biases; one involved a regression with excessively
correlated independent variables [39]; the other used 1ncompa£1b]e data files

for the pre- and post-standard cases [4]. All of the studies are reviewed in

Section 5.1.)
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TABLE 2-4
RESULTS OF HEAD RESTRAINT EFFECTIVENESS ANALYSES

Confidence  Refer to
Data Source Effectiveness (%) Bounds* Section
LARGE SAMPLE - OVERALL INJURY REDUCTION
Texas, 1972, 74 and 77 13 7 to 19 . 5.6.5
LARGE SAMPLE - NECK INJURY REDUCTION
L.A. insurance claims, 1970 [54] 18 ~10to 25 . 5.1.1
SMALL SAMPLE - OVERALL INJURY REDUCTION
NCSS 0 -19 to 14 5.2.2
SMALL SAMPLE - NECK INJURY REDUCTION
NCSS -22 -72 to 9 - 5.2.2
Rochester, 1972 [61] 15 -4 to 34 5.1.3
North Carolina, 1972-73 [46] 6 -10 to 22 5.1.3
Sweden, 1973 [13] 55 23 to 88 - 5.1.3
MDAI [31] -5 -36 to 26 5.1.3
ACIR [32] _ 0 -30 to 30 - 5.1.3

Average of these 6 studies 9

SMALL INJURY SAMPLE - FATAL OR SERIOQUS INJURY REDUCTION

FARS, 1975-81 (Fatals) 0 or -12%* -29% to 16 5.4
NCSS (hospitalizations) 34 -10 to 54 5.2.2
Texas, 1972 (K + A) 26 0 to 41 5.3.3

*One-sided of = .05

*Avar1ous procedures were used
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Since the predominance of whiplash-type injuries sharply decreases
as injury severity increases, 1t 1s reasonable to expect head restraints to
be relatively less effective 1n mitigating serious injuries. Serious njury
reduction was estimated using Texas files {"K" or "A" injuries) and NCSS
(hospitalizations). Because serious casualiies are uncommon 1n rear impacts
(see Table 2-1}, the results of the analyses:were not statistically precise.
None of the analyses, however, indicated a significant reduction of serious
injuries by head restraints. The results and their confidence bounds are
shown in Table 2-2.

There has been concern that head restraints could pose an njury
nazard to rear seat occupants in frontal crashes. Two statistical analyses
suggest that the hazard, if any, is negligible [31], [63] (See Section 4.4i.

There have been 28 fatalities in rear impact crashes for which
in-depth information on the causes of death is available. (These cases,
investigated by multidisplinary, NCSS or NASS teams during 1968-79, are less
than 1 percent of the rear wpact fatalities that have occurred n the United
States during that period.) A case-by-case review (see Section 3.3.4)
suggests that the possible effect of head restraints on fatalities 1s small
(viz., they might have made a difference in 3 of the 28 cases) and does not
indicate whether the effect, if any, 1s beneficial or detrimental.
Statistical analyses of accident data produce similar findings. Analyses of
Fatal Accident Reporting System data found no significant effect for head
restraints: depending on the procedure used, the results varied from no change
to a nonsignificant 12 percent increase due to the restraints (see Section
5.4). Analyses of the trend in fatal rear-end collisions during 1966-80 (the
time during which a fleet with no head restraints was replaced by a fleet

with restraints) shows that the number of fatal rear-end collisions has
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decreased by a few percent, both n absolute terms and relative to other fata]
coliisions {see Section 5. 5) The effect of head restraints on fataltties

seems to be negligible.
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2.2.4 Benefits, costs and cost-effectiveness

The benefits of head restraints are defined to be the number
of injuries that would have been prevented in the base year 1979 if all
cars on the road had been equipped with restraints - assuming the same
mix of integral, properly positioned and mispositioned adjustable
restraints that actually previiled in the restraint-equipped cars that
were on the road during that year.

Since there would have been 502,000 rear mmpact injuries n
1979 if none of the cars had head restraints, {see Section 2.2.1), and
since the current mix of restraints would have eliminated 12.8 percent

of these injuries (Section 2.2.3), the benefits of head restraints are

64,000 injuries elwminated (confidence bounds: 28,000 to 100,000. - see
Section 7.3). '

Table 2-5 shows that a 100 percent integral restraint fleet
would result in annual benefits of 85,000 injuries elwminated; a 100
percent adjustéb]e restraint fleet would eliminate oniy 52,000 injuries
- assuming occupants position the restraints at the levels actually
observed in 1979. Table 2-5 also breaks down the benefits by seat
position: just under 75 percent of the benefits accrue to drivers; the
remainder to right front passengers.

The costs of head restraints are defined to be the average
costs of the restraints which were actually installed in cars that were

on the road during 1979 - 1.e., wn cars that were sold up to that date.

The costs are expressed in 1981 dollars.
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The cost of head restraints 1s the net increase in the
Tifetime cost of owning and operating an automobile. There are two
prancipal sources of Increased cost:

(1) The consumer price increase due to the addition of head

restraints

(2) The lifetime increase in fuel consumpt ion resulting from

the incremental weight of head restraints.

In the Agency's_cost estimation procedure, representative
post-standard head restraints and seatbacks and, where needed,
pre-standard seatbacks are torn down and examined in detail. The
incremental consumer cost and weight are estimated for the post-standard
components. The consumer cost includes materijals, labor, tooling,
assembly, overhead, manufacturer's and dealer's markhps and taxes. A
sales weighted average was used to determine the overall cost and weight
per car, for 1ntegra1 and adjustable restrajnts and for‘a11 cars
combined. (For further discussion, see Section 7.2.1.)

Each pound of weight added to a car results in average fuel
consumption of 1.1 gallons over the lifetime of the average car [17].

At 1981 fuel prices, this amounts to a $1.5] penalty per added pound.
At 1981 fuel prices, this amounts to a $1.51 penalty per added

pound.

38




TABLE 2-6

AVERAGE COST PER CAR FOR HEAD RESTRAINTS
(1981 Dollars)

Purchase Incremental Lifetime ~ Total
Price Weight . Fuel  Lifetime
Increase {Pounds) Penalty Cost -
Integral $ 6.65 3.76 $ 5.68 $12.33
Adjustable $24.33 10.47 $15.81 $40.14
‘Fleet average  $19.38 . 8.59 $12.97 $32.35

Table 2-6 shows that 1nsta11at10n_of head restraints added
an average of $32 (1in 1981 dollars) to thé lifetime cost of dwning '
and operating a car. This 1s the average for cars on the road in
1979: a fleet thaf was 28 percent integral and 72 percent adjustable
restraints. (The same mix prevailed in 1981.)

Integral restraints cost about $12 over the lifetime of a
car; adjustable restraints cost $40. Adjustable restraints are
costlier than integral seats, above all, beciuse they are far more
complex 1n design. They are also over twice as bulky (see Section
7.2.2}.

Since very nearly 10 million cars wefe sold annually during
the 1970's, the annual average cost of head restraints was $324

miliion ($32.35 x 10,000,000).
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If all cars on the road had been equipped with integral
restraints, the annual cost would have been just $123 million; a 100
percent adjustable restraint fleet would cost $401 million per year.

The cost-effectiveness of head restraints 1is expressed by the

number of injuries eliminated per million dollars of cost. Since the

1979-81 mix of head restraints eliminates 64,000 injuries per year
(Table 2-5) and costs $324 m111ion per year (in 1981 dollars), the

cost-effectiveness 1is

GHJOOO,/Sav = 200 injuries eliminated per million dollars

The confidence bounds {one-sided &L= .05) are 90-310 1njuries per million
dollars.

Integral restraints eliminate 690 injuries per million dollars
(confidence bounds: 360-1060); adjustable restraints, only 130 (confidence
bounds: 40-220). Thus, integral restraints are significantly more
cost-effective than adjustable restraints.

Table 2-7 gives a further breakdown of cost-effectiveness by
restraint type and seat position. Since the restraints for the driver
and right-front passenger are usually identical, half of the total cost
is assigned to each position. (This is not meant to be a cost éstdmate
for a hypothetical vehicle with only one restraint-equipped position,
but an assignment of costs, by position, for existing vehicles.) Cost-
effectiveness ranges from 1020 injuries eliminated per.m11110n doliars

worth of drivers' integral restraints down to 60 for passengers' adjustable

restraints.
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What 1s a “"reasonable" price range.for consumers to pay 1in
order to avoid a whiplash injury? To a le?ted extent, this can be
answered by examining the societal costs and Trability payments for rear
mpact injuries. The societal costs of rear impact injuries {medical costs
lost wages, Tegal and insurance administration costs) were found to average
approximately $670 in 1981 dollars. Liability paymerts for whiplash, which
include compensation for the victim's pain and sﬁffering as well as the
economic losses, averaged $2153 in 1981 dollars. These two estimates {when
divided into a million dollars) establish a range of 460-1500 whiplashes
eliminated as a reasonable Tevel of benefits per million dollar$ of
consumers' expenditures on whiplash protection. (See Section 7.4 for

further discussion.)

2.2.5 Head restraint height and injury reduction

The purpose of a head restraint is to effectively extend the
seatback up to a height where 1t provides adequate support for the
occupant's head and neck. Standard 202 sets a 27.5 inch height
requirement for integral seats and for adjustable restrajnts in the "up"
position. In actual vehicles, most integral restraints exceed this
requirement while most adjustable restraints are mispositioned and, in
effect, fail to meet it (see Section 2.2.2).

o MWhat is the relation between head restraint height and

injury reduction?

0 To what extent is adjustable restraint performance degraded

because occupants misposition thém? |

0 What would be the effect of making restraints taller {or

shorter)?
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Anthropometric study of the distribution of seated heights of
adults, the lengths of their necks, etc., suggests that a head restraint
height of 39 percent of an occupant's standing height (e.qg., 27 1/2
inches for an occupant 70 inches tall) will provide adequate support for
the occupant's head and neck. A restraint taller than that would not
provide much additional support. A restraint shorter than 31 percent of
the occupant's standing height (e.g., 22 inches for a 70 inch occupant)
would essentially not support the neck at ail. Restraints between 31
and 39 percent of the occupant's standing height give intermediate
Tevels of support. (For further discussion, see Section 8.1.)

It is important to note, in this context, that the "correct"
or "incorrect" positioning of an adjustable restraint is not an "all or
nothing® proposition. An adjustable restraint in the "down" position
(typically 25 inches) still provides partial support for a 64 inch
occupant. Even a pre-standard seatback (typically 22 inches) gives
partial support for a 62 inch occupant. In other words, even though 75
percent of adjustable restraints are left in the "down" position by the
occupants, they are still providing partial benefits in this position,

The results of a Timited number of sled tests with 22, 24, 26
and 28 inch restraints and 70 inch dummies appear to be qufte consistent
with the predictions of the anthropometric study. Crash test results
are also generally consistent with the predictions, except that in some
crashes the occupant ramped upwards 1n the seat, thereby effectively
lowering the restraint. If ramping is a significant problem in

highway crashes, it would take restraints that are greater than 39
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percent of the occupant's standing height to provide adequate support.
(See Section 8.2 for further discussion.)

The National Crash Severity Study cases include measurements
of occupant height, restraint height and type and injury severity., [t
is possible to perform a regression on injury severity as a function of
restraint height divided by occupant height., The NCSS sample size,
however, was too small for statistically significant regression
coefficients. The results, however, were consistent with the
anthropometric predictions: they suggested that restraint effectiveness
increases as restraint height increases from 31 percent to 39 percent of
occupants' height. Effectiveness increases to a much lesser extent as
their height s increased beyond 39 percent of occupants' height (see
Section 8.3.2).

Since NCSS, by itself, 1is too sma}l a sample to provide a
statistically meaningful relationship between restraint height and
injury, another approach was used:

The Texas files provide reliable estimates of the fe]at1ve
njury risks with integral, adjustable and pre-standard seats. NCSS
provides reliable distributions of restraint height relative to occupant
height for the 3 systems. Based on the anthropometric study, 1t is
proposed that injury risk is constant for seatbacks Tess than h, percent
of occupant height; injury risk decreases at a linear rate as restraint
height increases from hy to he + 8 percent of occupant height; injury
risk is constant above h, + 8 and is € percent lower than at h,. What
values for hy and g will generate the effectiveness results obtained
from Texas - i.e., that adjustable restraints are 10 percent better than

no restraints and integral restraints are 7 percent better than

adjustable restraints?
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The solution for h, is 35 percent of occupant height
(confidence bounds: 30-40 -.see section 8.4.1). In other words,
restraints begin to provide support 1f they are h, = 35 percent of the
occupant's height and provide adequate support at hy + 8 = 43 percent or
more of the occupant's height (30 inches for a 70 inch occupant). These
point estimates are respectively 4 percent higher than the predictions
from the anthropometric study. Although the confidence bounds suggest
this difference could be due to chance, it is also possible that
occupant.ranping is taking place in highway crashes to an extent that
taller restraints are needed for adequate protection.

The solution for € is 23 percent (confidence bounds: 14-42
percent). This 1s the hypothetical "full" effectiveness of head
restraints. The observed effectiveness of integral restraints in
highway crashes relative to pre-standard seats is only 17 percent
because they do not fully protect the tallest occupants.

Since the Texas effectiveness results are so well predicted by
an ntuitively reasonable model which expresses injury risk as a
function of restaint height alone it is possible to infer that restraint
height is indeed the major determinant of injury risk. If this is the
case, the inferior performance of adjustable restraints, in the field,
relative to integral restraints is mainly due to their mispositioning by
occupants. If all adjustable restraints were correctly positioned, they
would be about as effective as integral seats - i.e., they might reduce

mjury risk by 17 percent rather than 10 percent.
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If the above relationship of restraint height and wynjury
reduction is valid, it becomes possible to predict the potential
benefits of restraints that are taller (or shorter) than those in cars
today (see Section 8.4.3). Figure 2-1 shows the 1ncremental percentage
of injury reduction, relative to the 1979 mix of integral, properly
positioned and m15pos1t10neﬁ adjustable restraints, for a population
consisting exclusively of integral restraints of the height shown on the
x-axis. Similar gains would be achieved by a fleet of adjustable
restraints that attain the indicated height when they are in the down
position. For example, a population cqnsisting entirely of 31 inch
integral restraints would reduce injuries by 9 percent relative to the
current (1979) restraint mix (confidence bounds: 2 to 23 percent).
Further increases in the height of the restraints would have few
additional benefits, because even tall occupants receive good protection
from the 31 inch seats.

A fleet of 28 inch integral restaint vehicles (more or less
the average height of current integral restraints) wouid offer a 4
percent improvement on the current mix of adjustable and integral
restraints.

fach of these projections of injury rates must be considered
speculative at this time. While the projected rates are consistent with
the limited body of laboratory and crash tests that have been performed
in the past, they would have to be confirmed by more extensive testing

or a larger accident sample than was available in NCSS.
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If the above relationship of restraint height and 1njury
reduction is valid, 1t becomes possible to predict the potential
benefits of restraints that are taller (or shorter)} than those 1in cars
today (see Section 8.4.3). Figure 2-1 shows the incremental percentage
of injury reduction, relative to the 1979 mix of integral, properly
positioned and m1spos1t10nea adjustable restraints, for a population
consisting exclusively of integral restraints of the height shown on the
x-axis. Similar gains would be achieved by a fleet of adjustable
restraints that attain the indicated height when they are in the down
position. For example, a population cqnsisting entirely of 31 inch
integral restraints would reduce injuries by 9 percent relative to the
current (1979) restraint mix (confidence bounds: 2 to 23 percent}.
Further increases in the height of the restraints would have few
additional benefits, because even tall occupants receive good protection
from the 31 inch seats.

A fleet of 28 inch integral restaint vehicles (more or less
the average height of current integral restraints) wouid offer a 4
percent improvement on the current mix of adjustable and integral
restraints. .

Each of these projections of injury rates must be considered
speculative at this time. While the projected rates are consistent with
the limited body of laboratory and crash tests that have been performed
in the past, they would have to be confirmed by more extensive testing

or a larger accident sample than was available in NCSS.
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2.3 Summary: why are head restraints effective?

The anaiyses of this evaluation, in combination with previous
studies, suggest that head restraints have functioned according to theiwr
intended purpose: they have reduced the risk of whiplash injuries
involving rearward and downward motion of the head relative to the torso
{neck hyperextension). Thelr success has been demonstrated in
laboratory and crash tests and by their 13 percent reduction of injuries
in highway accidents. Since whiplash symptoms were present 1in 80
percent or more of the persons injured in rear impacts, a 13 percent
overall injury reduction 1s unlikely unless head restraints help prevent
whiplash.

Further evidence that restraints have performed as intended is
offered by the analysis of restraint height and njury risk. The
observed incremental effectveness of integral over (frequently
mispositioned) adjustable restraints in highway accidents is consistent
with an anthropometric. model and test results in which the degree of
neck hyperextension depends on the positioning of the restraint.

At the same time, Taboratory and crash tests did not indicate
that head restraintsrhad substantial unforeseen effectiveness against
injuries other than neck hyperextension. The analyses of FARS and other
accident data did not show head restraints to significantly affect
fatal and serious injuries, which are primarily nonwhiplash injuries.

Is the actual injury reduction in highway accidents - 13
percent - lower than what should have been ahticipated? Does it
indicate a serious shortcoming of head restraints? The answer to both
questions is partly yes and mainly no. Yes, because the frequent

mispositioning of adjustable restraints by occupants is their principal

shortcoming. If all cars had integral restraints (or if all adjustable
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restraints were correctly positioned), effectiveness would have risen to
17 percent. Sti11, this s not much higher than 13 percent.

Is the 17 percent effectiveness of integral restraints lower
than what should have been anticipated? It probably 31s not, considering
the intended purpose of the restraints. Nearly 40 percent of the
victims had at least one nonwhiplash injury. Even if head restraints
had eliminated their whiplash, they would stil1l have had other injuries:
this reduces the highest potential effectiveness to 60 percent.

Clinical case histories suggest that neck hyperextension 1is by no means
the only occupant motion that produces whiplash symptoms. But neck
hyperextension is the only form of whiplash that head restraints are
designed to protect against.

Even against this form of whiplash, head restraints are of
diminished effectiveness if the occupant leans far forward in the seat
or if crash forces or seat tilting cause him to ramp up the seat. Thus,
the potential effectiveness of integral restraints is further reduced.
Finally, even current integral seats offer inadequate protection against
whiplash to tall occupants or in crashes where significant ramping
occurs. Thus, the 17 percent injury reduction of current integral
restraints underestimates the number of injuries that could potentraily
be eliminated by raising seatbacks. In short, current integrai
restraints appear to elmminate a Targe percentage of the njuries that
they can reasonably be expected to eliminate.

What can be done to enhance the effectiveness of head
restraints? It was projected that a change to an all-integral restraint
fleet would contribute a 4 percentage point improvement over the current

restraint mix. An increase in the height of integral restraints to
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31 tnches might Tead to a further 6 percent mmprovement. A swmilar
improvement might be obtalnéd by adjustable restraints that measure 31
inches 1n the down position.

Modifications in the strength, contours or padding texture of
seatbacks and restraints might perhaps reduce the degree of occupant
ramping or rebound. The potential benefits, however, cannot be
estmated by the techniques of this evaiuation.

2.4 Strengths and weaknesses of the evaluation

The principal strength of the evaluation was the consistency
of the statistical accident analyses with laboratory and crash test
results, biomechanical considerations and in-depth accident case
reviews. Findings were consistent in regard to the overall
effect iveness of head restraints, the effect of 1ntegral restraints
relative to adjustable ones, the relation of restramt height to njury
risk and the failure of head restraiﬁts to significantly affect

fatalities and serious injuries.

Furthermore, the only two large-sample statistical analyses of

" head restraint effectiveness that have been performed to date - the

Texas analysis of this evaluation and 0'Nei1l11's study of 1nsurance
claims - produced highly consistent results and confirm one another,.

The principal weakness of the evaluation was the virtual
absence of statistically significant effectiveness findings from the
National Crash Severity Study, the National Accident Sampliing System and
other detailed, investigator-collected accident data thereby precluding
a direct and accurate measurement of wh1p1qsh injury reduction. These
files had too few cases of pre-standard cars 1n rear wmpact crashes for

a statistically significant comparison with cars that had head

restraints. The rear impact sample size was further Timited in NCSS
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because 1t 1s a towaway file whereas 73 percent of rear mpact njuries
occur 1n nontowaways. (NCSS did, however, contain enough post-Standard
cars with adjustable and integral restraints to demonstrate that the
integral restraints were significantly more effective than adjustable
ones.} As Table 2-4 showed, the observed neck injury reduction was
significantly greater than zero in only one of six analyses of
investigator-collected data. In the other 5 studies, the confidence
bounds included a range of positive and negative numbers, with negative
best estimates in 2 of the 5 studies.

As a result, 1t was necessary to rely primarily on Texas State
data for effectiveness estimates. Because State data do not explicitiy
mention the types of injuries (whiplash vs. nonwhiplash), the contact
points, etc., it 1s only possible to measure the overall injury
reduction, not the whiplash or neck injury reduction. There is always a
lingering fear that the observed result -is an artifact, because it is
not based on a direct, explicit measurement of the effect under
investigation. This weakness 1s partly mitigated by the fact that the
overwhelming majority (80%) of rear impact crash injury victims suffer
whiplash. A significant overall injury reduction cannot easily happen
unless there is a reduction of whiplash. Thus even though a whiplash .

reduction cannot be directly observed in the State data, it can be

inferred from the overall effectiveness result.

In the comparison of cars with head restraints to those
without the restraints {but not in the comparison of adjustable and
integral restraints) there is the inherent shortcoming of a
“before-after” design: the cars with head restraints are almost al]

newer than the cars without them. Biases resulting from vehicle age
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differences are especially worrisome :n State data. This vulnerability
was mitigated by the analysis procedures used 1n deriving the
effectiveness estimates. Three largely independent analysis procedures
were used to remove or compensate for age hiases and they produced
nearly identical effectiveness estimates. The procedures were:

(1) Using only 1968 and 1969 model cars for comput ing injury
rates, thereby largely eliminating vehicle age
differences.

(2) Regression of the rear impact injury rate by vehicle age
and type of head restraint, using 1965-72 model cars in
1972, 74 and 77 accident files.

(3) Comparison of 1967-68 versus 1969-70 cars, using side
impacts as a control group. Under these circumstances,

side impacts may be a valid control group.

RetTatively complex statistical estimation formulas were used
i many of the Texas, NCSS and NASS analyses. As a result, many of the
confidence bounds shown in the report are approximate rather than exact.

A major advantage of using three years pf Texas data was the
very large combined sample size. It was possible to obtain statistically
precise results, even on analyses restricted to subsets of the data. The
confidence bounds on the Texas results are narrow. Even if we make
allowance for the bounds being approximate rather than exact, we still

have a high degree of statistical confidence in the results.
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Analyses were performed on three possible "side effects" of
head restraints:

(1) The effect of head restraints on fatalities and serious

njuries.

(2} Head restraints as an injury hazard to rear seat occupants.

(3) Accidents caused by head restraints blocking a driver’s vision.
The analyses did not provide definitive estimates of the size of these effects.
But they did provide strong evidence that the effects, if any, are very small.

The conclusions on why adjustable restraints command such a large
share of the market are based primariily on analyses of production and sales
data, not on in-depth surveys of consumer attitudes and preferences, etc.
These conclusions should be considered speculative.

The relationship between restraint height and njury risk,
especially, could not be derived explicitly from NCSS because of 1ts
inadequate sample size. The height-injury model based on Texas and NCSS
data, although producing qu1te.reasonab1e results, relies on many
assumpt 1ons and should be considered speculative at this time.

The availability of NCSS and NASS greatly strengthened the
evaluation, even though they did not contain enough cases for effectiveness
estimates. NCSS offered reliable joint distributions of head restraint
héight and occupant height for adjustable and 1integral restraints, which
made 1t possible to study the relationship of restraint height and injury
risk. NCSS also provided a lookup table of restraint type by vehicle make,

model and model year, which was used in preparing the Texas data for

analysis.
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NASS 1s a probability sampie of the Nation's reported
accidents. It greatly mproved the reliability of national estimates of
| : the number of njuries in rear impact crashes. The avaitability of the
| National Accident Summary (NAS) for 1971 helped confirm the NASS

estimate,

2.5 Conclusions

0 Head restraints - both the integral and adjustabie types -
have significantly reduced whiplash injuries in rear impact

crashes.

0 Head restraints are effective because they have been
performing as intended -in highway crashes: they support the

head and neck and prevent hyperextension.

0 The restraints do not appear to have had any unforeseen
benefits, such as reducing rear impact fatalities, nonwhiplash

injuries, or forms of whiplash other than hyperextension.

l
|
' Effectiveness of head restraints
o The restraints do not appear to have any significant negative
side-effects, such as increasing rear impact fatalities,
aggravating rear-seat occupants' injuries in frontal crashes
or causing accidents because théy block a driver's view to the

side and rear.
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Integral versus adjustable restraints

0 integra] seats are nearly twice as effective as
adjustable restraints. The difference can be
attributed to the fairlures by occupants to position
their adjustable restraints correctly - current
adjustable restraints, when left unextended, do not

adequately protect a person of average height.

o Integral seats are far less costly than adjustable

restraints.

o Integral seats elimimate about 5 twmes more njuries

per dollar of cost than adjustable restraints.

o Adjustabie restraints, despite their higher cost and
Jower bhenefit, continue to be installed 1n the
majority of cars (through 1981). From our analysis
of auto sales data, it appears to us that the high
sales of adjustable restraints, to a large extent
reflect customer preferences based on styling and

? comfort .
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CHAPTER 3
THE PROBLEM: INJURIES IN REAR IMPACT CRASHES

Rear impacts are far less serious than frontals, side impacts or
rollovers as a sourcé of fatalities and serious injuries. This is partly
because there is ugua11y not much of a "second collision” between the
occupant and the passenger compartment. Instead of colliding violently
with the steering wheel, windshield or other components, the occupant is
forced backwards against a well-padded seatback and "rides down" the
collision remaining in his seat. Another mitigating factor is that rear
impact coilisions usually involve two vehicles travelling in the same
direction or, at Ieast; not travelling in opposite directions. The
crashes are less severe than head-on or fixed-object collisions.

On the other hand, rear impacts are a major source of injuries
at the Tower severify levels. They account for an estimated 500,000
injured passenger car occupants annually, which is nearly one-sixth of all
passenger car occupant injuries. The estimate is derived in this Chapter
from National Accident Accident Sampling System data.

Prior to Standard 202, over 80 percent of these injured
occupants - 1.e., over 400,000 persons annually - suffered from
“whiplash," which is a neck injury mechanism that may cause symptoms in
various body regions.

3.1 The number of injuries in rear impacts

The objective is to estimate the number of drivers and

~ right-front passengers of passenger cars who were injured in rear impacts,

since this is the population at risk to which Standard 202 is directed.
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3.1.1 Estimates from earlier studies

In previous years it was difficult to estimate the number of
injuries in rear impacts because there was no national accident file
containing the necessary information.

B. 0'Neill noted that there are an estimated 3,800,000 rear-end
automobile collisions yearly, according to the 1971 edition of Accident
Facts [54]. The drivers' neck injury rate in his sample of rear impacts
was 29 percent. "If the collision data obtained in [his study] are

typical [of the collisions in Accident Facts] there may be as many as

1,000,000 drivers claiming such injury each year." ([54], p. 403)

The numbers in Accident Facts, however, are known to include a

Targe percentage, probably a majority, of noninjury, unreported "fender
benders". So the injury rate in 0'Neill's sample is probably not typical

of the Accident Facts cases and leads to an overestimate of neck

injuries,

0'Day et al extrapolate from Texas State files to obtain a
national estimate of 2,180,00Q police-reported rear impacts per year
[53]. The vehicles coﬁtain just over 3,000,000 front outboard occupants.
Based on special study follow-ups of police reporteg accidents (such as
States and Balcerak [61]), 0'Day et al estimate that 41 percent of these
occupants suffered whiplash - a total of 1,233,000 whiplashes per year.

The special studies that 0'Day refers to, however, were mostly
performed in New York State, where the police reporting criteria for
accidents are much stricter than in Texas. Occupant injury rates in New

York, as a result, are often more than double the rates in Texas.
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Further evideﬁce that 0'Day's estimate is overstated may be found
in the reported rear-impact injury rate in Texas, which was onT; 8.9 percent
and included whiplash and non-whiplash injuries. If the actual whiplash
rate were indeed 41 percent (as in the special studies) it would imply that

Texas police are underreporting whiplash by 80 percent or more.

3.1.2 The prime estimate: from the National Accident Sampling System

The National Accident Sampling System (NASS) is a probability
samb]e of the Nation's police-reported traffic accidents. [Its first full
year of data was 1979. The dita can be used for national estimates.

Because only 10 teams were in operation, the estimates are not statistically
precise. But the imprecise estimates from NASS are much better than what is
available from other files, in the context of rear impact injuries.

The main difficulties in estimating the number of rear impact
injuries are that

o The majority of them occur in nontowaways

o A large percentage of the injuries are not evident at the

accident scene and are not reported by police.

The first difficulty rules out the exclusive use of a towaway file
such as NCSS. The second makes it undesirable to extrapolate the police
reported injuries in ome or more States to a National estimate. |

The NASS file for 1979 contains 3419 motor vehicle occupants
classified as "injured" according to the NASS'fnvestigator. Each occupant

is assigned a weight equal to the inverse of the probability that his

“accident occurred in an area covered by a NASS team and was selected for

investigation by the team's sampling scheme. The weighted occupant counts
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yield National estimates for 1979. The 3419 NASS cases, when weighted, yield a
count of 3,800,000. In other words, based on NASS, an estimated 3,800,000 motor

vehicle occupants were dinjured in police-reported traffic accidents in 1979. (The

“injuries were not necessarily reported by the police - just the accidents.)

Of these 3,800,000 injured persons, 3,100,000 were passenger car
occupants. Of these, 2,750,000 were drivers or right front passengers. (The
vehicle type or seat position were unknown in We11 under 1 percent of NASS cases
and these unknowns wete discarded.)

"Rear" impacts are defined in this Chapter to be those with damage to
the rear of the car (according te the Collision Deformation Classification {14])
or with primarily rear force direction (5 to 7 o'clock) or whose most severe
impact, according to the investigator, was "rear-end: struck by vehicle" or “rear
impact with object." Vehicles in "other” crash modes are those with known damage
Tocation or known most severe impact type (excluding non-applicable) which are not
defined to be rear impacts. A1l other vehicles are defined to have “unknown"
crash modes according to NASS investigatdrs.

"Towed" vehicles are those which police specifically stated to have been
towed. A1l other vehicles are assigned to the "nontowaway" category in this
Chapter. 7

Table 3-1 classifies the 2,750,000 injured front outboard occupants of

passenger cars by crash mode and towaway status of their vehicle,
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TABLE 3-1

INJURED FRONT OQUTBOARD OCCUPANTS OF PASSENGER CARS,
BY CRASH MODE AND VEHICLE TOWAWAY STATUS, NASS

Crash Mode
Rear Impact Other Known Impact Unknown Total
Nontowaway N 79,900 219,790 769,486 1,069,176
Row % 7 21 72
Towaway "N ‘ 117,442 1,492,466 66,161 1,676,029
Row % B 7 89 4
Row % of Known Cases 7 93 _—

TABLE 3-2
INJURED FRONT OUTBOARD QCCUPANTS OF NONTOWAWAY
PASSENGER CARS, BY CRASH MODE AND NECK WHIPLASH STATUS, NASS
Crash Mode

Rear Impact  Other Known Impact Unknown Total

Persons with neck whiplash N 43,963 40,641 ' - 326,080 410,684
Row % 11 10 79
Row % of known cases 52 48 -

Persons without neck whiplash N 35,937 179,149 443,406 658,492
Row % 5 ‘ 27 68
Row % of known cases 17 83 --
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About 1,680,000 of them occupied cars that were towed from
the scene. NASS investigators ascertained the crash mode in 96 percent.
of these cases. The ratio of rear impacts to other impacts was 7 to
89. The same ratio may readily be assumed for the small number of

towaways with unknown crash mode.

By contrast, the crash mode is unknown for 72 percent of
the 1,070,000 injured occupants of nontowaways. The ratio of rear
impacts to other impacts was 1 to 4, for the 300,000 persons with known
crash modes. It would be possible to assume the same ratio for the
770,000 persons with unknown crash mode, but a little foolhardy. Islit
possible to believe that a fifth of these persons were really involved
in rear impacts? These imputed persons would be nearly as numerous as
those who were known to have been in rear 1mpacts (towaway plus
nontowaway) .

It is prudent to further subdivide the unknown nontowaways
according to another criterion that wou]d_provide some confidence that
imputed rear impacts were indeed rear impacts. The best criterion
appears to be the presence of neck whiplash injury - the type of injury
so characteristic of rear impgcts. Table 3-2 subdivides the
nontowaways by neck whiplash status. An occupant is defined to have
suffered "neck whiplash", in this context, if one of his injuries was
an injury to the neck muscles or an injury to the posterior region of
the neck. This definition excludes the "possible whiplash" cases
discussed in Section 3.3. Its purpose is merely to serve as an aid in

classifying the cases with unknown crash modes.
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The majority of neck whipiash‘sufferers with known crash mode were
involved in rear impacts. It is reasonable to assume that a similar
fraction of the neck whiplash cases with unknown crash mode were
actually rear impacts. On the other hand, only a sixth of the injured
persons without neck whiplash whose crash mode was known were in rear
impacts. The unknowns in this group are assumed to have the same
distribufion of crash modes.

Thus, an estimate of the number X of front outboard occupants
of passenger cars who were actually injured in rear impacts in 1979 is

given by the formula:

m XH'.L
[ m rl.l]'xml * X“l + [ xlu_ + Xn.l X‘SL

iy, + [_ i, yu] X,

where

i=1 - nontowaway i=2 ~ towaway
X353k j=1 - rear impact j=2 - other known j=3 - unknown
k=1 - neck whiplash k=2 - no neck whiplash or

unknown whiplash
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in other words

}; = 43,963 + 169,442 + 35,937 + 74,085 + 117,442 + 4,926 =
445,695 persons actually injured in 1979

Since X is based on a complex estimation formula and a
multistage sample design, it is best to determine the sampling error by

empirical means. A jackknife'procedure was used to determine the

standard deviation of X: the NASS file of injured front outboard
occupants of passenger cars is divided into 10 systematic random
subsamples of equal size. One of the subsamples is removed and X is
calculated for the remaining nine-tenths of NASS, using the same
estimation formula as was used on the full file. The subsample is
returned, another is removed, and the injury rates recalculated, etc.

The variation frow subsampie to subsample is observed (see [40], pp.’

188-189).

Based on the jackknife procedure, X has standard deviation

Sy = 63,970

and (X -‘,)?)/sx is approximately t distributed with 9 df.

(Although NASS is a cluster sample, it was not treated as one
in the preceding calculation of sampling error. Since none of the
other files used in this evaluation is treated as a cluster sample or
otherwise adjusted for regional biases, NASS is treated in a manner

consistent with the other files.)
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So far, X measures the number of injuries that actually
occurred in 1979. The objective is to estimate how many would have
occurred if none qf the cars on the road had been equipped with head
restraints. In féct; 85.7 percent of the cars did have head restraints

(based on Automotive News 1980 Market Data Book [8]). These cars would

have had 1/(1- £} more injuries if they had not been so equipped, where
is the injury-reducing effectiveness of head restraints.

In Section 5.6.5 it is shown that effectiveness

m>
1]

12.8% = .128

H

and its standard deviation -

The number N of 1niurie§ that would have occurred in 1979 if no cars

Dad head resiraints is estimated by

. 87
?'(.143 + T:ﬁf*)
V957
445,695 (.143 + —5=3 ) = 445,695 (1.126)

=7
1 i

501,763 injured persons

65




The standard deviation of N,

A
~ o~ Ve X Var (435 + 357/4-¢))
SN = N At T
X (43 ¢ 857 /00-0))

- 501,763 [ £3.970° 857" v (1/0-0)) 7
‘f‘!‘S,G‘pS"‘ 1026 >

i
57t Var(-e) \ 2

L6 (1-2)*

7 501,763 [ .0206 +

8572 (.0386)" o
L2gr (872)*

= 501,763 [ proe +
)
= 501,763 (,ozoe + .oon)”-

= 73,914

N-is estimated by a product of X and a term involving £.
Since (X -'Q)/sx'is approximately t distributed with 9 df and‘since
the relative variance of X (.0206) completely dominates the relative
variance of the € term (.0011), (N—ﬁ)/SN will also be close to a t
distribution with 9 df.
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A lower _confidence bound (onc-sided « = .05} for N is given

“~t
NI. =N - 1.833$~ = 366,278 injuries in 1979
The upper hound is
Ny FN + 1.833 5, = 637,247 injuries in 1979
The confidence bounds for N are relatively wide because there
were only 10 NASS teams operating in 1979. But the confidence bounds
are narrow indeed when they are compared to the biases in the estimates

picced together from data files that preceded NASS (see Section 3.1.1).

3.1.3 Three alternative estimates

Partial estimates of the number of injuries in rear impacts
can be made from the National Accident Summary, the.Texas State file
and the National Crash Severity Study. The estimates provide
consistency checks for the primary estimate based on NASS.

The National Accident Summary (NAS)Vis a census of police-
reported accidents during 1971 in 39 States. The file contains 433,143
passenger car occupant injuries in rear-end crashes. 1t also contains

42,369 traffic fatalities. Since there were 54,381 fatalities
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in the Unilted States in 1971, a Natienal estimale of Lhe injurics

")

£y, 3%

433,143 = 558,778
B2, 369

This estimate, however, includes
0 Injured occupants in the striking car involved in a
rear-end collision
o Occupants in positions other than the driver's and right
front seat
But excludes
0 Injuries not reported by police
Imputation factors are derived from NASS. The fraction of the
injuries in the struck car is .73. The fraction in front
outhoard seats is .89.l The fraction of rear impact injuries

is .65. Thus the NAS suggests Lhat there were

508,718 (.73) (. 8%)
.65

= 568,515

front outboard occupants actually injured in the rear impacts in
1971.. In that year, about 30 percent of the cars on the road were
equipped with head restraints. Since the effectiveness of the
restraints is estimated to be 12.8 percent (Section 5.6.5), the
number of injuries that would have occurred in 1971 if no cars

were equipped with head restraints is

N

3
= 563,515 (—7 +~'-;_—.-)= 593,550

123,

NS
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This number is relatively close to the straight NASS estimate of
501,763 and well within its confidence bounds of 366,278 - 637,247.
(Actually, this estimate is for 1971 and the NASS estimate for 1979,
but the overall level of casualties for those two years is virtually

the sdme - see Accident Facts for 1972 and 1980 [2], [3].)

The Texas State accident file for 1972 is used in Section 5.3
to obtain estimates of head restraint effectiveness. It can also be
applied in a manner similar to NAS for an estimate of injuries.

The Texas file contains 2106 injured drivers of 1965-68 model
cars that were struck in the rear and were not equipped with head
restraints. In 1972, Texas contained 5.5 percent of the passenger cars
registered in the pnited Statés. Thus, a corresponding national
estimate of this type of injury is

2106 _
Y 38,291

.0
This estimate, however, excludes

o Cars from before 1965 or after 1968

0o Right front passengers

o Injuries not reported by the police

0 Rear impacts whose crash mode was not reported by the

police.
Imputation factors are derived from various sources. The 4 - 7

year-old cars constitute about 30 percent of the population at risk.
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The ratio of front outboard occupants to drivers is 1.34 (based on
NCSS). The fraction of rear impact injuries reported by police is .65
(based on NASS). The proportion of vehicles in Texas with unreported
impact site is ahout .15 [12]. Thus, the Texas data suggest that there
would have been

{1 39
. 3820 Ga) = 309,562 injuries in 1972

N
Texas = 50y (65 )(1-.15)

if no cars had been equipped with head restraints.

This number is well below the estimates based on NASS or NAS.
It suggests thét rear impact crashes are less prevalent in Texas than
in the rest of the United States and/or that police underveporting of
rear impact injuries is greater than the 35 percent experienced in
NASS. It illustrates the inaccuracy of an estimate of a national total
which is based on data from one State.

The National Crash Severity Study (NCSS)} is a probability
sample of towaway accidents, only. In the NASS estimate of rear impact
injuries (Section 3.1.2), towaways accounted for less than 30 percent
of the total. Also, mﬁst of the uncertainty in the NASS estimate was
in the nontowaways, where a large number of cases with unknown crash
modes were presumed to be rear impacts. The towaways on NASS did not
involve a serious missing data problem. But just to be safe, it is
useful to check the NASS towaway estimate against NCSS.

NCSS contains 416 (weighted) injured front outboard occupants

of rear-impacted cars that did not contain head restraints. There were
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2000 corresponding éasua]ties in post-Standard cars. Since the
effectiveness of head restraints is estimated to be 12.8 percent, the
number of casualties would have been

20¢0 ‘
416 + ~——=— = 2710

f— 2%
if all cars had been pré~3tandard.

The NCSS file contains 943 towaway-involved passenger car
occupant fatalities. In 1978, the middle year of NCSS data
collection, there were 28,411 passenger car occupant fatalities in the
United States. Also, 20.5 percent of the NCSS occupants rode in
vehicles whose c¢rash mode was not determined by the investigator. A
national estimate of rear-impact casualties in towaways in 1978, based

on NCSS data, is

Mess,tow = 2710 —gpmm o = 102,701

The corresponding estimate from NASS, for 1979, is 135,000 (see Table
3-4). In general, national estimates based on NCSS have tended to be
Tower than those from NASS (compare, for example, Figure 7 of [51]

with Table 3-3 of [40]).

3.2 The severity of rear impact injuries

Occupant injuries in rear impacts are, on the average, much

less severe than the injuries in other crash modes. Table 3-3 shows
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TABLE 3-3

NUMBER OF INJURIES THAT WOULD HAVE OCCURED IN 1979 WITHOUT HEAD RESTRAINTS,
BY SEVERITY LEVEL: REAR IMPACTS VERSUS OTHER CRASH MODES: FRONT OUTBOARD

Injury Severity

OCCUPANTS OF PASSENGER CARS

Rear Impacts

Other Crash Modes

Fatalities N of persons 700 24,000
Row % 3 97
Column % 0.1 1
Hospitalizations N of persons 16,000 330,000
(non-fatal) Row % 5 95
Column % 3 14
Transported to N of persons 130,000 770,000
emergency room and Row % 14 86
released Column % 26 33
Saw a doctor - N of persons 130,000 226,000
not transported Row % 37 63
Column % 26 10
Injured - did not N of persons 220,000 970,000
see a doctor Row % 18 82
Column % 44 42
TOTAL N of casualties 500,000 2,310,000
Row % 18 82
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that, if no cars had heen equipped with head restraints, there would
have been 2,810,000 front outboard occupants of passenger cars killed
or injured in 1979. Rear impacts would have accounted for 18 percent
(500,000) of these casualties. But they represent only 3 percent of
the fatalities (700 out of 24,700) and 5 percent of the hospitalized
occupants (16,000 out of 346,000). Only 29 percent of the persons'
injured in rear impacts were transported from the accident scene (to a
hospital or emergency room) - whereas 48 percent of the persdns injured
in other types of crashes were transported.

The lower jncidence of serious injuries in rear jmpacts
reflects the rather crashworthy combination of "occupant packaging" and
vehicle structure that a passenger car presents in this crash mode.

The vehicle seat and seatback is a smooth, padded surface that is
already in contact with the occupant at the beginning of a crash. The
crash -forces drive the occupant hack intp the seat, maintaining the
pre-existing contact, with the occupant's load distributed over a wide
surface area. The occupant "rides down" the crash forces gradually,
remaining in his seat. ,Inrpther crash modes, the-crash forces tend to
propel the occupant out of his seat. He becomes a projectile which is
suddenly brought to a stop, poss{bly by a hard or narrow cdntact
surface such as the windshield or steering assembly.

Furthermore, the typical passenger car's rear stru;ture is
long and readily crushable. Both the trunk and the rear seat are
between the front seat occupant and the striking vehicle. Thé

structure dissipates the crash energy gradually, limiting the load of
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the occupant against the seat. By contrast, the front structure 1st
less crushable and somewhat shorter (except in rear-engine cars). Thé
side and roof structures, of course, are quite vulnerable.

Serious injuries also are iess common in rear impacts because
the crashes are of lower severity than in other modes. The most severe
types of crashes are the fixed object collision which can bring a
moving vehicle to a full stop and the head-on collision in which Ewo
moving venicles meet at a higa closing speed. Rear impacts, on the
other hand, rarely involve fixed objects and the closing speed is
usually the difference rather than the sum of the speeds of the
striking and struck vehicles.

There is one area, however, in which pre-Standard 202 cars
did not provide good occupant packaging: the occupant's head and neck
largely extended beyond the top of the seatback, especially if the
occupant was tall.

Table 3-3 shows that 26 percent of the persons injured in
rear impacts were not transported from the accident scene but did go to
a doctor at a later time. Only 10 percent of the injured in other
types of crashes did so. This overrepresentation is due to a
characteristic feature of whiplash, the predominant type of rear impact
injury., The symptoms are often not apparent at the accident scene but
arrive several hours to a week later.

The entries in Table 3-3 are derived as follows: let

A ~
Xijk> X and N be the quantities defined in Section 3.1.2.
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Define the injury severity level

m=1 ~ fatal m=2 - hospitalized m=3 - emergency room

m=4 - doctor's office m=5 - no treatment m=6 ~ unknown

and let Xjjkm be a further subclassification of the NASS counts

Xijk by injury severity.

N1, the number of rear impact fatalities in Table
3-3, is the actual count of front outhoard fatalities in the 1979
FARS, rounded to the nearest 100.

Let Np be the number of rear impact

hospitalizations in Table 3-3. Then

Nl‘-‘-'-z [x“,,_ ‘.xm-::l)(_-m) +~ Xull ("“x"’l;.}‘(_:_—'}:l) + Xl‘-l(xzi(i.hz)] u

where

is an imputation factor for injuries of unknown severity
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Let N3 be the number of rear impact injuries with emergency room

treatment in Table 3-3. Then

o - Pl e () hoe (25 U

where

;"NJ_NL
N-N, -

is the ratio of actual nonserious injuries in 1979 to the number that

would have occurred if no cars had head restraints. In other words,
the injury reduction’ﬁji for head restraints is assumed to apply only
to the three lower levels of injury severity and to be proportionaily
distributed among them.

Ng (doctor's office) and Ng (untreated injuries) are
defined by the same type of formula as Nj3.

01, the number of fatalities in other crash modes in Table
3-3, is the actual count of front outboard fatalities in the 1979 FARS,
rounded to the nearest 1000.

Let p2 be the proportion of motor vehiclie occupants in the
1979 NASS who were killed or hospitalized; p3 the proportion
transported and released; pg receiving other treatment; pg injured
but not treated. The proportions are shown on p. 29 of [51] and are

approximately correct for front outboard occupants of passenger cars.
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Let 0y be the number cf nonfatal hospitalizations in other

crash modes. Then

P
0, = 2,150,0000 -0y - N, - N
2 {j Potps tPyr Py Y :l ] 2 2

where 2,750,000 is the total number of front outboard occupants of
passenger cars who were injured in 1979.
Let O3 be the number transported to the emergency room and

released, in other crash modes. Then

03 =[-.__i_>.3_____ 11750,000} - RN3
Pz "f‘.srf’qrf’.;

04 {(doctor's office) and Og (untreated injuries) are

defined by the same type of formulas as 03.
~ Another distinctive féature of rear impact injuries is that a

substantial majority of them - 73 percent accbrding to Table 3-4 -
occur in crashes where the struck vehicle is not towed away. By
contrast, only 32 percent of the injuries in other crash modes happen
in nontowaways (and an even smaller percentage of serious‘injuries).
Table 3-4 makes it clear that any evaluation of Standard 202 must take
into account the nontowaway as well as the towaway accident
experience.

There are several reasons why nontowaways generate a higher
percentage of the rear jmpact injuries than they do in other crash

modes. The rear portion of a car contains fewer of the subsystems

essential to driving than the front end and the rear structure protects




them better. It takes more damage in the rear to disable a car than it
does in the front. The deceleration pattern in rear impacts hits a peak
during the initial contact with the hard bumper and remains fairly
constant while the soft trunk collapses; as a result, the force levels
on an occupant are nearly as high in low-speed crashes as in high-speed
crashes. Finally, whiplash is an injury that can readily occur at low

velocity levels,

TABLE 3-4

NUMBER OF INJURIES THAT WOULD HAVE OCCURRED IN 1979 WITHOUT
HEAD RESTRAINTS, BY VEHICLE TOWAWAY STATUS: REAR IMPACTS
VERSUS OTHER CRASH MODES: FRONT OUTBOARD OCCUPANTS OF PASSENGER CARS

Rear Impacts Other Crash Modes
Nontowaways N of injured 365,000 750,000
Row % 33 67
Column % 73 . 32
Towaways N of injured 135,000 1,560,000
Row % 8 _ 92
Column % 27 68

The entries in Table 3-4 are derived as follows: let
N N
xijk’ X and N be the quantities defined in Section 3.1.2. The

number of injuries in rear-impact nontowaways is

N [ Xk .
T L (e L T

k=1
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The number of injuries in rear-impact towaways is

N Ky,
% (xu' M [xll. + xzz_-} XT&‘)

_ The number of injuries in other-impact nontowaways is

< i Xlk
Z (Xllk + [xlmixuj)(”k)

k=1

Finally, there are

xu_- i
2. + [ws [Xa.

injuries in other-impact towaways.
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3.3 Injury mechanisms

Most injuries in rear 1mpaci c¢rashes fall within the

conglomeration of mechanisms and symptoms commonly called "whiplash.”

3.3.1 *The enigma of whiplash injuries"

The title of this section is borrowed from a 1969 paper by States,
Korn and Massengill [62]. They considered whiplash an enigma even though they
probably understood more about it than anyone since the term "whiplash® was-

first coined in 1928.

Whiplash is a noncontact injury to tissues in the neck. It may
happen when crash forces cause the neck muscles, ligaments or vertebra to be

extended, twisted or flexed beyond their normal range of motion.

The most common form of whiplash is in a rear impact of a car
wifhout head restraints. The crash forces cause the unsupported head to move
backwards while the torso is held in place by the seatback. Since the neck
attaches the head to the torso, the rearward motion of the head initially
stretches the neck and pulls it backward. Since the neck cannot stretch very
far, it soon exerts a centripetal force on the head and pulls it into a
rotational movement relative to the torso - backwards and downwards. In severe
cases, the occupant's torso remains upright in the seat and the head is

upside-down, facing the rear of the car.

The neck is sharply twisted - hyperextended - and the posterior
tissues of the neck are strongly compressed. The sequence is called

"whiplash" because the motion of the neck - back and sharply around and
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rebounding to the initial position - resembles the cracking of a whip.

The greatest enigma of whiplash is that it ordinarily leaves no
externally visible, pa]pable or radiological evidence of injury, yet causes
pain and disability that may last from a few days to a year or more. The
average whiplash victim in the National Crash Severity Study missed 4 days of
work. It took medical researchers a long time to determine what lesions were
actually characteristic of whiplash. For that matter, it took a Tong time to
convince some that the injuries were not psychosomatic or "Titigation
syndromes." Medical researchers established the reality of whiplash and its
pathology through self-inflicted injuries [49], tests using animals,
electroencephalographic studies and the autopsy of a driver whose car was hit
iﬁ the rear a few seconds after he had suddenly died of a heart attack. These
studies revealed lesions such as muscular and ligamentous tears; hemorrhages
of muscles and other tissues; disturbances to the brain waves or nervous
system damage due to forces transmipted to the upper spinal cord [61](

A second difficulty was to determine exactly what occupant
kinematics were causing the injuries. It turns out that whiplash is no single
injury mechanism. The pattern described previously - rearward rotation of Lhe
head relative to the torso - is now generally recognized as the most common
one.

Whiplash injuries can also occur due to sideways or forward
rotation of the head, although in these cases the shoulders or chin,
respectively, act to limit the excess motion. As a result, whiplash is by no
means limited to rear impacts (see Table 3-2) although it is most common
there. Moreover, the lesions need not occur only at the instant of maxiwum

neck rotation, but perhaps also take place earlier, during the initial
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rearward translation of the head relalive to thoe body, or Tater, when the head
rebounds forward [49]. Torsion injuries may occur if the occupant is facing
partially sideways at the beginning of the rear impact. A1l of these injury
mechanisms are not necessarily mitigatea by a properly positioned head

restraint (see Section 4.4).

The third puzzie is the symptoms of whiplash. The most common
symptoms are pain and stiffness in the neck, especially the posterior neck.
But symptoms may also develop in other body regions as a result of forces
transmitted fo the cervical spinal cord or the nerves emanat ing from the
cervical spine. Disturbance of a nerve may be manifested by symptoms in otner
parts of the body traversed_by-thgt nerve. Thus, whiplash victims may
experience pain, weakness or abnormal response in the shoulders, arms, or
upper back - areas enervated by the cervical nerves. They may experience
headache, concussion, sight or hearing disturbances and other symptoms
involving the central nervous system. Many of the seemingly inexpticable

noncontact injuries in rear impacts are, in fact, due to whiplash.

A fourth unusual feature of whiplash is that it occurs frequently
in accidents of low severity (see Section 3.2). The initial pulse of
acceleration when a car's rear bumper is struck is apparently sufficient to

bring about some forms of whiplash kinematics.

Finally, whiplash differs from visible injury in that the symptoms
may not appear until sometime after the accident. For exampie, even in the
relatively severe National Crash Serverity Study cases, only 73 percent of the

whiplash victims were aware of their injury at the accident scene.
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Symptoms appeared some time later in the first day among 23 percent of the
injured and did not;appear until 2 to 7 days after the accident for 4 percent
of the victims. [In the Rochester special study {less severe accidents than
NCSS), States and Balcerak found that the majority of victims did not
experience their symptoms unt i1 after leaving the accident scene [61]. As a
result, the injuries are often not reported to the police.

When these features occur in combination, it is easy to see why
whiplash is "enfgmatic." A driver is involved in a Tow-speed rear impact in
which the other vehicle's driver is obviously at fault from a legal
standpoint. The person does not mention any iﬁjury or complaint of pain to
the 1nve$tigating police officer. But the next day he complains of pain in
the neck, the arm and blurred vision._ X-rays and an opthalmic exam show no
evidence of neck or eye injury. There are no bruises on the arm. No evidence
of arm contact or any other contact is discovered in the vehicle. Besides,
the crash was a fenderbender. Is it not easy to believe that the victim
consciously or unconsciously "invented" these injuries when he woke.up the

next day and realized he was sure to collect damages?

3.3.2 Other injury mechanisms

the initial occupant movement in a rear impact is into the
seatback. The seatback is springy, however, and propels the occupant forward
after absorbing only a part of his kinetic energy. The rebounding occupant's
kinematics resemble those in a frontal collision. Injuries may result from
contact with the steering assembly, windshield, instrument panel, etc.
Similarly, a secondary frontal impact following a rear impact (e.g., a chain

coilision) may result in frontal contacts.

- Some rear impacts, by the definitions of this evaluation, may
invoive rear damage with partially lateral forces or side damage with
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primarily rear forces. These oblique rear impacts and same-direction
sideswipes may produce injury patterns characteristic of side impacts

(contacts with side interior surface, pillars and side windows).

Many superficial arm and leg injuries in rear impacts may be due
to slapping or scraping various interior contact surfaces such as the doars,
floor, steering control, seats, etc. These injuries are often not reported to

the police, perhaps because of their low severity.

A more serious injury mechanism may occur when the rearward forces
on the occupant, possibly in combination with the seat bending or tipping
rearwards, result in an upward motion of the occupant relative to the
seatback. It is called ramping and may cause the occupant to contact the
roof, head first. [If the seatback has tipped backwards a 1ot or the seat has
broken from its anchorage, the occupant may be propelied head first towards

the rear window or its surrounding structures.

An even graver threat of injury may result from roof crush or
other compartment intrusion when a large truck strikes a car in the rear and
overrides it partially or completely. Rear impacts may also present‘a danger
of postcrash fire if the fuel tank, usually located in the rear, is badly

damaged.

Occupants may be ejected in a secondary rollover following a
primary rear impact or when the integrity of the side structure is lost.
Ejection is rare in rear impacts but when it does happen the risk of injury is

great.
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3.3.3 Statistical analysis of injury mechanisms

Table 3-5 shows the great preponderance of whiplash among the
drivers and right front passengers wHo were injured in the rear impacts on the
1979 NASS file: 60 percent of the victims suffered only whiplash type
injuries. These included noncontact neck injuries and other noncontact
injuries apparently due to disturbance of the cervical nerves (see Section
3.3.1). A further 18 percent of the victims suffered a combination of
whiplash type and nonwhiplash injuries. Thus, a total of 78 percent of the

injured persons had whiplash.

Since 86 percent of the cars on NASS were equipped with head
restraints and since the restraints are primarily designed to mitigate
whiplash type injuries, it can be assumed that prior to Standard 202 even more
than 78 percent of the injured occupants had whiplash. This assumption is
supported by the results of States' and Balcerak's special study, whiéh Was
conducted in Rochester during 1972 [61]. They found that 156 out of 159
victims (98%) suffered whiplash. {Their study, however, did not necessarily
use the same injury definitions as NASS. It involved only urban accidents

which were probably less severe than the NASS cases.)

Table 3-5 shows that the predominance of whiplash decreases as
¢rash severity increases. In the nontowaways, 69 percent of the victims had

whiplash related injuries alone - but only 34 percent in the towaways.

The percentages in portions (a) and (b) of Table 3-5 were obtained
by examination of a 1isting of NASS rear impact injury cases. The cases were

classified by injury type and the case weights added for each group. No
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TABLE 3-5
WHIPLASH VERSUS NONWHIPLASH INJURIES,
DRIVERS AND RIGHT FRONT PASSENGERS
IN REAR IMPACTS, NASS 1979

Types of Injuries:
Whiplash Nonwhiplash Percent of

or Possible Whiplash Injuries Injured Occupants

{(a) In Nontowaways

Yes No 69
Yes Yes 13

No ’ . Yes 18

(b) In Towaways

Yes No 34
Yes Yes 32
NO Yes 35

Yes ' No 60
Yes Yes 18
No Yes ' 22

|
|
|
(c) Nontowaways and Towaways Combined
|
|
|
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attempt was made in portions {a) and {b) to adjust the percentages for missing
data on c¢rash mode or injury type. A case-by-case examination was needed
because the classification of noncontact or unknown contact pain injuries as
"possible wh{p1ash" is a matter of judgement (see Section 3.3.1). The
percentages in portion (c} are the weighted averages of (a) and (b), using the

N in the left column of Table 3-4 as the weights.

Table 3-6 is a more detailed classification of the most severe
injury mechanism among persons not hospitalized in NASS. In 48 percent of the
cases, simb]e whiplash - noncontact neck injury - was the most severe
complaint. An additional 17 percent of the victims suffered primarily from
shoulder, arm, upper back or headache pain not attributable to any contact
point in the vehicle. These injuries were classified as "possible whiplash"

{see Section 3.3.1).

The remaining 35 percent of the occupants’ primary injury was due
to mechanisms other than whiplash (see Section 3.3.2). Contact surfaces in
the front of the car (steering assembly, windshield, etc.) tock the lead with
15 percent - that includes "rebound" injuries and superficial injuries to the
arms and legs. There were a fair number of minor injuries involving contact
with the seat (6%) or floor (3%). Relatively few injuries resulted from
contact with the vehicie's side (2%}, roof or fear (2%) surface areas.

The percentages in Table 3-6 are based on a case-by-case review of
NASS. The cases were classified by primary injury source and the case weights
added for each group. No attempt was made to adjust the percentages for

missing data on crash mode or injury type.
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TABLE 3-6
SQURCE OF MOST SEVERE INJURY, NONHOSPITALIZED
DRIVERS AND RIGHT FRONT PASSENGERS IN
REAR IMPACTS, NASS 1979

(Unweighted N=112)
Source Percent of Non-

hospitalized Victims

Whiplash (noncontact neck injury) 48

Possible whiplash* 17
Whiplash or possible whiplash 65

Frontal contacts {steering assembly, windshield, etc.) 15

Side contacts (doors, side windows, etc.) ?

Seat contact 6

Roof, rear window 2

i Floor 3

i Other** 7
Nonwhiplash injuries 35

*Noncontact injuries characteristic of cervical nerve disturbances
~(shoulder, arm, upper back pain; headache)
**Noncontact injury (nonwhiplash); contact with occupants, cargo; vounding

error
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Table 3-7 is a classification of mosl severe injury sources,

analogous to Table 3-6, but for hospitalized occupants. NCSS was used instead

of NASS because it contains 85 hospitalized cases, versus only 12 on NASS.

The ratio of whiplash to other injuries is just over 1 to 2, which
is almost exactly the reverse of the nonhospitalized cases. Whipiash accounts
for 36 percent of the hospitalizations. Nearly half of these are neurological
problems of the head, shoulders, arms or upper back, classified as possible

whiplash,

Rebound 1n3ur1es 1nv01v1ng the steer1ng assemb]y and other fzontal
contact areas account for 28 percent of the injuries - they are nearly as
common as’ wh1plash. Side surface contact (doors, pillars and side windows)
comprise a substantial 14 percent of the hospitalizations. The less common
injury sources are the roof and rear window (2%),'postcrash fire (2%}, and

ejection (3%).

Since whiplash accounts for a minority of the hospitalizations and
is rarely the only injury in these cases, the potential for head restraints
reducing serious injury is much less than their utility in reducing minor

injury.

The completeness of police reporting of rear impact injuries

appears to vary among jurisdictions. It is also sensitive to the definition
of "injury." For example, if "injury" means that the victim sought medical
treatment or had at least a day of disability, a higher degree of reporting

completeness could be expected than if "injury" means any type of discomfort.
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TABLE 3-7
SOURCE OF MOST SEVERE INJURY, HOSPITALIZED
DRIVERS AND RIGHT FRONT PASSENGERS IN
REAR IMPACTS, NCSS

(unweighted N=85)

Source Percent of

Hospitalizations

Whiplash {noncontact neck injury) 21

Possible whiplash* 15
Whiplash or possible whiplash L 36

Frontal contacts (steering assembly, windshield, etc.) 28

Side contacts (doors, side windows, etc.) 14

Seat contact . 7

Roof, rear window ?

£jection _ 3

Burns 2

Other** ' 8
Nonwhiplash injuries 64

*Noncontact injuries characteristic of cervical nerve disturbances
(shoulder, arm, upper back pain; headache)

**Noncontact injury (nonwhiplash); contact with occupants, cargo; rounding

error
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In their Rochester special study, States and Balcerak found that
56 percent of the whiplash injuries were not reported to the police - a
percentage roughly equal to those who did not experience the injury symptoms
at the accident scene [61]. Mclean found that 67 percent of the injuries in

the North Carolina special study were not reported to the police [46].

The National Crash Severity Study's towaway accidents are more
severe than those in the special studies and, perhaps, are investigated in
greater detail by the police. Nevertheless, 29 percent of the whiplash
injuries in NCSS were not police-reported - corresponding approximately to the

253 percent with deiayed onset of symptoms.

In the National Accident Sampling System's 1979 data, 35 percent
of the rear impact injuries {including nonwhiplash injuries) were not
police-reported. The rate of nonreporting was 24 percent in the towaways and

38 percent in the nontowaways.

3.3.4 Analysis of rear impact fatalities

Fatal rear impacis are rare events. Approximately 700 drivers and
right front passengers are killed annually (see Table 3-3). Because they are
rare, only a small number (28) of fatalities in rear impacts have been
investigated in detail by NHTSA-sponsored or multidisciplinary teams. A
case-by-case analysis of these fatalities is useful in exhibiting the
prevalent fatal injury mechanisms and illustrating the head restraints' role,
if any, in the accidents.

Researchers are not sure whether head restraints would be

beneficial or detrimental in really severe accidents. It is conceivable that
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restraints could prevent life-threatening nerve damage due to extremely severe
hyperextensibn. But it is also conceivable that a poorly designed or
mispositioned head restraint could give a dangerous “"kavale chop" to the
neck.

The Multidisciplinary Accident Investigation (MDAI) file contains
18 of the 28 documented fatalities; NCSS conta{ns 7 and NASS, 3. Because MDAI
was mostly restricted to cars of the latest model years and became NCSS and
NASS were conducted at a time when most_cars had head restraints, there is
only one pre-Standard car among the 28 cases.

The 8 MDAI fatalities, Tisted in the order that they appear on the
automated file, involve the following injury mechanisms:

1. Incineration in a fire which broke cut on impact.

2. Fatal ejection in collisions with muitiple off-road objects.

3. Catastrophic override by a tractor-trailer. Crushed to death
by the intruding tractor-trailer.

4. and 5. A car was hit in the rear, rollied over with severe roof
crush and burst into flames. Both front outboard occupants had
multiple fatal lesions of unknown origin.

6. Apparent pre-crash heart attack.

7. Catastrophic override by a tractor-trailer. Fatal brain
hemorrhage due to contact with improperly positioned adjustable

head restraint and 2 fatal internal injuries due to other

contacts.
8. Fatal ejection in an end-over-end rollover.

9. A pre-standard 202 car. Skull fracture and head injury due to

contacting the pre-Standard seatback.

10. Occupant was thrown into the rear header/C pillar after the
seat tilted backwards. Fatal head injuries.
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11.
12.
13.

15.

16.

18.

19.

20.

21.

22.

23.

Fatal burns in a fire which broke oul on impact.

Fatal ejection in vollover following rear impact.

and 14. A tractor-ﬁrai]er hit a car in the réar, spun it
around, and hit it in the side. Both front outboard
occupants were fatally ejected.

Occupant was propelled into the roof {ramping). Moderate
head 1njufies from the. roof contact and serious torso
injuries due to contact with the correctly positioned

adjustable head restraint.

and 17. Both front outboard occupants fatally ejected in
end-over-end rollover,
Catastrophic override by a tractor-trailer. Occupant crushed

by the collapsing side structure.

The causes of death in 7 NCSS cases were:

Fatal chest injuries due to contacting the steering wheel on

the rebound.
Catastrophic imbact due to skidding into a tree. Fatal brain
injury due to contacting incorrectly positioned adjustable

head restraint.

Catastrophic tractor-trailer override followed by fire.
Driver was burned to death and sustained fatal abdominal

injury from the steering wheel contact and a broken neck from

the adjustable head restraint as the compartment collapsed.

Elderly drivgr suffered fatal brain injury when he contacted
the windshield on the rebound.

Catastrophic override by a large truck. Fatal neck injury
due to contact with an unknown object in the collapsing
compartment .
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24. Catastrophic override by a tractor-trailer. Fatal head
injury due to contact with the coliapsing roof.

25. Catastrophic override by a tractor-trailer. Fatal head
injury due to contact with the intruding B-piliar.

The 3 NASS fatalities involved:

26. Fatal burns.

27. and 28. Both front cutboard occupants were thrown into the

rear seat area when the front seats tilted backwards. They

sustained fatal head injuries.

It is evident that- the Pverwhelming majority of the fatalities
have nothing to do with head restraints. The prevalent factors are
catastrophic truck override with compartment collapse (8 cases), ejection (7),
fire (6) and ramping/seat failure (4). Head restraints or seatbacks appear to
have been a factor in 5 of the 28 cases: Nos. 7, 9, 15, 20 and 21. Cases 7
and 21 were catastrophic tractor-trailer overrides in which the occupants each
cuffered two fatal lesions besides the head restraint contact: thus, the head
restraint was essentially irrelevant to their survival.

That leaves 3 cases, Nos. 9, 15 and 20, in which head restraints
or seatbacks affected survival. In Case 9, the only pre-Standard car on the
1ist, the occupant's head contacted the pre-Standard seatback violently
enough to produce fatal head injury. [t is conceivable that a head restraint
could have given the occupant's head a better ride-down and saved his life.
Case 20 may have involved a “"karate chop" to the neck by an incorrectly
positioned adjustable restraint and might have been prevented by an integral
restraint. In Case 15, severe ramping by the occupant resulted in fatal head

restraint-torso contact; the. fatality might have been prevented if there had

heen no head restraint.
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The case-by-case analysis of rear impact fatalities shows that the
potential effect nf head restraints, if any, is bound to be small. It does
not give a clear indication of whether the effect is positive or negative.

| Sections 5.4 and 5.5, which are statistical analyses of rear

impact fatalities, support the same conclusions.

3.4 Factors influencing rear impact injury risk

The neck injury risk for females in rear impact crashes is
substantially greater than for males. OQverall injury risk increases as crash
severity increases, although the relationship is not as strong as for other

types of injuries in other crash modes.

3.4.1 Occupant sex and and neck injury risk

Statistical studies have shown that female occupants are more
vulnerable to neck injury than males. J. Kihlberg's analysis of ACIR data in
1969 suggested a 2 to 1 ratio of neck injury risk [42]. B. 0'Neill ét al.
analyzed insurance claims made in 1970 and found that female drivers of cars
without head restraints claimed neck injury in 37 percent of their reported
rear impact crashes; males, only in 24 percent [54]. States and Balcerak

found pre-Standard 202 whiplash injury rates of 51 percent for females and 40

percent for males in their 1972 special study [61].




In Texas rear impacts during 1972 the police-reported overall
injury rate of female drivers of pre-Standard cars was 84 percent higher than

for male drivers.

In the National Crash Severity Study towaway file, the overall]
injury rate in pre-Standard rear impacts was 16 percent higher for females

than for males and the neck injury rate was 25 percent higher,

The most evident explanation is that females, on the average, have
considerably narrower necks than males and, especially, a smaller muscle mass.
Yet their necks must support heads of roughly the same volume as males'.
WhipTash injury typically-occurs when crash forces give momentum to the head
relative to the torso and this momentum strains the neck muscles beyond their
capacity to withstand injury. Obviously, that capacity is greater for males

than females. This is the only explanation provided by States and Balcerak

[61].

In contrast to rear impact injury, males' and females' risks of

serious injury due to the steering assembly in frontal crashes are about eqgual

([40], p.172).
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3.4.2 Crash severity and overall injury risk

Table 3-8 shows the overall injury risk as a function of vehicle
velocity change (Delta V) in NCSS rear impacts. For comparison purposes, the

corresponding function is shown for nonminor injury in frontal crashes ([59],

p.85}).
TABLE 3-8

NCSS INJURY RATES BY DELTA V

REAR IMPACTS VERSUS FRONTALS
Delta Vv Percent Injured - Percent AIS > 2 -
(mph) : Rear Impacts = Frontal Impacts
1-10 45 2
11 - 20 54 9
21 - 30 86 25

31+ 96 56
It is clear from Table 3-8 that overall injury risk in rear
impacts increases as Delta V increases, but not nearly so steeply as in

frontal impacts.

3.5 Other standards that may protect occupants in rear impacts

The other Federal Motor Vehicle Safety Standards need to be
reviewed as to whether they might have reduced overall injury risk in rear
impact crashes. If so, their benefits must be taken into account in this

evaluation and should not be wrongly attributed to.head restraints.
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Specifically, this cevaluation relies heavily on analyses of Texas
accident data {Sections 5.3 and 5.6). Head restrainls were installed forr the
first time, in most models, in 1969. But some of the Texas analyses consider
accident data from a range of model years before and after 1969, which in some
cases is as wide as 1965-72. Any device instailed in 1965 or earlier would be
found on all of these cars; any device installed in 1973 or iater, on none.
Thus, we must concern ourselves primarily with devices installed during
1966-72, with special emphasis on those installed in 1969.

Furthermore, since some of the Texas analyses use side impacts as
a control group, we must ask whether any of the safety dévices had different
effects on side and rear impact injury rates.

Finally, since 80 percent of the rear impact injury victims had
whiplash, we are especially concerned withAdevices that might affect whiplash.
Since 97 percent of the rear impact injuries are nonserious (see Table 3-3),
we are especially concerned with devices that affect nonseriocus injury. |
Conversely, devices that are primarily effective against serious or
nonwhiplash injuries are not going to have that much effect on rear impact

overall injury rates.

o Standard 201, effective 1-1-68, sets padding and other
protection requirements for certain front interior surfaces of the passenger
compartment. The General Accounting Office's report on the safety standards

suggests that one-third of the cars complied with Standard 201 in 1966,
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one-half by 1967 and all by model ycar 1968 [18]. This standard is likely to
have signifipant1y reduced the risk of nonserious nonwhiplash injury in rear
impacts ﬁhat occurs when the occupant rebounds from the seat and strikes the
front of the passenger compartment (see Section 3.3.2). It may also reduce
nonserious injury risk in ocbligue side impacts.

o Standards 203 and 204, effective 1-1-68, require
energy-absorbing steering columns. Two-thirds of the cars had these devices
in 1967, all bj.1968'[40]. They are likely to be quite effective against
serious nonwhipiash injuries involving occupant rebound, with a smaller effect
on nonseriocus injuries. They may also reduce injuries in oblique side
impacts.

o Standard 205, effective 1-1-68, applies to window gTazing
materials. A1l manufacturers installed high penetration resistant windshields
that meet this standard in their 1966 mode]s. The improved windshields are
Tikely to have reduced nonserious injuries involving occupant rebound and may
also be effective in oblique side impacts.

o Standard 206, effective 1-1-68, applies to door locks. The |
manufacturers installed door locks meeting this standard.in 1965. Thus, this
safety device does not belong in the 1966-72 range.

o Standard 207, effective 1-1-68, sets requirements for seat
strength and seat back locks. This is the only standard (other than Standard
202) that nhad the potential to affect whiplash significantly. Crash testing
has demonstrated that a seatback which yields at a controlled rate, but does
not tilt back excessively, can help prevent whiptash [13], [49], [60], [52].
In actual practice, hoﬁever, it appears that Standard 207 did not lead to any
significant changes in seat design or strength other than the installation of

seat back locks [10], [36]. The latter are only relevant in frontal impacts.
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o Standards 208; 209 and 210 regulate lap belts. In actual
practice, lap belts were installed in the front outboard seats throughout the
1965-72 period. But in 1972, the installation of wérning buzzers led to an
initial 10-15 percent increase in belt usage over previous years. Belts are
effective against many typés of nonwhiplash in&uriés. Their effect on minor
injuries, however, is smaller than their effect on serious injurijes [58]. Lap
belts are not thought to have any significant effect on whiplash [49], [60].
Since most rear impact injuries are minor whiplash, a 10-15 percent increase
in belt usage wil]lnot greatly affect the overall rear impact injury rate.

0 Standard 214, effectiye 1-1-73, led to the installation of side
door beams. One quarter of the 1969 model cars had beams, as did about half
of the 1970-72 models. Side door beams help reduce serious injuries in side
impacts but are unlikely to affect nonserious injuries significantly in either
rear or side impacts [42].

o Standard 215 relates to bumpers. A change in bumpers can
affect the collision performance of vehicles - e.g., a stiffer rear bumper
could conceivably increase the risk of whiplash in "fenderbender® accidents.
Rear bumpers, however, were not modified prior to 1973.

o Standard 301, with various effective dates, sets requirements
for fuel system integrity and Is designed to reduce postcrash fires.
Furthérmore, any structural changes resulting from Standard 301 may affect
other injuries. The Standard 301 requirements for frontal crashes took effect
in 1968, for rear and side impacts in 1976. In actual practice, the
manufacturers made no significant changes in their vehicles throughout 1966-72

for reasons related to Standard 301 [4].
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The implications of this review on potential biases in analyses of
Texas data are the following:

(1} In a comparison of 1965-68 models (pre-Standard 202) versus
1969-72 models (post-Standard 202) there might be significant biaées in the
rear impact injury rates as a result of Standards 201, 203, 204, 205, 208,
209, 210 and 214. It is not clear that the use of a side impact control group
would adequately compensate for these b%ases.

(2) If the comparison is limited to 1967-68 versus 1969-70
models, it would eliminate the bias from Standards 205, 208, 209 and 210 and
substantially reduce the biases from Standards 201, 203, 204 and 214, The net
bias, at this point, may be small enough that a side impact control group
offers an adequate first-order correction.

(3) If the comparison is further limited to just 1969 versus 1968

models, there is virtually no bias due to other standards,
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CHAPTER 4

THE DEVELOPMENT OF HEAD RESTRAINTS

By the mid-lQSO's highway safety fesearchers understood that
whiplash was a common injury source in rear impacts. They judged that
hyperextension of the neck could be mitigated by raisiné the seatback to
support the head and they began to test their judgement by laboratory
experiments. By the mid 1960's enoggh was known about head restraints that
they became the subject of one of the earliest Federal auto safety

regulations.

4.1 Before Federal regulations

The University of California at Los Angeles pioneered the use of
staged tests to study rear impacts. In 1954, they conducted rear impact tests
to study whipltash and by 1956 they were running the tests with prdtotype head
restraints [60]. In 1965, D.M. Severy and others at UCLA began a controlled
program of staged rear-end collisions of cars with dummy occupants. They
tested integral and adjustabTelhead restraints positioned at various heights
as well as a number of seatback designs. Measurements of neck and head
displacement, rotation and acceleration were made on the dummies. The tests
clearly demonstrated the value of head restraints in reducing hyperextension
of the neck. They formed much of the scientific basis for subsequent Federal

requiation.

The motor vehicle manufacturers also tested head restraints. R.J.
Berton of the Ford Motor Co. in 1968 subjected dummies to sled and crash tests'
with integral restraints of various heights [11]. He found that 28 inch seats

provide excellent protection for 50th percentile male dummies but caused
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rearward vision obstructions for a driver shorter than 5 feet 2 inches whereas

26 inch seats provide good protection without vision obstructions,

Head restraints were offered as optional equipment for the frort
outboard seats by many of the manufacturers for several years before the
effective date of Standard 202; some as early as 1964. They were instq]led in
3 percent of the 1967 model year cars and 12 percent of the 1968 cars. By
1968, in fact, head restraints were standard equipment on some Volkswagen
models. Although instaliation did not become mandatory until the middle of
model year 1969, they were installed in 88 percent of the cars that year.

(A1l percentages are based on National Crash Severity Study data.)

The medical community encouraged the development of head
restraints. Perhaps their major contribution was to demonstrate that whiplash
is a genuine physiological injury pattern and not Jjust a "litigation

syndrome" (see Section 3.3.1).

4.2 Regulatory history

The General Services Administration (GSA) had a Standard 515
concerning safety devices in Federally purchased vehicles. In March 1966, the
GSA proposed its Standard 515/22 which would require head restraints a minimum
of 25 inches high,/lo inches_wide and capable of meeting a 200 pound static
test [20]. The Standard made it clear that both adjustable and integral
restraints were permissible. Restraints were required for the driver's and

right front passenger's seat.

The GSA's proposed Standard 515/22 became a final ruie in July

1966 with an effective date of October 1967 [21]. The final rule, however,
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raised the minimum height from 25 to 27.5 inches and no longer explicitly

mentioned the 200 pound static test.

NHTSA issued a Notice of Proposed Rulemaking in December 1966
which would have extended the GSA Standard to all passenger cars sold in the
United States [22]. In this NPRM, the static strength requirement was raised
to 300 pounds. The head restraint requirement was called Federal Motor
Vehicle Safety Standard 202 and it would have been one of the Agency's initial
standards.

In February 1967, Standard 202 was dropped from the list of
initial standards. An Advance Notice of Proposed Ruiemaking was issued for
the purpose of compiling additional information on head restraints and rear

impact Injuries and refining the performance requirements [23].

After the Agency examined the information collected in response to
the ANPRM, it issued a new NPRM in December 1967 [24]. Proposed Standard 207
retained the 27.5 inch height requirement but the static test was reduced to
200 pounds. Minimum width was 10 inches for bench seats but was reduced to
6.75 inches for bucket seats. The Agency also defined a dynamic sled test
invoiving a dummy head/torso and a compiete seating system. The dynamic test

was offered as an alternative to the static strength, height and width

requirements,

The NPRM became a final rule in February 1968, with an effective
date of January 1, 1969, after some clarifications of the dynamic test were
made 1n response to comments [251. Petitions for reconsideration then led to
additional minor c]arifications-and amendments of the dynamic and static tests

and the procedure for measuring height and width. Standard 202 in its present
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form was 1ssued in October 1968 and became effective on January 1, 1969 [26].
In March 1974, NHTSA issued an NPRM to combine Sténdard 202 with
Standard 207 (Seating Systems) and to strengthen the head restraint

requirements as follows [27]:

* 31 inch (integral) driver's head restraint
* 31 inch height in the right front seat; if an adjustable
restraint is used, it must be at least 27.5 inches high in the
in the down position.
* Extension to light trucks and muTtipurpose vehicles
The proposal was never adopted. Its objectives were to overcome the hazards
associated with ramping, seat failure and, above all, mispositioned adjustable
restraints (see Section 4.4}.
NHTSA has always used the static strength test to check vehicles

for compliance with Standard 202 and has not encountered compliance failures.

4.3 Head restraint designs

There are two types of head restraints: adjustable ones which can
be moved up or down to suit the occupant and integral seats whjch are fixed at
one height,

Adjustable restraints are not part of the seatback but are
separate pads which are attached to the seatback by one or two sliding metal
shafts. The restraint remains in a raised position by means of a latch or by
friction aione. The restraint pads average 3 inches high. 0n top of an
average 22 inch seatback, they provide a 25-inch seat when they are in the
“down" position. Thjs 1s 2.5 inches Tess thén the 27.5 inches required by
Standard 202 (which, of course, does not apply to restraints in the down

position). The restraints can be raised about 3.5 inches. Thus, in the Tup"
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position, adjustable restraints average about 28.5 inches and exceed the
minimum requirements of Standard 202 by an inch. {For more details, see
Section 8.3.1.) Adjustable restraints may be found 1n cars with bucket as

well as bench seats.

“Integrai" restraints are somewhat misnamed because the category
is generally defined to include' all restraints that are fixed in position -
i.e., not adjustable. Three types may be distinguished. By far the most
common s the truly integral type which is used with bucket seats. It
consists of nothing\more than a seatback which is tall enough to meet the
height requirements of Standard 202 by itself, without any attached pad or
réstraiht. The second type is a bench seatback whose top is not of uniform
height, but s taller in the outboard seat positions. The third type is a
"see through" fixed restraint attached to the top of the seatback. It may be
shaped Tike tHe top three quarters of a figure 8 or a flat-topped letter A or
a suitcase handle. The openings allow the driver to see through it. Integral

seats average about 28.5 inches in height and exceed the minimum requirements

of Standard 202 by an inch.

Data on the sales distribution of adjustable and integral

resiraints is presented in Section 4.5.

4.4 Problems with head restraints

The most obvious shortcoming of adjustable restraints is that the
task of raising them to the correct position is left to the occupant .,
Observational and accident data agree closely that about 75 percent of

- adjustabie restraints are left in the "down" position. Specifically, the

findings from 5 studies were:
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* ('Neill et al, L.A. & Washington, 1971 [54]: 71-84% down

* Garrett & Morris, W. New York, 1972 [32]: 73% down
* Fell, MDAI, 1972 [31]: 59% down
* States & Balcerak, Rochester, 1973 [61]: 72% down
* Mclean, N. Carolina, 1973 [46]: 84% down

Since adjustable restraints in the "down" position provide a seat only about
25 inches tall, the 75 percent of the uccupants who leave them down have, in

a sense, defeated Standard 202, which specifies 27.5 inch seats.

The problem of adjustment, however, is not quite as severe as it
would appear from the preceding statistics. Many occupants are short enough
that they can obtain adequate protection from a restraint in the "down"
position, even if the height is well under 27.5 inches. Standard 202 was
designed to protect males of larger than average size and is more than
sufficient for smaller persons. An extensive, nationwide observational survey
conducted by Stowell and Bryant in 1978 showed that 51 percent pf the
adjustable restraints, whatever their position, reached at least to the base
of the occupant’s skull, providing full protection for the neck [64].
Moreover, even some of the remaining 49 percent were high enough to provide
some protection for the neck. In other words, a head restraint in the down

position is not nearly as useless as an unbuckled seatbelt.

The main advantages of integral seats are that they eliminate the
problem of "defeat" by the occupant and cost considerbly less to manufacture

than adjustabie restraints.
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A disadvantage of 1ntegral restraints 15 that they may reduce
vistb1lity to the side and-rear for shorler drivers. R.J. Berton's tests
showed fthat an integral restraint would create a vision obstructiern for 2 62
1nch.dr1ver but an adjustéb]e restraint in the "down" position would not
[11]. The American and Japanese manu?acturers, in their Docket comments on
the Agency's 1974 proposal to raise height requirements to 31 inches,
emphasized this visibility problem. They also reported that customers had
complained that integral seats give rear seat occupants a feeling of
confinement, partia]]} block the driver's view through the rear view mirror
and prevent the driver of a following car from seeing through the car ahead to
the traffic in front of it. The problem may be aggravated in the case of
bench seats, for which Standard 202 requires a wider restraint (10 inches
versus 6.75 for bucket seats) and where there is no open space in the center.
Chyrsler specifically stated in their comments to the Docket that demand for
their cars with integral restraints was decreasing because of customer
dissatisfaction over visibility restrictions and feelings of confinement
[65].

A natural question, at this point, is whether the pogsible vision
obstructions with some kinds of head restraints have detrimental safety
consequences. For example, there might be an increase in collisions 1nv01v%ng
lane changing if drivers have greater difficulty seeing cars just behind them
in adjacent lanes. The best information source on the causes of accidents is
the Tri-Level Study performed by the University of Indiana under the direction
of J.R. Treat (National Technical Information Service, Report No. DOT HS-805
085, May 1979}. In this study, 2258 accidents were investigated during
1972-75, a period during which the majority of cars on the road had head
restraints. The investigators felt that only 2 of.the 2258 accidents had

"vision obstructions due to objects in or attached to vehicle™ as a probable
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cause and they were not certain in either of these cases (p. A-66). Since
this category of vision obstruction includes many objects other Lhan head
restraints, it is clear that the number of accidents caused by head restraint
vision obstruttions, if any, is extremely small and need not be given further

consideration in this evaluation.

A potential disadvantage of head restraints is that they might
injure rear seat occupants who contact them in frontal and other crashes. The
potential risk is greatest for adjustable restraints whose supporting metal
shaft is close to the rear surface of the seatback. Accident analyses by J.R.
Stewart {63] and J.C. Fell [31], however, suggest that the s;fety problem 1s

minimal.

Stewart worked with the National Crash Severity Study data. He
found that:

{1) Only 32 out of 2153 injured rear seat occupants -i.e. 1.5
percent of the casualties - suffered injury due to contact with head
restraints.

(2) Only 4 of them were injured by head restraint contact alone
-i.e. 0.2 percent of the casualties. The other 28 had multiple injuries.

(3) None of the 32 injuries were Iife-threatening and only one was
AlS 3 [1].

(4} The 32 rear seat occupants with head restraint contac; injury
were matched with rear seat occupants of crash involved cars without head
restraints. Matching was performed on the basis of crash mode, damage
severity, occupant age and sex. The average AIS of the occupants of cars
without head restraints was higher than the average AIS of the head restraint

caused injuries.
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Fell analyzed MuTtadisciplinary Accidenl Investigat 1on data and
used a slightly different technique than Stewart. e compaited head rostraint
caused Injuries to injuries caused hy contact with ofher parts of the front
seatback. His findings were

(1) In post-Standard cars, there were 34 head-restraint caused
injuries to rear seat occupants and 126 njuries due to contact with other
parts of the front seatback! The average severity of the injuries was the
same.

(2) The pre-Standard 202 seathack Injured nearly the same
proportion of rear-seat occupants as the post-Standard seatback and head

restraint combined.

A potential hazard of adjustable restraints occurs when a short
front-seat occupant leaves the restraint in the up position. It is
conceivable that in a rear wmpact the occupant's head could enter the space
hetween the seathack and the restraint, striking the metal shaft. Most

restraints, however, have been designed 1n a manner that prevents this hazard.
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Another pussihble problem with adjustable restraints 1s that they
are often firmer than the scatback and protude in front of tae seatback. This
caoild cause the head to rebound before the torso after a rear mpact,
stretching the neck. Also, a tall occupant sitting with the restraint 1n the
down pnsition could get a sort of "karate chop" in the back of the neck from

the protruding restraint.

An injury hazard that has persisted despite Standard 202 i3 the
occupant motion in rear impacts known as "ramping." The rearward impact
forces are translated into upwards motion of the occupant along the seatback
-1.e. the seatback becdmes a ramp for c11mbﬁng; Ramping is espectally
prevalent when the seatback tilts backward under occupant load. The
assoctated injury hazard js that the occupant's head may travel over tﬁe top
of the head restraint and become unprotected by the restraint. A taller head
restraint might have prevented the hazard. In other words, the height
requirement specified in Standard 202 may not be adequate when ramping 1in
taken into consideration. (See Sections 3.3.4 and 8.2 for evidence of ramping
in highway accidents and crash tests and Section 8.4 for the possible benefits

of raising height requirements.)

Crash and laboratory tests indicated that head restraints'
effectiveness in reducing hyperextension‘is diminished when the occupant is
leaning forward in his seat - when there are 12 inches or more offset between
the occupant's head and the restraint at the beginning of the crash. In these
cases, rotation of the neck may begin before the head contacts the restraint.
Furthermore, when the head does contact the restraint, it does so at a high

relative velocity [11], [60].
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Finally, head restraints are designed amarily to prevent
whiplash due to neck hyperextension. It 1s not clear that they would be
effective against other forms of whiplash: torsion, sideways or forward
rotation, translational forces on the neck (see Sectlon.3.3.1). They are,
generally speaking, not designed to prevent nonwhiplash injuries 1n rear

impacts (Section 3.3.2).

4.5 Sales trends of adjustable and integral restraints

Integral restraints became increasingly popular in the early
1970's, reaching a peak market penetration of 39 percent in 1975. Since then,

they have become less popular on all but the Teast expensive cars.

Table 4-1 shows and Figure 4-1 grap%s the market penetration of
integré] restraints'during 1969-81, by vehicle size. Sales trends for mode
years 1969-78 are based on NCSS data. The trends for 1979-81 are based on a
special analysis of production and sales, which is described later in the
Section., At first, integral restraints were found primarily on imports.
Buring 1970-72. the domestic manufacturers installed them on an ever-increasing
percentage of their cars. It can be presumed that during this period there
was considerable enthusiasm about the Tower cost and apparent higher

effectiveness of integral restraints.

In 1969, only bucket seats bontained integral restraints. For
bucket seats, an integral restraint is little more than a taller seatback. It
1s easy to manufacture and the incremental cost is low. Table 4-2 and Figure
4-2 show, however, that the manufacturers achieved a breakthrough during
1970-71 by building an integral (fixed) restraint into bench and split bench

seats. This made it possible to offer integral restraints on the larger and
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more luxurious cars. The marketing of integral seats as a novel and desirahie
item is hinted at by their 21 percent penetration of luxury cars in 1970
{Thunderbirds) and their over 30 percent installation with split bench seats
during 1970-72. During 1971-73, integral seats even had some success on

full-sized family cars with bench seats (especially Plymouths).

During 1973-74 the decline began for integral seats. Integrai
seats were no longer the manufacturer's first choice on cars in the less
cost-sensitive markets. For example, the Mustang II was equipped with
adjustable restraints from its 1974 market entry. At the same time, Ford

retained integral restraints on the equally small but less expensive Pinto.

The initial decline of integral seats is not easily seen in the
overall sales figures (Table 4-1) - in fact, they achieved maximum penetration
in 1975. This is because the 1974 energy crisis and subsequent recession
caused a trend to smaller, less expensive cars: the type most often equippad
with integral seats. The breakdown by seat type (Figure 4-2), however,
clearly shows that demand for integral seats dropped steeply on bench and

split bench seat cars and just held its own with bucket seats.

The far-reaching model changeovers during 1976-78 led to further
setbacks for integral seats. Also, the economic recovery in this period
renewed demand for larger and more luxurious cars. Towards the end of this
period, imports increased their share of the medium-priced market. As imports
became less spartan, there was a corresponding increase in adjustable

restraints.
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 TABLE 4-2
PERCENT OF CARS WITH INTEGRAL |
RESTRAINTS BY MODEL YEAR AND

FRONT SEAT TYPE, NCSS

Model Percent with Integral Restraints

Year Bench Seats Split Bench Bucket Seats
1969 0 0 27

1970 1 | 31 59

1971 7 35 65

1972 17 32 71

1973 7 17 82

1974 10 8 70

1975 8 7 76

1976 3 3 72

1977 2 4 71

1978 3 0 56 ;
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By 1978, mtegral restraints were installed 1n only 22 percent of

the cars, the lowest percenlage since 1970,

S5ates trends for model years 1979-81 cannot be obtained from NCSS
data, which were collected before 1979. T.N. McVetty and C.M. Heinen of the
IIT Research Institue, under contact to NHTSA, estimated the sales of integral

and adjustable restraints in those years based on information supplied to them

by the automobile manufacturers.

Their study shows that integral seats made a partial comeback
durng 1979-80, returning to their earlier peak market penetration of 39
percent n 1980. The principal reasons for the comeback were:

(1) The fuel ¢crisis of 1979, which spurred a major shkft to small
car purchasing, just Tike the 1974 crisis. The smaller cars are more often
equipped with integral seats.

(2) The introduction of GM's front-wheel-drive X-body cars, which
had exclusively integral restraints, even on bench and split-bench seats.

{The Pontiac Phoenix had see-through ntegral restraints.) Ford introduced a

Mustang with integral seats as standard equipment , where previously the

Mustang II had all adjustable restraints. The new Chrysler subcompacts had

integral seats standard. It seems probable that cost and weight consciousness
during this period of slumping profits and fuel shortages were a factor in
motivating the domestic manufacturers to install the Tess costly, lighter

Integral seats.

The lower part of Table 4-1, however, shows that the “comeback"
for integral seats was Twmited to small domestic cars. The market penetration

for ntegral seats in mported cars dropped from 65 percent in 1976 to
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38 percent n 1978 to 20 percent 1n 1980. Imports during those years were
successfully moving from a Tow-cost market to an image of quality, comfort and
conventence. Toyota, Datsun and Volkswagen offered adjustable seats as part
of an estra-cost seat option - which was selected by 75 percent of their
customers. By 1980, the market share for integral restraints was half as high

n amports as in domestic cars, whereas during 1969-76 1t was twice as high,

The dectine for integral restraints also continued for
mtermediate-sized dome5t1c cars: from 32 percent of the market in 1975 to 12
percent in 1978 to 6 percent 1n 1981. Customers expressed a strong
willingness to buy extra-cost seats that included adjustable restraints {e.g.,
75 percent of 1981 Grand Prix's) but seldom chose optional bucket seats with

integral restraints at no extra cost (e.g., 4 percent of 1981 Pontiac

LeMans').

Furthermore, the Escort/Lynx, introduced in 1981, sold large
numbers of extra-cost optional adjustable restraiﬁts (35 percent of sales) and
the Aries/Reliant offered adjustable restraints as standard equipment. Both
of these new lines were projected in advertizing as more luxurious then the
cars they replaced {Pinto/Bobcat and Aspen/Volare); perhaps this image has
some correlation with the higher sales of adjustable restraints. As 2 result
of these new car lines, the market share for integral restraints dropped back
to 33 percent m 1981 (from 39 percent in 1980). If public concern about fuel
shortages eases in 1982-83 and larger cars regain §ome of the market they lost

in 1979-81, the market share for integral restraints may again fall to 25

percent.
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There are three market patterns thab hecome ovidest From a study
of the sales data, especially from McVetty and Heinen's detatled sales

analysis:

(1} The customer's choice between adjustable and mntegral
restraints was generally not a Hobson's choice. On most makes and models,
the consumer could buy either adjustable or integral restraints. The
principal exceptions in 1980-81 were the GM X-cars, the Chrysier K-cars,
intermediate and full-size Fords and certain Datsun's. Otherwise, the typical
choice on smaller cars was standard bucket seats with integral restraints or
extra-cost deluxe bucket seats which, among other things, have adjustable
restraints., For these makes and models, 42 percent of the domestic car buyers
and 70 percent of the imported car buyers purchased the deluxe seats which
mcluded adjustable restraints. Of course, this does not necessarily mean
that the choice was primarily mfluenced by the head restraints. On larger
carsincluding all large GM cars except Cadillacs the typical choice was
between bucket integral qnd,bench - or split-bench adjustable. Here, 93
percent purchased the seats with adjustab]e restraints. Here, however, the
choice would appear greatly influenced by whether the purchaser wanted bench
or bucket seats.

(2) There was a clear tendency in the sales data: the more
‘;iuxurious or prestigious the car, the greater the percentage of adjustable
restraints. Thus, for example, Ford Mustangs have more adjustable restraints
than Ford Escorts, Ford Escorts more than Ford Pintos, 1981 Toyotas more than
1977 Toyotas, etc. | |

(3) Manufacturers attempted to market bench seats with integral

restraints during the early 1970's but turned away from this effort after a
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few years, even while continuing to offer integral bucket seats on the same

makes and models.

Finally, then, what are the main reasons that adjustable
restraints, which are evidently more costly and less effective, get such a
large share of the market? To fully answer this question would reguire
extensive surveying of the car-buying public and the manufactuers and would be
outside the scope of the evaluation. But since the overall benefits and costs
of head restraints are influenced by the type of restraints sold, let us at
least provide some speculative answers based on the sales data and other

available evidence.

In view of the market trends, 1t seems likely that the high sales
of adjustable restraintg, to a large extent, reflect actual consumer
preferences based on styling and comfort. It would not appear that customers
are generally being forced to buy adjustable restraints. On the contrary, the
manufacturers have made a continuedleffort to furnish integral restraints to

those who want them,

Qision obstructions experienced with integral restraints {see
Section 4.4) would appear to be only a secondary factor in their overall
unpopularity. The obstructions primarily affect short drivers (e.g., shorter
than average females). VYet, 75 percent of the customers are buying adjustable

restraints and there simply aren't that many short car purchasers.
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Adjustahle restraints, as part of a deluxe seating package, seem
to he associated with an image of comfort, prestige, styling and convenience.
They might be viewed, to some extent, as a nice head rest that can be adjusted
to suit one's comfort - a de1uxe‘conven1ence item somewhat 1ike adjustable
seats, tilt steering wheels, etc. This image, we presume, has gradually been
achieved through feedback between car owners, dealers, and the manufacturers'
styling and marketing staffs. Consciously or, in most casés, unconsciously,
the majority of car buyers have apparently accepted the idea that finer seats

and adjustahle restraints go together,
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CHA#TER 5
THE OVERALL EFFECTIVENESS OF HEAD RESTRAINTS

5.1 Review of previous effectiveness studies

Eight statistical studies of the effectiveness of head restraints
were found in the Titerature. A 1972 study of accidents reported to insurance
companies provided unambiguous, statistically significant results. Ancother
study was based on police reported accident data. There were 6 analyses of

investigator-reported data, all involving small samples.

5.1.1 Studies based on insurance company data

In 1972, B. 0'Neill et al published an analysis of neck injury
claims by drivers of automobiles that were struck in the rear by another car.
[54]. The sample frame was the claim files of the State Farm Mutual Insurance
Company for the Los Angeles area in the first 9 months of 1970. The study was
restricted to automobiles of model years 1966-70 and to manufacfurer/mode]
year combinations for which the authors believed that head festraint

instaliation was virtually nil or virtually 100 percent.

They obtained a sample of 5663 cars that were struck in the rear:
3830 without head restraiﬁts and 1833 with restraints. Table 5-1 shows that
29 percent of the drivers of the pre-Standard cars claimed they had a neck
injury. Only 24 percent of the post-Standard car drivers claimed a neck
injury. This is a statistically significant 18 percent reduction in the rate

of claimed neck injuries.
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TABLE 5-1
CLAIMED NECK INJURIES TO DRIVERS OF 1966-70 CARS STRUCK IN THE
REAR, BY HEAD RESTRAINT AVAILABILI%Y; LOS ANGELES AREA STATE FARM
CLAIMS, 1970
{O'Neill et al., 1972)

Availability of Percent of Reduction for
Head N of Rear . Drivers Claiming Head Restraints
Restraint Impacts Neck Injury (%)

Not supplied 3830 29 --
Standard equipment 1833 24 18

* Statistically significant reduction (z= 4.06, p<.001)

0'Neill also found that head restraints were more effective for
females than males. Restraints reduced females' neck injury claims by 22 percent
but males' claims by only 10 percent. (The difference of effectiveness is,
however, not statistically significant.) This finding is consistent with the
fact that head restraints are more Tikely to be properly adjusted for females

than for males.

In 1973, H. Joksch proposed that 0'Neill's results may exaggerate
the effectiveness of the restraints because no attempt was made to control for
Lhe "age effect" - the fact that the pre-Standard cars are, on the average, 3
years older than the post-Standard cars in 0'Neill's data [39]. It is unknown,

however, whether insurance-reported data had "age effects" like police-reported
data or 1s relatively free of them like the National Crash Severity Study.
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Joksch's proposal can be tested by disaggregating 0'Neill's data

. by modei year, manufacturer and driver sex and running a weighted regression
of the injury rates by Standard 202 compliance, vehicle age, manufacturer and
driver sex. The regression results indicate a moderate age effect. After the
age effect was removed, the injury reduction for head restraihts was 11

percent rather than the 18 percent in Table 5-1.

The validity of the regression can be guestioned because all the
data were collected in the same calendar year. As a result, there is a strong
corretation between vehicle age and Standard 202 compliance and a high
likelihood that the model may confuse their effects. Intuitively, not much
age effect would be expected for liability claims of cars which are 0-4 years
old. (By contrast, for collision claims there could be substantial |
underreporting of minor accidents involving old cars.) Since a collision
where a car is struck in the rear by another car would normally result in a
Tiability claim, the age effect in 0'Neill's data is probably smaller than
what was indicated by the regression. Moreover, since 0'Neill's post-Standard
cars are primarily equipped with adjustable restraints (there were few
integral restraints in 1970, excgpt on Volkswagens) and since adjustable
restraints are less effective than integral ones, his effectiveness contains a
bias against Standard 202 that may cancel out the age effect. A1l in all,

0'Neill's findings should be considered essentially unbiased.

5.1.2 Studies based on State data

In 1973, H. Joksch published an “"Evaluation of Motor Vehicle
Safety Standards" based on analyses of 1971 and 1972 Texas accident files

[39]. His general procedure for crashworthiness standards was to observe the
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trend of injury rates.by mode ] year‘and determine whether a break in the trend
occurred for the model year in which the standard was implemented. In other
words, he obtained a regression equation:

P (injury) = ¢ f (make) g (acc. year) h (model year) k {standard)
The data were disaggregated by vehicle make in order to obtain repeated

measurements.

The purpose of the regression was to eliminate the "age effect":
with police data, the injury rates rise as the car gets older, a trend that is
not due to safety equipment, but to the different accident characteristics and

reporting completeness for cars of various ages.

Joksch found that a statistically significant 25 percent reductién
of a minor (C) injury could be atfributed to head restraints in rear impact
crashes of minor or moderate severity (TAD rating 1-3). There was no
significant reduction however, in the overal] injury rate for all types of

rear impact crashes,

The validity of the regression model can be questioned because the
data were collected in only 2 calendar years and they were adjacent years,
As a result, there is a strong correlation between vehicle age and Standard
202 compliance and a high Tikelihood that the model may confuse their effects.
The problem was aggravated because Joksch's assumpt ions on the implementat ion
dates for head restraints are somewhat inaccurate, in light of the NCSS
results (see Table 5-15). Regression models on vehicle age and a safety
standard cannot be trusted unless there is a sufficient span of calendar years
of data to include "01d" cars that meet the standard and "new" cars that do

not (see the FARS analyses, Section 5.4 in which 6 calendar years were used).
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This is the only way to overcome the problem of correlat ion between two key

independent variables,

5.1.3 Studies based on investigator-collected data

The six accident analyses based on more detailed, investigator-
collected data generally did not involve sample sizes large enough to assure
statistically significant results. Because of the divergent ground rules for
the data collection, there does not appear to be a defensible procedure for

combining the data from the six studies to build one large file.

J.D. States and J.C. Balcerak performed a special study of
rear-end crashes in Rochester, New York during January - April, 1972 [61].
The Rochester accident investigation team followed up on police reports by
attempting to interview the drivers and gafher medical informatjon
specifically concerning "whiplesh.”  The follow-up information was obtained
on 389 drivers and right-front passengers, divided fairly evenly among pre and
post-Standard cars. This is about 7 percent of the sample size that 0'Neill

obtained from insurance files (see Section 5.1.1).

Table 5-2 shows that 43 percent of the drivers and right front
passengers of pre~Standard cars had a whiplash injury severe enough to require
medical treatment or to result in absence from work or disability in daily
activity. Only 37 percent of the_post-Standard drivers and_rightéfront
passengers had whiplash. This is a 15 percent reduction in the incidence of
whiplash. Since the sample size was small, the reduction is not significant,

but it comes close (z = 1.29, p<.10).
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TABLE 5-2
WHIPLASH* INJURY RATES OF DRIVERS AND
RIGHT-FRONT PASSENGERS IN REAR IMPACTS, BY HEAD
RESTRAINT AVAILABILITY, ROCHESTER, WINTER 1972
(States and Balcerak, 1973)

Availability of Reduction for
Head N of Rear Percent with Head Restraints
Restraint Impacts Whiplash (%)

No head restraints 179 43 -—

Head restraints installed 210 37 15%*

*Discomfort or stiffness requiring treatment or causing temporary disability

**z = 1.29 p<.10

States and Balcerak also found that head restraints are more effective for
females than for males. Standard 202 reduced females' incidence of whiplash by
24 percent but males' whiplash by only 11 percent. This finding is nearly
identical to 0'Neill's results {22% reduction for females; 10% for males) and
is consistent with the fact that restraints are more iikely to be properly

adjusted for females than for males.

Another important finding was that whiplash often goes unreported
by the police, largely because the onset of whiplash symptoms may occur after
the police complete their investigation. This aspect of States' study is

discussed in Section 3.3.3.
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A.J. McLean analyzed data from a special study in 14 North
Carolina counties (Fall 1972 - Winter 1973) [46]. The data collection was
quite similar to the Rochester special study: police reports supplemented by
interview and medical data on neck injuries (including but not limited to
"whiplash"}. The follow-up information was obtained on 750 drivers and

right-front passengers, divided fairly evenly among pre- and post-Standard

cars.

Table 5-3 shows that 38 percent of the drivers and front-right
passengers of pre-Standard cars had a neck injury. Only 36 percent of the
post-5Standard car occupants had neck injuries. This is a 6 percent reduction

in the neck injury rate, which is, however, not a significant reduction.

TABLE 5-3
NECK INJURY RATES OF DRIVERS AND RIGHT- FRONT
PASSENGERS IN REAR IMPACTS, BY HEAD RESTRAINT .
AVAILABILITY, 14 NORTH CAROLINA COUNTIES, 1972-73
_(McLean, 1974)

Reduction for

Availbility of N of Persons in Percent with Head Restraints
Head Restraint | Rear Impacts Neck Injury (%)

No head restraints 325 38 -

Head restraints installed 425 36 6*

*Not significant: z=0.62,p>.10
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AB Volvo maintains an extensive program of follow-up
investigat ions of Swedish highway accidents involving their vehicles. In
1973, Bohlin, Norin and Andersson published several analyses of the Volvo data
base, inviuding one on the effectiveness of head restraints [13]. The data
base contained only 171 rear impacts. In the 45 cars without head restraints,
35 percent of the drivers suffered a neck injury. In the 126 post-Standard
cars, the neck injury rate was only 16 percent. This is a statistically
significant 55 percent reduction of neck injury risk (z=2.78, p<.01). In
fact, the observed effectiveness of head restraints isrmuch higher than in any
of the other studies. Although there are no apparent biases in the data,
which are a census of severe rear impacts to Volvos under warranty in 4
Swedish metropolitan areas, the results from this study should be given

relatively light weight in view of the very small sample of pre-Standard

cars.

In31972, J.C. Fell analyzed thé réar impact CFE'ISVFIES on the.
Multidisciplinary Accident Investigation (MDAI) file [31]. Since the MDAI
data were collected primarily in the 1970's and emphasize cars of the most
recent model year, there are only 49 drivers and right-front passengers on the
file who occupied a pre-Standard rear-impacted car; 37 percent of them had
whiplash. There were 229 drivers and right-front passengers in cars with head
restraints that were struck in the rear; 39 percent had whiplash. The
observed 5 percent increase in the incidence of whiplash is not statistically

significant.

J.w.-Garrett and D.F. Morris analyzed head restraint effectiveness

using a combination of data files [32]. The Automotive Crash Injury Research
(ACIR) file contained 909 drivers and right-front passengers of pre-Standard
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(1980-68) cars that were struck in the rcar. But even after combining the
ACIR with Calspan's Level 3a (in-depth) accident investigat ions, they were
able to obtain only 52 comparable occupants of post-Standard cars (1969-71).

The incidence of neck injury was 36 percent in both the pre and post-Standard

samples.

T.E. Anderson updated Garrett and Morris' analysis by adding rear
impacts of 1972 and 1973 model. cars from Calspan Level 3a data [4]. This
increased the post-Standard sample size from 52 to 68. He also limited the
pre-Standard cars to model years 1960-65 and apparently used additional
sources of AtIR data because the pre-Standard sampie size grew to 980 despite
the reduction in the span of model years. As a result of these changes, the
pre-Standard neck injury rate decreased to 24 percent and the post—Standard'
rate increased to 44 percent. This amounts to an 83 percent increase in neck
injury for Standard 202! Anderson also found that lap belts, energy absorbing
steering systéms and other safety devices were associated with higher injury
rates. It would appear from a comparison of Garrett and Morris' study with
Anderson's that the ACIR file mayibe neither internally homogeneous nor
comparable fo Calspan Level 3. This could be an ekp]anation for the

inconsistent results of the two studies as well as the latter report's

generally anomalous findings.
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5.2 Analysis of National Crash Severity Study data

Since 1977, the National Crash Severity Study has been a primary
source of detailed information on vehicle and injury performance in highway
accidents involving passenger cars. NCSS is a probability sample of towaway
accidents. It contains data elements that are especially useful for
evaluating head restraints, such as the type of restraint installed in each
car, the nature and cause of the occupants' injuries and the time at which
whipltash symptoms appeared. On the other hand, because injury-producing
rear-impact towaway crashes are relatively unéommon and because only 18
percent of the cars are pre-Standard, the NCSS sample sizes are too small to
provide statistically significant results on the overall effectiveness of
he ad restraints.! NCSS is also unrepresentative because the majority of
rear-impact injuries occur in nontowaways (see Table 3-4). It is necessary to
analyze the much larger Texas file (Sections 5.3 and 5.6) to obtain

significant results.

Initial NCSS analyses were performed by J.R. Stewart of the
Highway Safety Research Center under contract to NHTSA and are documented in
detail in their report [63]. These analyses were reworked using data
definitions and models which were more suitable for this evaluation. It is
primarily these reworked analyses that will be described here. The Highway

Safety Research Center's results will also be shown, for comparison.

A detailed description of NCSS may be found in [40], pp. 138-148,

and in [56].

5.2.1 Overview and definitions
The effectiveness of head restraints is the relative difference of
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the injury rates, per 100 rear-impact involved occupants, in cars with and
without restraints. In nrder to calculate injury rates it is necessary to
know

(1) How many persons were involved in “rear" impacts.

(?) How many of them rode in cars equipped with head restraints.

(3) How many of them were "injured.”

NCSS data include a Collision Deformation Classification [14]
which indicates both damage location and direction of force. Rear impacts are
defined here to be vehicles damaged in the rear plus those which were exposed
primarily to rear force vectors(principal direction of force 5,6 or 7

o'clock).

NCSS specifies, for each vehicle, whether or not it 1is equipped
with head restraints, even those manufactured before the Standard's effective
date (see Section 4.1)}. The sample is limited to drivers and right front
occupants, since they occupy the only seats normally equipped with the
restraints.

Three definitions of "injury"-are used:

*  Any kind of injury

* Neck injury

* Injury resulting in at least overnight hospitalization

Investigators were unable to obtain detailed injury data in about
20 percent of the NCSS cases. The problem of missing data is minimized hy

defining the above 3 injury levels as follows:

An occupant is injured if the investigator said so (overall

AIS=1-8 [1] or NECKINJU=0-7) or if the investigator didn't know {AIS=9) but
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the police said sn {police rating K,A,B or ). This definition eliminated

missing data.

An occupant suffered whiplash-type neck injury if the investigator
knew at what time.whip1ash symptoms appeared (NECKINJU=0-7) or if the
investigator didn't know about the symptoms' appearance (NECKINJU=9) but did
code the occupant as having non-contact neck-muscle péin -i.e., "whiplash."

This definition reduced missing data to 6 percent.

An occupant was transported to be hospitalized if he was killed or
was transported from the scene (according to ihe police report}) and then
hospitalized (WEIGHTFA=1 and NCSSCLAS=1-4). In NHTSA's evaluation of the
steering column [40], pp. 146-149, this definition of injury was chosen in
preference to AlS-based schemes [1] because missing data are eliminated and
because it greatly enhances statistical precision when used with the NCSS

sampling scheme.

[t should be noted that these definitions are not identical to the
Highway Safety Research Center's schemes [63] and that they eliminate missing

data to a larger extent.

NCSS is not a simple random sample. It is a stratified random
sample, with 4 strata, whose sampling proportions are 100, 25, 10 and 5
percent, respectively [56]. In order to produce unbiaseﬁ tabulations for the
universe of accidents that NCSS is drawn from, it is necessary to weight each
NCSS case by the inverse of the sampling fraction, i.e., by a factor of 1,4,-

10 or 20 for. the 4 respective strata.
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There are 967 (ﬁnwnightvd) NECSS cases ol front uutbndrd occupants
involved in rear impacts but they correspond Lo 4904 weighled cases.  Thus,
the cell entries in (weighted) NCSS tabulations exaggerate the actual sample
sizes by a factor of about 5. The exaggeration must be taken into account
when confidence bounds for effectiveness are calculated. Only 5n the case of
hospitalizing injury, where all injured persons are constrained to be in the
100% sampling stratum, is the weighted and unweighted number of injuries

ident ical.

Table 5-4 shows the (weighted) NCSS injury rates in pre and

post-Standard cars. Occupants in cars with head restraints were observed to

TABLE 5-4
INJURY RATES IN REAR IMPACTS OF
PASSENGER CARS, BY HEAD RESTRAINT INSTALLATION,

DRIVERS AND RIGHT FRONT PASSENGERS, NCSS

Without Head With Head Observed Reduction
Restraints Restraints for Heéd Restraints
(%)
N of rear impacts {weighted) 864 4040
Percent of occupants injured 48.1 49 .5 -3
Percent with neck injury* 23.1 29.1 -26
Percent hospitalized 3.8 2.6 32

*Because of missing data, N is reduced to 815 (pre-Standard) and 3792

(post-Standard).
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have higher rates of overall injury (3%) and neck injury (26%) than those in

cars without the restraints, but a 32 percent lower visk of hospitalization.

It is likely, though, that the observed injury vate differences
are partly due to age effects -i.e. differences in the occupants, vehicles and
crashes of pre- and post-Standard cars that are not due to head restraints but
only to fhe fact that the pre-Standard cars are older. Above -all, in NCSS,
the post-5tandard cars are more likely to be occupied by females than the
oider cars. Females are considerably more prone to whiplash and other minor
rear impact injury than males. This cre&fes a bias against the post-Standard
cars which partially explains their poor performance, on Table 5-4, in regard

to overall injury and neck injury.
A program of multidimensional contingency table analysis is needed
to identify and remove the age effects and to calculate the residual injury

rate differences attributable to Standard 202.

5.2.2 Effectiveness based on multidimensional contingency table

analysis

The procedure whereby multidimensional contingency table analysis
programs such as BMDP3F {15] or GENCAT [34] can be used to identify and remove
factors that confound injury rates and to calculate the injury reduction
actually due to a standard is described in Section 5.3.2 and in [40], pPp.

164-183.

The Highway Safety Research Center developed a list of 10

potential control variables (confounding factors) on the NCSS file and, by an

iterative procedure, selected those varlables which had the strongest
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interactions with injury risk and vehicle age {wee [O3T, pp. 3-4 - 3-13}.
Between one and Lhree variables weve sclected, depending on Lhe Lype of injury

under consideratinn,

Mext, the GENCAT multidimensional contingency table analysis was
applied to the table of head restraint status x'injury x the selected control
variables ([63], pp. 3-14 - 3-17 and Appendix A). The immediate objective of
this step is to "fit a model" to the data, -i.e. to specify a minimal set of
important interactions hetween the variables that gives a “good" prediction of
the observed cell entries. Its broader purpose is to replace the observed
cell entries - which are subject to large sampling error when the data are
broken up into many small cells - with "expected" entries which are less prone

to sampling error (see Section 5.3.2 of this report or pp. 173-176 of [40]).

When thg data fi!eqis a-simp1e random sample, 1ikg1ihood-ratio
Chi-squares or similar statistics reliably indicate whether a model has "good"
fit. But with the NCSS sampling scheme, these statistics have to be
explained. A single NCSS injury from the 5 percent stratum, weidhted as 20
injuries, i3 desgined to appear in only one of the small cells of a large
tahle. GENCAT sees the 20 injuries in this one cell and gives great
significance to high-order interaction terms that "explain" why 20 injuries
happened there but never more than ore or two in neighboring cells. The
"significance" of this higher order term is, of course, overstated. The
analyst must be aware, thereforg, of any high Chi—squares of higherforder
interaction terms that cannot be given a logical explanation. It s also
worthwhile to apply GENCAT to unweighted NCSS data and to guestion any high

Chi-sqares in the weighted data that are not duplicated in the unweighted
data.
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The Highway Safety Reseérch Center analysis tended to overfit the
data and included more interaction terms than necessary in their GENCAT
models. This resulted in their models predicting that head restraints
increase the whiplash risk of unbelted occupants younger thdn 20 by 437
percent but decrease it for 20-54 year old occupants by 15 percent {(Figure A-1
of their report). The models aiso predicted that head restraints reduce
overall injury of females by 43 percéht in crashes with damage extent zones
3-9 but have an effectiveness of -1 percent in all other crash situations
(Figure 3-3); that adjustable restraints are 34 percent more effective than
integral restraints in reducing neck injuries of unbelted occupants in cars up
to 2300 pounds but integral restraints are 37 pércent more effective than
adjustable restraints in 2400-3300 pound cars (Figure A-15). These
predictions appeared counterintuitive. With the model for neck injury, the
aggregate effectiveness for head restraints (10% - see Table 2-1) came out 33
percent higher than the estimate based on raw data (-23% - see Table 3-3).
This large change is probably not due to having successfully controlled for
confounding factors but more likely the result of sampling error inherent in

an overfitted model.

The models were reworked wusing a more conservative approach, as
follows: HSRC's preliminary screening indicated 4 variables that might be
significant confounding factors based on interactions with Standard 202 and
with injury as well as on intuitive grounds. The variables are occupant age
and sex, vehicle weight and damage severity. The continuous variables are
dichotomized:

* Age: Less than 40, 40+

* Vehicle weight: Up to 3000 pounds, More than 3000
* Damage extent zones [14]: 1-2, 3-9
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The 6 way tables of head restrainl status, injury, and the 4 '
control variables are analyzed. The 2 way interaclion terms are of primary
interest. Higher order terms are ignored because Lhe Chi-squares are not thal

high and there are no intuitive bases for such interactions.

If a control variable does not show significant 2 way interactions
with head restraint status and with injury risk, it is eliminated from the
model, thereby simplifying the tables. The confounding factors that remain at

this point are:

* gverall injury reduction: damage severity and occupant sex
* whiplash reduction: occupant sex

* hospitalization veduction: damage severity

The models that were selected contained the interaction of head
restraint and injury risk, plus all significant 2 way interactions. Only
those significant 3 and 4 way interactions which could be intuitively

justified were included. The chosen models are shown in Table 5-5.

Finaily, the effectjvehess of head restraints is calculated using
the cell entries predicted by the model and the effectiveness formulas shown
in Section 5.3.2. Table 5-b shdws that head restraints, in NCSS, had no
effect on overall injury rates. Neck injury increased by 22 percent, but
hospitalization decreased by 34 percent. FEach of these point estimates is 2-4
percent more favorable to the restraints than the raw data were (Table 5-4).
Recall that occupant sex, a control variable for overall injury and neck

injury (Table 5-5), had biased the raw data against Standard 202 because there

was a higher proportion of females in the newer cars. Vehicle damage,
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TABLI 5-5
MODELS SELECTED FOR ANALYSIS OF NCSS:
ANY HEAD RESTRAINT VS. NONE

I = injury

H = head restraint

S = occupant sex

0 = vehicle damage
Injury Criterion ' | Selected Model
Any injury 14, IS, ID, HS, HD, SO
Neck injury IH, IS, HS
Hospitalization IH, ID, HD

TABLE 5-6
EFFECTIVENESS OF HEAD RESTRAINTS AND
CONFIDENCE BOUNDS: MULTIDIMENSIONAL
CONTINGENCY TABLE ANALYSIS OF NCSS

Type of Effectiveness of
Injury' Head Restraints Confidence Bounds*{%) HSRC's
(Reduction of Injury Lower Upper Effectiveness
Risk - %) Estimate
Any injury 0 - -19 14 14
Neck injury -22 -72 9 10
Hospitalization 34 -10 54 N/A

*One-sided o= ,0%

142



paradoxically, also biased the raw data aqgainst SLandavd 202 because in the
rather small NCSS sample of rear impacts, Lbhe nower cars had slightly more
severe damage than the older ones (opposite to the usual age trend and perhaps

due tn softer rear structures on more recent cars).

Table 5-6 shows that none of the effectiveness estimates based on
NCSS differ significantTy from zero and that, moreover, the confidence bounds
are too wide for the point estimates to be statistically meaningful. The most
precise of the three estimates is the one for overall injury reduction, whose

one~sided 95% confidence bounds extend from -19 to +14 percent.

The jackknife technigue was used to obtain, empirically, the

confidence bounds shown in Table 5-6. This technique was used in the steering
column evaluation and is described step-by-step in [40], pp. 187-193. The
identical procedure is used here: the NCSS file of rear impacts is divided into
10 systematic random subsamples of equal size. One of the subsamples is
removed and the injury rates are calculated for the remaining nine tenths of
NCSS, using the same model as was used for the full file. The subsample is
returned, another is removed, and the injury rates recalculated, etc. The

variation from subsample to subsample is observed.

It is perhaps reassuring that the point estimate of hospitalization
reduction (37%) is not significantly greater than zero. After all, it was
shown 1in Section 3.3.3 that whiplash is the primary injury mechanism in only 36
percent of the hospitalizations, that whiplash usually is accompanied by other

injuries and that the other injuries would not be strongly influenced by head
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restraints. Tt s possible, nevertheless, thal Lhe observed veducl ion is real
-~ i.n., that head restraints areieffective in prevenling the more sorious kiﬁds
of whiptash while other safety devices have mitigated nonwhiplash injuries (and
their benefits were attributed to head restraints by the simple model of Table
5-5). For example, rebound injuries may have been mitigated by energy
absorbing steering columns. Side door beams could have reduced injury risk in

side impacts with a rear force direction.

The NCSS tabulations and analyses used to derive effectiveness and

its confidence bounds are documented in Appendix B.

The NCSS analyses of overall effectiveness of head restraints are
based on too small a sample to draw any sort of firm conclusion. It is

necessary to analyze a much larger file for precise results. This will be done

in Sections 5.3 and 5.6.
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5.3 Analysis of 1972 Texas accident data

Each year, police agencies in Texas investigate over 400,000 traffic
accidents. Because:most of the agencies make uso of the TAD classificat ion
system for vehicle damage [66], it is easy to identify the cars that were
struck in the rear. A single year of Texas data contains a sample of clearly
identified rear impacts two orders of magnitude larger than NCSS. These
virtues - Targe sample size and nearly complete damage information - make
Texas data uniquely suitable for evaluation of head réstraints. With
appropriate analysis techniques, Texas data can yield a statistically precise
and fairly unbiased estimate of the nonfatal injury reduction attributable to
head restraints.

This Section summarizes two analyses performed by Opportunity Systems,
Inc., under contract to NHTSA, on a single year of Texas data (1972). The
analyses are documented in detail in the contractor's report [127.. The more
conservative of the two analyses suggests that head restraints reduce the risk
of vear impact injury by 18 perzent.

After the contract was completed, access to 1974 and 1977 Texas files
was obtained. It became possible to perform in-house analyses on the
combined 3 years of data, using techniques that eliminate some of the
potential biases that might have occurred in the analyses of this Section.

The in-house analyses of 1972, 74 and 77 Texas files are described in Section

5.6.

5.3.1 Overview and motivation

In the most general terms, the effectiveness of head restraints is the

relative difference of the injury rates, per 166 rear-impact injoived
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occupants, in pre-Standard cars and post-5Landard cars. In order Lo
calculate injury rates, it is necessary Lo know
(1) How many persons were involved in “rear" impacts
(2) How many of them were “injured”
Texas police reports do not normally contain information on unihjured
occupants, but a record is made of each injured occupant. Thus occupant
injury rates cannot be immediately computed. Nearly all motor vehicles
in ﬁransport, however, have only one driver. If a police report
describes a vehicle but gives no injury information on the driver, it is
reasonahle to assume that there was a driver and he was not injured. In
this manner it is possihle to obtain a count of uninjured drivers and
compute driver injury rates. No such assumption can be madelat the other
seating positions, $o no meaningful injury rates can be computed at the
other positions. As a result, the Texas analyses must be Timited to
Rear impacts can be reliably identified in Texas data based on the
TAD classification of damage Tocation [66], which is completed on nearly
90 percent of the reports.
Texas data do not specify the Tocation or nature of the injury nor the

contact point that caused it. It is not possible to diStinguish neck

injury or whiplash from other injuries. The police do classify injury by

their severity, however, using-the categories X, A, B and C. Thus the

effectiveness of head restraints is calculated based on overall injury rates,

K+A+B injury and K+A injury rates. Since whiplash symptoms often do not
appear until some time after the accident, they tend to be underreported in

police reports made at the accident scene (see Section 3.1.3).
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Texdas data do not specify whelher o car was cquipped with head
yostraints. The assignment of cars to pre or post-standard ts based on a NCSS
look-up table of head restraint availability by make/model and year.
Make/model/year combinations with partial or unknown head restraint
installation are excluded from the ana;ysis (see Appendix B of [12]).

A characteristic problem of State accident data files is the vehicle
age effect: the injury rates of occupants of older cars are higher than the
rates in newer cars and the difference in injury rates exceeds that which
could reasonably be attributed to safety standards {see, for example, [16]).
Some possible causes for the age effect are discussed in detail in the
nEyaluation of Standard 214" [41]. Since the objective is to determine the
injury reduction in rear impacts that is due to head restraints, it is
necessary to identify and vremove or compensate for age effegts that cause
pre-standard (older} cars to have higher injury rates than post-standard
{newer) cars.

The first step in removing age effects is to limit the analysis
to a relatively narrow range of model years. Cars of model year 1964 and
earlier were removed and the study was limited to model years 1965-72, i.e.,
cars ranging from O to 7 years old. Further reductions in the span of model

years would have serously downgraded the statistical precision of the results.

The 1972 Texas file cqntains 63,645 passenger cars of model years
1965-72 that were struck in the rear; 4306 of_the drivers were injured, 826
sustained K, A or B_injury and only 180 suffered fatal or serious (K or A)
injury. Table 5-7 shows the injury rates in pre and post-standard cars.
Dvivers in cars with head restraints had a 27 percent lower injury rate than
those in cars without the restraints énd they experienced even greater

reduct ions in K+A+B (29%) and K+A (37%) injuries.
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TABLE 5-7
DRIVER INJURY RATES IN REAR IMPACTS OF

1965-72 PASSENGER CARS, BY HEAD
RESTRAINT INSTALLATION, TEXAS 1972

Ohserved Reduct ion

Without. Head With Head for Head Restraints
Restraints Restraints (%)
N of rear impacts 26,193 37,452
percent of drivers
injured 8.04 5.88 27
Percent with K, A
A or B injury 1.57 1.11 29
Percent with

K or A injury 0.36 - 0.23 37

It is likely, though, that the observed injury reductians are
to a significant extent due to age effects that remain in the data even
after the pre-1965 cars were removed. Two alternative procedures were
de}eloped to control for the remaining age effects and to calculate the

injury reduction attributable to head restraints:

(1) Four specific control variables are selected (factors
that are confounded with vehicle agé and bias injury rates). With the
~aid of mu1tidimeﬁsiona1 cont ingency table analysis, the pre and
post-standard populations are adjusted to have identical distributions on
the 4 control variables. The injury reduction is recalculated and since
it is not biased by the control variables, it comes closer‘to measuring

the actual effectiveness of head restraints.
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(2) The injury reduction in rear impacts is compared to the
injury reduction in side 1mpacts.‘ Head restraints have little effect on
side impact injury and relatively few improvements in side impact
crashworthiness took place during 1965-72. Any difference in the side
impact injury rates of pre-Standard 202 cars and head restraint equipped
cars can be attributed to "“age effects” in the data. Therefore, the
extent to which the rear impact injury reduction exceeds the side impact

injury reduction s a measure of the effectiveness of head restraints.

5.3.2. Effectiveness based on multidimensional contingency table analysis

The BMOP3F program of multidimensional contingency table
analysis can effectively handle 6 dimensions [15]. Two dimensions are
needed for the independént and dependent variables: head restraint
iinstallation and injury severity. Four dimensions remain available for
control variables. The are 4 data elements on the Texas file that
immediately come to mind as suitable controls {confounded with vehicle
age and correlated with injury):

1. TAD extent of damage [66]: Older cars have more severe

crashes.

2. Driver age: Older cars have, on the average, older

drivers. Older drivers are prone to whiplash and other injuries.

3. Driver sex: Older cars are more likely to be driven by
males. Males are considerably less prone to neck injury females.

(Note: this variable creates a bias in the opposite direction).
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4. Vehicle weight: During 1965 - 772, cars were gelling
heavier, on the averaqge. Added vehicle weight reduces injury risk,
especially in car-to-car rear-end crashes. This variable is also of
tnterest as a rontrol bhecause integral restraints were installed

primarily on lighter cars.

When these 4 control variables are used, BMOP3F has as many
dimensions as it can handle. No other potential controls can be t
considered and it is not necessary to use a sequential procedure to
select controls (as in the NCSS analyses for this standard or for
Standards 203 and 204 [40]). Instead, it is possible to proceed directly

to finding a model (as in the Restraint Systems Evaluation Project

[58]).

The continuous variables (Driver Age, Vehicle Weight and TAD
severity) are categorized and the 6 way table is analyzed. None of the
4, 5 or 6 way interaction terms fs significant for any of the 3
dichotomies of injury (any injUfy, K+A+B, K+A)._ Various models
comprising 2 and 3 way terms are tested. Table 5-8 shows the models that

adequately fit the data (p > .05) while maximizing degrees of freedom:
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Let N: be the cell entries predicted by the models shown in Table

vhiasy

5-8. Then

is a prediction of the number of rear impact injuries that would have
occurred if none of the cars had been equipped with head restraints.

Similarly,

3 3 2 2
New > > o > (e v
i N.')_tasu‘
t =1 a=1 s =1 v =1

is a prediction of the number of injuries that would have occurred if all

of the cars had been equipped with head restraints. The effectiveness of

head restraints, after adjusting the pre and post-5tandard populations to

have identical distributions on the 4 control variables, is

Nn_Nn_
AL)

Table 5-9 shows the effectiveness of head restraints at various
injury levels. Head restraints, by this analysis procedure, reduced
overall injury in rear impacts by 26 percent. They reduced the risk of

K, A or B injury by 27 percent and K+A (fat§1_or serious) injury by 35 percent.
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TABLE 5-9
EFFECTIVENESS OF HEAD RESTRAINTS ANE CONFIDENCE BOUNDS: MULTIDIMENSIONAL CONTINGENCY

TABLE ANALYSIS OF REAR IMPACTS, TEXAS 1972

Effectiveness of Head Restraints  Confidence Bounds*(%)

Type of injury (Reduction of Injury Risk - %) Lower Upper
Any Injury 26 21 30
K, Aor B injury 27 16 36
K or A injury 35 16 49

*One-sided % = .05

Empirical confidence bounds for effectiveness are obtained by decomposing
the file into systematic random subsamples. For overall and KAB injury
reduction, the file is split into tenths., Since there are only 180 K or A
injuries on the file, it is split into fifths when these injuries are studied.
The models from Table 5-8 are applied to each-subfile and the number of injuries
Ni11 and Nyp are predicted for each subfile. Based on the variation of
Ni1 and Nip from subfile to subfile, it is possible to empirically assess
the sampling error of these numbers predicted from the entire file. Finally,
confidence bounds for effectiveness are estimated from the sampling error of Njj
and Njp. These confidence bounds {one-sided <= .05) are shown in Table 5-9.
Since effectiveness E is a ratio estimate, the bounds are not symmetric but are
slightly skewed to the left of the point estimate. (The formulas for sampling error
and confidence bounds may be found on pp. 22-23 of [12].) It is evident from Table
5-9 that the effectiveness of head restraints is significantly greater than zero at
all injury levels and that the estimate of overalil injury reduction is quite precise

(confidence interval: 21 to 30 percent).
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5.3.3 Effectiveness based on comparison of rear and side impact injury

rates

A‘potential shortcoming-of the multidimensional contingency
table analysis is that it only removes the biases due to the specific
control variables introduced in the analysis. It does not remove biases
due to other variables or underreporting of accidents involving older
cars, except to the extent that these biases are reflected by the
distributions of TAD severity, age, sex and vehicle size. So it is
possibie that the effectiveness estimates are still overstated, hecause
only part of the biases have been removed. Indeed, the effectiveness
estimates in Table 5-9 (based on multidimensional contingency table
analysis) are only 1 or 2 percent lower than the simple injury reductions °
calculated from the raw data {(Table 5-7). Whereas this does not, by
itself, prove that the procedure overstates effectiveness, it would be
desirable to check the results with another procedure that removes hiases

in more of a blanket fashion.

The injury reduction in rear impacts {raw data from Table 5-7)

is compared to the analogous reduction in a control group of crashes

unaffected by head restraints or any other safety improvements. It is
hypothesized that any injury reductipn observed in the control group is
due to biases in the raw data (and that similar biases exist in the rear
impact data). Therefore, the effectiveness of head restraints is equal
to the amount that the injury reduction in rear impacts exceeds the
analogous reduction in the control group. {See, for example, pp. 158-164

of [40].)
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Side impacts are <elected to serve as the control group. Side
impact injury rates would not be substantially affected by head
restraints. Side impacts are less than perfect as a control group.
Although they soméwhaﬁ resemble rear impacts (e.g., mostly urban,
dayt ime accidents) they need not be subject to the same vehicle
age-related reporting biases as rear impacts. Alse, safety devices
(other than head restraints) introduced during 1965-72 may have different
benefits in side and vear impacts(see Section 3.5). For example, side
door beams (introduced in some 1969-72 models) are designed to be
effective primarily in side impacts whereas high penetration resistant
windshields {introduced in 1966) may be effective in preventfng rebound
injuries in rear impacts. Thus, we cannot be certain that the side
impact injury rate reduction is Lhe appropriate correction for biases in
the rear impact injury rates. Our uncertainty increases as the range of
model years under study is widened, since the biases become greater and
since there may be further confounding hy the effects of other safety
devices. These reservations atht side impacts as a control group for
1965-72 model cars, in part, motivated the additional analyses of Section
5.6.

The side impacted vehicles are extracted from the 1972 Texas file by
a procedure exactly analogous to the one for rear impacts, including the
assignment of cars to the head restraint equipped or unequipped
categories. The drivers involved in the side impacts are tabulated by
injury severity and head restraint availahility. Three dichotomies of
injury severity are used (K+A+B+C, K+A+B, K+A).

The upper portion of Table 5-10 shows that the drivers of cars with

head restraints have a 10.37 percent lower injury rate in side impact
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TABLE 5-10

EFFECTIVENESS OF HEAD RESTRAINTS AND CONFIDENCE

BOUNDS, BASED ON COMPARISON OF REAR AND SIDE IMPACT INJURY RATES

Type of Injury

Any K, A, or B Kor A
Injury Injury Injury
IN SIDE IMPACTS
Percent of drivers injured
without head restraints (N=61,722) 8.252 5.01 1.50
with head restraints (N=75,336) : 7.39% . . 4.25 1.26
S = Reduction for post-Standard 202 (%) 10.37 15.2 16.0
IN REAR IMPACTS
Percent of drivers injured
without head restraints (N=26,193)} 8.037 1.57 0.363
with head restraints (N=37,452) 5.877 1.11 0.227
R = Reduction for post-Standard 202(%) 26.87 29.3 37.4
EFFECTIVENESS OF HEAD RESTRAINTS
Effectiveness = 1 - i!f% (%) 18.4 17 26
Lower confidence bound* 13 6 0
Upper confidence bound* | 23 26 41

*one-sided ol = .05
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crashes than the drivers of cars without head restraints. The middle

portion of Table 5-10, which recapitulates Table 5-7, shows that in rear

impacts, the injury rate with head restraints is 26.87 percent lower than
without them. Thus, the injury reduction with head restraints is
substantially targer in the rear imnpacts than in the control group. The

effectiveness of head restraints is calculated in the lower section of

Table 5-10: it is the amount whereby the rear impact injury reduction
exceeds the side impact injury reduction (in relative terms). Thus,

effectiveness = 1 - (1 - .2687/1 - .1037) = 18.4 percent

Similarly, head restraints are found to be responsible for eliminating
17 percent of the K, A or B injuries in rear impacts and 26 percent of the
Kor A injuries.

The effectiveness estimates generated by this more conservative pro-
cedure are 8-10 percent lower than the effectiveness estimates based on the
muitidimensional contingency table analysis.

The effectiveness-estimator used in this procedure is a ratio of
ratios of proportions of drivers injured. The sample sizes are qenerally
targe. Thus, the Taylor series expansion gives a good approximatibn to

the standard deviation of the estimates [50]. In other words, let

sample size i=1 rear impact

Ny j
i=2 side immact

H

observed proportion
of drivers injured J=1 no head restraint
j=2 head-restraint equipped

pij

Define effectiveness E by

£=1-r
where
~ i Loy
i - ——
f)fl rz.l
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and the standard deviation of effectiveness,

) ) .
~ ~ l"‘Pu ‘ [ Y - J"_P_:_r_ + j— c‘_‘_ /;__
sS=r MN P N‘I- Pian Ml! P et N.z.}_ P

Since the effectiveness is based on a ratio estimate, the confidence
bounds are not symmetric but are skewed to the left. The following
equat ions, although not rigorous, should provide fairly realistic

confidence bounds (one-sided o = .05). For the lower confidence bound

&R, sojve

g, — £

L = -1.645
("" El)

=

The lower portion of Table 5-10 displays the confidence bounds
associated with each effectiveness. It is evident that the effectiveness
of head restraints in reducing overall injury is significantly greater
than zero (o = .05) and that the estimate of injury reduction is quite
precise {confidence interval: 13 to 23 percent). The reduction of K, A
or B injury is also significantly greater than zero (confidence interval:
6 to 26 percent).' The estimate of X or A injury reduction “comes close"

to significance (confidence interval: 0 to 41 percent).
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5.3.4 Summary

The Texas 1972 accident file yields a sample of drivers involved in
rvear impacts which is of ampie size for statistically meaningful results
on the effectivenéss of head restraints. A key analytic task is to
control for biases in the injury rates that result from the pre-Standard
cars being older than the post-Standérd cars. In addition to removal of
the oldest cars, two alternative statistical procedures are used to
control for bias: multidimensional contingency table analysis and
comparison of rear impacts with a control group (side impacts). The
former yielded an effectiveness estimate of 26 percent for head
restraints; the latter, 18.4 percent. Base@ on earlier experiences in
applying multidimensional contingency table analysis to police reported
data [9], [18], [43],.there is cause for concern that this procedure may not
fully control for biases and thereby may produce somewhat exaggerated
estimates of effectiveness (by contrast, multidimensional contingency table
analysis seems to do an excellent job controlling for age biases in
investigator-reported towaway files such as NCSS [40], pp. 158-164). The
second procedure, on the other haqd, may thegreticai]y make insufficient or
excessive correction for bias and yield a slight over or underestimate of
effectiveness. Good results have been achieved with this procedure when an
appropriate control group was used {[40], pb. 158-164 and 197-211; [41]
pp.175-178; [9])}, but unrealistic resusits have been obtained in another
application [43].

Thus, there is considerable evidence that the first procedure, used
with police data, resulted in an overestimate of 26 percent effectiveness.

The second procedure resulted in an estimate of 18.4 percent which may or may
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not. contain a bias of unknown direction and magnitude. 1t would be desirable
to perform the analysis with a narrower range of model years and/or eliminate
the need for a control group. This, in turn, requires a larger sample. The
analyses of the combined 1972, 74 and 77 Texas files, described in Section

5.6, are planned to achieve these goals.
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5.4 Analysis of Fatal Accident Reporting System data

In rear impact crashes, nonserious injuries and fatal injuries involve
very different mechanisms. In Section 3.3.3, it was shown that the most frequent
mechanism, by far, of nonserious injuries was whiplash, which has the potential for
alleviation, in many cases, by head restraints. The 28 well-documented fatalities
described in Section 3.3.4 rarely involved seatbacks or head restrainté. It is
evident that the effect of head restraints on fatalities, if any, is unlikely to be
the same as the effect on injuries, so it needs to be studied separately. Moreover;
we cannot be sure that the effect of head restraints on fatalities, if any, is
necessarily beneficial. It is conceivable that a head restraint could prevent
hyperextension so severe that it would have caused 1ike-threatening nerve damage.
But it is also conceivable that a poorly designed and mispositfoned head restraint
could give a dangerous “"karate chop" to the neck. In short, the expected effect on
fatalities is close to zere and if it is nonzero, it might be either pqsitive or

negative.

Two data sources are used to study the effect of head restraints on
fatalities. This Section contains detailed statistical analyses of the Fatal
Accident Reporting System. Section 5.5 is a macroanalysis of the trend in fatal

rear-end collisions during 1966-80 as reported in Accident Facts.
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The Fatal Accident Reporting System (FARS) contains a virtual censys of
the fatalities that have occurred since January.i, 1975. As of March 1981, FARS
contained over 150,000 passenger car occupant fatalities, versus approximately 900
on NCSS or 2000 in a year of Texas accident data. Given suitable analysis
Lechniques, FARS has the potential to provide more reliable results on fatality
reduction than other files. For example, in the “Evaluation of Federal Motor

Vehicle Safety Standards for Passenger Car Steering Assemblies,” the estimate of

fatality reduction was based on FARS [40].

Head restraints do not have a significant effect on rear impact occupant
fatalities, according to the FARS analyses. The analytic procedures and resuits are

described below.

5.4.1 Method

There are some difficulties in using FARS data. Since FARS only
contains fatal accidents, it is not possible to compute fatality rates per 100
(fatal or nonfatal) crash involved occupants. So it is not possible to directly
compare the occupant fatality rates in crashes of pre and post-Standard cars. Two

surrogate procedures are developed.

{1) FARS can be used.to compute indirectly the relative fatality risk of
pre and post Standard cars: the rear impact fatalities are compared to a control
group of deaths unaffected by head restraints. The rear impacts and the contro]l
group should be similar except for the effect of Standard 202. The fatalities are

then tabulated by pre/post, for the control group and the rear impacts:

162




control rear

FATALITIES group impacts
pre-Standard cars Nil N12
post-Standard cars NZ21 © N22

The ratio NZl/Nli is an indirect measure of the likelihood of
post-Standard car fatalities relative to pre-Standard. If Standard 202 had no
effect on rear impact fatalities, the expected number of rear impact fatalities in

past-Standard cars would be N12(N21/N11). Thus

NZ22 N1l
E = 1] - —— °
N12 NZ21

ts a measure of the effectiveness of head restraints in reducing rear impact
fatalities. This is the same general method that was used in the steering column

evaluation [40].

Specifically fatality counts for model years 1965-68 (pre-Standard) and
1969-71 {post-Standard) were used. A relatively large number of model years was
needed because rear impact fatalities are so infrequent: wusing only the last
pre-Standard and first post-Standard year (as in [40]) would yield counts too small

for statistical significance.

Three potential control groups, described below, could be identified
for the FARS data elements. The prime control group was passenger fatalities in
frontal impacts. This group was, relatively, the least affected by safety
1mpfovements during 1965-71 {(the high penetration res?stant,wiquhield was installed
in all years except 1965). Side‘impact fatalities were second best as a control

group because Standard 214 - Side Door Strength - was satisfied by many of the
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1969-71 cars and none of the 1965-68 cars. Driver frontal fatalities were not a
valid control group because effective energy absorbing steering systems were

installed beginning in 1967-68.

The tabulations were based on the 1975-80 FARS data that were on file on

March 11, 1981. At that time the 1980 file was approximately 90 percent complete.

Frontal, side and rear impacts are defined according to the “principal
impact point" on FARS. For example, rear impacts had a principal impact point of

5-7 o'clock.

A fairly large number of model years (1965-71) was used to guarantee a
sufficient number of rear impacts for statistically meaningful results. In turn,
this creates a possibility of vehicle age bia; (i.e., the_oldest pre-Standard cars
are 6 years older than the newest post-Standard). In gorder to check and control for
the bias, the simple contingency table analysis described above was supplemented by
a regression of rear impact fatality risk by Standard 202 compliance, vehicle age
and FARS calendar year. The details of the regression pyoceaure are described in

Section 5.4.3.

(2) The approach of Section 5.4.4 uses passenger car registration

figures by model year and calendar year to obtain rear impact fatality rates per

mi]Tion car years. The fatality rates of pre and post-Standard cars are compared.
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5.4.2 Results of the contingency table analyses

Table 5-11 compares the overall occupant fatalities in vear impacts to
the passenger fatalities in frontal impacts. Based on the trend in passenger
frontal fatalities, (5646/4982) 791 = 896 rear impact fatalities were expected in
the post-Standard cars. In fact, 1018 deaths occurved. This is an increase of 14

percent in rear impact fatalities for the post-Standard cars.

TABLE 5-11
PASSENGER FATALITIES IN FRONTAL IMPACTS AND
OCCUPANT FATALITIES IN REAR IMPACTS OF
'1965-71 PASSENGER CARS, FARS 1975-80

Fatalities

Passenger Rear

Frontals Impacts
Model years 1965-68 4982 791
Model years 1969-71 5646_ 1018

Effectiveness of head restraints = 1 - 1018 4982= -14%
791 5646

The FARS result is based on combining 6 calendar years of data
(1975-80). Each of the individual calendar years of FARS is a subsample of the file
that was used. An empirical and conservative method for testing the significance of
the observed change in fatality risk is to perform the calculation of effectiveness

separately for each of the 6 years of FARS and to examine the variation of the

results.
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Tabie 5-12 compares the.rear impact and passenger frontal impact
fatalities by calendar year of FAéS. It is identical to Table 5-11, except the data
have been subdivided by calendar year of FARS. The effectiveness of Standard 202 is
also calculated for each calendar year. It ranges from -45 percent in 1976 to +16

percent in 1979,

Let Ei be the effectiveness estimate based on FARS data fram calendar

year i. Then
1980
E =S €/ w-11.58
yan
i= 1975
1980 'y,
S =|@ E (i -%)] =207
i=1975 %

are the average effectiveness for a year of FARS and its standard deviation

(calculated from the sample).
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TABLE 5-12
PASSENGFR FATALITIES IN FRONTAL TMPACTS AND
OCCUPANT FATALITTES IN REAR IMPACTS OF 1965-71

PASSENGER CARS, FARS, BY CALENDAR YEAR

Fatalities

Calendar Mode] Passenger Rear Observed Effectiveness
Year Years Frontals Impacts of Head Restraints (%)
1975 1965-68 1264 201 ~-3.1

1969-71 1073 176
1976 | 1965-68 1144 144 -45.1

1969-71 1117 : 204
1977 1965-68 869 139 -20.4

1969-71 1049 | 202
1978 1965-68 746 | l122 —-14.3

1969-71 995 186
1379 1965-68 576 111 +15.9

1969-71 802 130
1980 1965-68 383 74 -1.8

196971 610 120
Average of effectiveness ' ‘ -11.5
Standard deviation of effectiveness 20.7
Lower bound for effectiveness -11.5 - :—L—%‘é 20.7 = =29 percent
Upper bound for effectiveness | -11.5 4-%§%§; 2U.7 = 46 percent




Let E be the effectiveness of head restraints calculated using 6 years
of FARS. Then (E:Ej/(s/JE) is roughly t distributed with 5 degrees of freedom.

Thus, a lower confidence bound for gffectiveness (one-sidedh= ,05) is given by

E - 2,015 s/vf6"= -29 pergent

The upper confidence bound for effectiveness is X

£+ 2.015 s//f6-= +6 percent

The null hypothesis that effectiveness is zero can be tested by compu-
ting'E/(sffga =-1,36. Since this quantity is within the acceptance region (= .05)
of a t distribution with 5 df, the null hypothesis is accepted. We conclude that

head restraints have no effect on fatality risk in rear impact crashes,

The above analysis included all occupant fatalities in rear impacts.
But head restraints were only installed in the driver's and right front seat. Al1l
occupants were included in the analysis, however, because (1) about_?O percenf of
them do sit in the driver's or right front seat; (2) possible reservations about
the completeness and accuracy of seat position reporting in FARS§ f?? although
inclusion of the other occupants may changé effectiveness results slightly, it

should not change the estimate of net benefits.

As a check, however, the calculations were repeated using only the
drivers and right front passengers in'rear jmpacts. Table 5-13 is the basic
contingency table., Note that rear impact counts are considerably smaller than in
Table 5-11. The resu1ts,‘however, are the same as in the preceding analysis: the
observed effectiveness of Standard 202 is -14 percent and the confidence bounds for
effectiveness (based on year-to-year variation of FARS results) are -28 to +6 percent.
Again, the data are consistent with the hypothesis that head restraints have no effect

on fatalities,
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TABLE 5-13
PASSENGER FATALITIES IN FRONTAL IMPACTS
AND DRIVER AND RIGHT-FRONT PASSENGER
FATALITIES iN REAR IMPACTS, FARS 1975-80

Fatalities
Passenger Driver & RF
Frontals Rear Ihpacts
Model years 1965-68 4982 576
Model years 1969-71 5646 741

Effectiveness of head restraints: -14 percent

The results were also checked by using‘gjpe impact fatalities as the
control group. Table 5-14 is the basic contingency table. The results with
this control group are s1ﬁght1y Tess unfavorable for head restraints: the observed
effectiveness for Standard 202 is -5 percent and its confidence bounds range from

-20 to +12 percent. The data are consistent with the hypothesis that head restraints

have no effect on fatalities.
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TABLE 5-14
SIDE VS. REAR IMPACT OCCUPANT FATALITIES
IN 1965-71 PASSENGER CARS, FARS 1975-80

Fata]ities
Side Rear
Impacts Impacts
Model years 1965-68 8391 797
Model years 1969-71 10255 1025

Effectiveness of head restraints: -5 percent

The most plausible explanation for the less negative result with
this control group is that ihe vehicle age factor has different effects on side
and frontal impacts (i.e. older cars and their drivers have a higher ratio of frontal
impacts to side impacts than newer cars). The vehicle age regression analyses of
the next section support this explanation: they establish almost the same value

of Standard 202 effectiveness using either of the 2 control groups.

5.4.3. Results of the regression analyses

The use of 7 model years (1965-71) in the preceding analyses may have
resulted in a bias against Standard 202: the post-Standard cars are, on the average,
3.5 years newer than the pre-Standard cars. Newer cars tend to have a higher ratio
of (fatal and nonfatal) rear impacts to frontal impacts than old cars - see, for
example, Appendix F of [41]. Therefore, 2 somewhat higher ratio of rear impact

fatalities to frontal fatals would also be expected in the post-Standard cars: a

spurious "negative” gffect for Standard 202,
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Multiple regrassion analysis permits removal of the vehicle age bias.
The FARS fatality counts (rear jmpacts and passenger frontals) are tabulated by

model year (]965-71) and calendar year (1975-80). The dependent variable is

R = rear impact fatalities x 100
passenger Trontal fatalities ¥ rear impact fatalities

for a given model year of cars in a given calendar year. Thus, there are 42

observations of the dependent variable. The independent variables are

H = proportioﬁ of cars with head resfraints in 2 giﬁeﬁ ho&éi
year (see Tabie 5-15) -

A= vehiclé aée = éa1éndar yéaf.- model year

Y = calendar year - 1975 (added to detect secular trends)

Over the 6 years of FARS data, A rangés from 7-15 for the pre-Standard cars and
from 4-11 for the post-Standard cars. In other words, the ranges overiap con-
siderably and A is not confounded with H in & manner that would invalidate the

regression. The regression weight factor is

N = passenger frontal fatalities + vear jmpact fatalities.
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TABLE 5-15
PERCENT OF CARS WITH HFAD RESTRAINTS

AND SIDE DOOR BEAMS, BY MODEL YIEAR, NCSS

Model Year % with Head Restraints % with Side Door Beams

1965 0 0
1966 '.) 0
1967 3 0
1968 12 0
1969 88 23
1970 97 49
1971 100 55

The regression equation which best fits the observed, weighted data |

points is
R=13.3 + 1.709 H + .039 A + .383Y

and the multiple correlation coefficient Is .39 and df=37. The positive coefficient
for H suggests that the observed effectiveness of head restraints is still negative
after controlling for vehicle age and calendar year - i.e. cars with head restraints
(H=1) have a higher proportion of rear impact fatalities than cars without head
restraints (H=0).

The weighted average of R was

R = 14.734
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Since about half of the cars in the sample were equipped with head restraints,

a good approximation of the observed effectiveness of head restraints is given by

"+ 1.709/2
- » -12 percent

1l - — . .
R - 1.709/2 .

where 1.709 is the regression coefficient for H.

Thus, after control]iﬁg'fo} vehic]é age aﬁd cafenda; &eﬁr. thé observed
effectiveness is not quite as negative as it was in the simple contingency table
analysis (-14 percent). |
\ .

The standard deviation of the regression coefficient for H is

2.084.

The null hypothesis that the coefficient is zero can be tested by
computing t = 1.709/2.084 = 0.82. Since this gquantity is within the acceptance
region of a t distribution with 37 df, the null hypothesis is accepted. We again

conclude that head restraints have no effect on fatality risk in rear impact

crashes.

The result was checked by perfbrming an identical regression,

except using side impact fatalities instead of passenger frontal fatals in com-

i puting R. The observed effectivenéss of head restraints, based on this regression
js -14 percent, which is nearly jdentical to the result with passenger frontals,
Apparently, by controlling for vehicle age and calendar year, the differences of
the control grouﬁs (which led to different results in the simple contingency table

analyses) were more or less eliminated.
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A potential criticism of the above regression using side impacts
is that it failed to control for the effect of side door beams (Standard 214)
which were installed in many 1969-71 vehicles. The regression should have

contained another independent variable.

S = proportion of cars with side door beams in a given model year

The values of S are shoun alongside the values of H in Table 5-1%
Unfortunately, S and H are exceedingly correlated (r = .94), causing a high
likelihood of meaningless results if both are entered in the regression. This
is exactly what happened: the regressidn equation had a small negative coefficient
for H (suggesting head restraints reduce rear impact fatalities by 6%) and a
large positive coefficient for S {suggesting side door beams reduce all types
of side impact fatalities by 43% - an absurd result). Obviously, this regression
equation is not meaningful and the preceding one (without S) should be used
with the understanding that failure to control for side door beams causes a

modest bias against Standard 202,
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5.4.4 ﬂgngEjgﬂgjﬁjfgg;jmbact fatalities per mil[igﬁ“yehicle years

The need for a frontal or side impact control gréup {and its
concommitant potential biases) can be obviated by using a combination of FARS
and exposure data. FARS supplies the number of rear impact fatalities by
model year and calendar year, for model years 1965-71 and calendar years
1975-80. On p.24 of "MVMA Motor Vehicle Facts and Figures '81" {published by
the Motor Vehicle Manufacturers Association, Detroit, 1981), there is a table
of the number of cars, by model year, that are still on the road in a given
calendar year. With these two sources, it is possible to calculate the
fatality risk - the number of rear impact fatalities per million vehicle
exposure years. Table 5-16 shows that pre-Standard 202 cars (model years
1965-71) had identical rates of 8.3 rear impact fatalities per million car
years during 1975-80. It suggests that head restraints neither increased nor

decreased fatality risk.

Empirical confidence bounds for the estimate can obtained by
calculating the effectiveness of head restraints separately in each calendar
year and observing the year-to-year variation (see Section 5.4.2). The

confidence bounds are -16 percent to +16 percent.

TABLE 5-16

REAR IMPACT FATALITY RATES IN

1965-71 PASSENGER CARS DURING 1975-80

Rear Impact Vehicle Exposure Fatalities per
Fatalities Years (millions) Million Car Years
Model years 1965-68 797 96.603 8.3

Model years 1969-71 . 1025 '123.850 8.3
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The preceding comparison, however, is somewhat hiased in favor of
Standard 202 hecause the post-Standard cars are newer and tend to have lower
fatality rates. Moreover, the cars with head restrainks arc more likely to be
equipped with other life-saving devices such as energy-absorbing steering
columns, which could have had some effect on rear-impact fatality risk. The
vehicle age hias is removed by computing fatality rates by model year and
calendar year and performing a regression on the.rates. The dependent

variable is

R __rear impact fatalities x 1,000,000
- registered vehicle years

for a given model year MY of cars in a given calendar year CY. The

independent variables are

proportion of cars with head restraints in model year MY

XL
1!

(see Table 5-15)

A = vehicle age = CY-MY

1l

CY76 1 if CY¥=76, 0 otherwise

€CY80 = 1 if CY=80, O otherwise
The regression weight factor is
N_(MY,CY) = registered vehicle years
The regression weight equation which best fits the data is
R = 7.88 + .85H - .35A + .035A2+ .11 CY76 + .77 CY77 + .85 CY78

-.002 CY79 - .65 CY80

and the multiple correlation coefficient is .38 with 33 df. The positive

coefficient for H suggests that the observed effectiveness of head restraints
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i negalive.  The weighted average of R iy
R = 8.44
Since about half of the cars in the sample were equipped with head restraints,

a good approximation of the observed head restraint effectiveness is given by

: R + .B5/2
] = ———— = -11 percent
R - .85/2

The standard deviation of the regression coefficient for H is
1.39. The null hypothesis that the coefficient is zero can be tested by
computing t = .85/1.39 = 0.61. Since this quantity is within the acceptance
vegion of at distribution with 33 df, we accept the nuil hypothesis that head
restraints had no effect on fatalities. Moreover, the observed negative
result of the regression may partly be spurious. The regression contains a
bias against head restraints, because the life-saving benefits of other safety
devices in rear impacts, if any, are attributed by the regression to vehicle
age and tend to exaggerate the true age offect. The regression compensates

for a larger age effect by a more unfavorable head restraint effect.

In summary, the analysis of rear impact fatalities per million
vehicle years yields nearly the same resutts as the aﬁa]yses of rear impact
fatalities relative to control groups of fatalities {Sections 5.4.1 - 5.4.3}):
no significant effect in either direction for Standard 202, with a siight

fatality increase observed in some of the analyses.
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5.5 The Tong-term trend in fatal vear-end collisions

The slight (although nonsignificant) increases in fatalily
risk observed in most of the FARS énalyses of Section 5.4 and the
concern that has heen raised about head restraints as a possible source

of serious injury motivate further analysis of fatalities.

[f head restraints have caused a truly substantial increase
in fatality risk it should be reflected by an increase in the annual
number of rear impact fatalities during 1969-80, the years during which
the percentage of cars on the road with head restraints grew from 1
to over 90. Of course, a subtle change in fatalities of a few percent
would not be revealed by such a gross analysis. But an increase of

hundreds of deaths would not remain concealed.

FARS only dates back to 1975. Accident Facts, however,

gives annual counts of fatal rear end coliisions for 1966-80. The
counts include collisions where the fatality is in the striking car as
well as collisions involving only trucks, motorcycles, etc. Rear impact

fatalities occur in only 1/3 to 1/2 of these accidents. Accident Facts

also warns that the counts are not necessarily comparable from year to
year. These circumstances should be'kept in mind when Table 5-17 is
examined. The table shows the annqg] counts of fatal rear-end
collisions for 1966-80, both in absolute terms and as a percentage of

fatal multivehicle collisions.
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Year

1966
1967

1968

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

FATAL RE

n of Fatal
Rear-End Collisions

2400
2400
2400
2200
2100
2100
2200
2300
1800
1960
1500
1900
2400
1800
2000

TABLF 5-17
AR-END COLLISIONS 1966-80

 (Accident Facts)

M of Fatal
Two-Vehicle Collisions

18,500
18,300
18,600
18,300
18,100
18,100
18,900
19,700
16,800
15,600
15,900
17,20C
18,300
18,200
17,400

n/N (%)

13.0

12.8

12.9

12.0
11.6
11.6
11.6
11.7
10.7
12.2

11.0
13.1
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Table 5-17 shows that fatal rear-end collisions have
certainly not increased since head restraints were introduced. In fact,
both the absolute number of rear-end fatal accidents and the poroportion
of vear end collisions relative to other fatal accidents have declined a
little. There are significant negative correlations between the
proportion of the fleet with head restraints and the absolute number (r =
-.59, p < .bS) and relative Lroportion {r = -.53; p < .05) of fatal
rear-end collisions - i.e,, the more cars with head restraints, the fewer
fatal accidents. Of course, the correlation does not necessarily imply
that head restraints reduce fatalitfes, for the reduction cou]d have been
due to other safety standards and nonvehicular factors. But, at the very
least, head restraints did not substantially increase rear impact

fatalities.
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5.h Analysis of 1972, Zﬂ_and 77 Texas accident data

Access to Texas State accident files for 1974 and 1977 was
estahlished during the anaiysis of 5nteqra1 versus adjustable restraints
(Section 6.3). These files, in combination with the 1972 data, can be used to
obtain more reliable estimates of head restraint effectiveness than those

hased on 1972 data alone {Section 5.3).

5.6.1 Overview and motivation

The analysis of 1972 Texas data, performed by Opportunity Systems,
Inc., under contract to NHTSA [12], was restricted for the sake of homogeneity
to cars of model years 1965-72. Cars of 1965-68 were called pre-Standard and,
of 1969-72, post-Standard. ‘Overall.injury rates were computed for drivers
mvolved n rear impacts and sidg mpacts. The injury reduction in side
mpacts, for 1969-72 cars versus 1965-68, was attributed to vehicle age biases
rand safety devices other than head vestraints. The 18 percent excess of the
injury reduction in rear mmpacts over the reduction in side wmpacts was
attributed to head restraints (see Sections 5.3.1 and 5.3.3).

Two possible criticisms of the preceding analysis are:

{1) Restricting attention to 1965-72 cars 1s an improvement over
using cars of all ages, but-the restriction does not go far enough. Eight
years 1s sti11 a substantial age span. Moreover, 1965-72 was the time duf1ng
which many of the important safety devices other than head restraints were
first installed (see Section 3.5}).

(2) Side wmpacts, as a control group, are better than ne control
group at all, but st111 leave something to be desired. The vehicle age bias
on side mmpact njury rates is not necessarily the same as on rear impacts.
Safety devices other than head restraints may have affected side and rear

impact injury rates differently.
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The availability of Texas files for 1974 and 1977 makes 1t
possible to overcome these pfoblems. With the combined data file for the 3
years, the sample 15 large enough for stai1st1cally precise Injury rates on a
single model year of cars. As a result, the rear wmpact njury rates for 1968
models {pre-Standard) and 1969 models (postfstandard) can be meaningfully
compared. With just a one-year difference in the age of the éars, age biases
become negligible. Also, the possible confounding effects of safety devices
other than head restraints are largely elwminated, since hardly any were
introduced in the 1969 model year (see Section 3.5). Therefore, the use of a
control group 1s superfluous and the rear wpact njury rates for 1968 and
1969 can be compared directly. This 1s the analytic approach used in Section
5.6.7.

Another advantage of having accident data from 1972, 74 and 77 1s
that the pre-Standard cars are no longer of necessity older than the
post-Standard cars. The 72 file contains 44year old pre-Standard cars (model
year 1968) and the 77 file contains 8-year old post-Standard cars (mode] year
1969). Under these circumstances, 1t becomes possible to compute rear impact
1njﬁry rates by accident year and model year (1965-72) and to perform a
meaningful regression of the injury rates by percent of cars equipped with
restraints and vehicle age. The regression finds the average year-to-year
drop in njury rates due to vehicle age biases and safety devices, other than
head restraints, introduced n 1965-68 and 1970-72. It separates these annual
reductions from the one-time effect of head restraints. Thus, wnstead of
using a side mpact control group to find the biases, 1t f1ndslthem directly
from the rear mmpact 1njury rates. fh1s is the analytic approach used n

Section 5.6.3.
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Finally Section 5.6.4 repeats the analysis with a side impact
contrnl group that was performed n Section 5.3.3, but with a difference:
thanks to the enlarged sample, the ?ange of model years can be restricted to
1967-68 for pre-Standard and 1969-70 for post-Standard. Cutting the age range
in half diminishes the wmportance of age-related biases and their possible
inconsistency between side and rear mpacts. It also elwminates the
confounding effects of safety devices such as improved windshields (introduced
in 1966) and seat belt buzzers (1972} and reduces the confounding from energy
absorbing steering systems and seat back locks {(mostly introduced in 1967) and
<1de door heams (mostly introduced 1n 1971-73).

Throughout Section 5.6, the definitions of rear impacts, injuries,

etc., are the same as 1in Section 5.3.

5.6.2 Rear mpact 1njury rates n 1968 versus 1969 models

Table 5-18 shows that dravers of 1969 model cars 1nvolved in rear

wmpacts were 8 percent less 11kely to be njured than drivers of 1968 model

cars.
TABLE 5-18
DRIVER INJURY RATES IN REAR IMPACTS-OF 1968 AND 1969
PASSENGER CARS, TEXAS 1972, 74 AND 77
Model Year 1968 Model Year 1969

N of drivers in rear impacts ‘ 20,214 23,051
n of drivers njured 1,531 1,605
Injury rate (p) .0757 .0696

The 8 percent reduction understates the effectiveness of head

restraints because many 1968 cars already had the restraints while some
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1969 cars did not. Table 5-19 shows the proportions of crash-involved cars

with adjustable and integral restraints, by model year. It s based on NCSS

data.
TABLE 5-19
HEAD RESTAINT INSTALLATION BY MODEL YEAR,
CRASH-INVOLVED CARS, NCSS
Proportion of Cars with
Model | Adjustable Integral No Head
Year Restraints - Restraints Restaints
1965 0 0 1
1966 0 0 1
1967 .02 .01 .97
1968 .06 .06 .88
1969 .81 .07 12
1970 .80 .17 .03
1971 .68 .32 0
1972 | .63 : .37 0

Let € be the actual effectiveness of adjustable restraints and let
r=1-£ Let & be the effectiveness of integral seats relative to

adjustable restraints and let f, = 1 -&,. tet

be the observed njury reduction for 1969 cars relative to 1968.
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Based on the distribution of head restraints for 1968 and 1969
cars shown in Table 5-19,

Sle+ ., 0TnRr + {1

: (1)
D6r 4+ DERr ¢ .88

rn =

From Tahle 5-18,

ri= .9193

and from Sect10n 6.3.2,

ro= .927

Thus
9193 = BE 0D+ L)
Lo6br +—.05(ﬁ27)r-+.88
and
r = .896

In other words, the overall effectiveness of adjustable restraints is 10.4

percent .

For approx mate confidence bounds on this effectiveness, we

express r as a statistic of ri and rp:

.QSﬁ - 12
B+ 0T F = 06, + 06T,

i

The expression 1s obtained by solving formula (1) for r.
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Thanks to the generous sample sizes in Table 5-18, ; can be

treated as an approximately normal vériabie with standard deviation

S ?" —"'—-——-’ - PEB I- PG‘l ‘IL
| [ ncg + ’ né,i = -0316

From Section 6.3.3, M is independent of I, and can be treated as

approximately normal with standard deviation
S

As a result, I has standard deviation

T wr(.?gr,-.il) + Ver (L8 .07 1y = .06, -.OLr.rJ_) - cev (-355-, -2, JBiF.07n - 080 -,N,.r'.r._) I}z_ :
S= r\ (8- - Jd2)t (8 +.8Tey = O6r, —-_.c(.r.r,\'z‘ . (88r - 238y 6Te- 067, — . C6x, r:)
‘ \/2
g st RN +.0L‘&rlr,g—1(.u7)(-%)cw(f L E)s 200 conts, ) ‘_(93”-')5)‘—‘-1* (318)coi 18
S L fl
= ' .26
296\ 149 5907 2648

o

~ o2 $.t st 000 38 53 1!.1'
2 gqe { .oopurs + ovoome ¢ LPOECTEIT TR -—,.—LL) t -
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In the pi:eceding formulas, it was assumed that cov(ry, rirp) = 35, 1"1,
and cov(rp,rq r3) = qu'r, » which is approximately correct
when r1 andl) are close to 1 and s9, s are small relative to rq,

ra.

) [}
ST 496 (Locissd + c.cﬂwch'oczzS')) %2 Lo

~Although r is a ratio estimate, the small size of s relative to r
suggests that the confidence bounds will be nearly symmetric. The lower

confidence bound for effectiveness of adjustable restraints

62 = — (‘”-t— .65 5) 4,0percen£

The upper confidence bound is
~ - -
€,= I=(r-ie45 5) - 16.8 percent
5.6.3 Regression of rear impact injury rates i
let
R(MY,CY) — n c" in‘jwc,l :lr.u‘er-, o Cars c-( mmlﬂl ;jes.;‘ ﬂ'{‘;' e Gt .‘;;aJ' Y far C‘(‘

M .-,,f »lr{nrs .ih euf f*r.:\c'f‘s o M(Lgl ye:r H".’J, ale. 7:-~:-C‘f’

The rear 1"mpact injury. rates R(MY, CY¥) are expected to drop
siightly from one model year to the next, in a given calendar year, as the
cars get newer and safety devices other than head restraints are introduced.
If head restraints are effective, the rates are expected to drop more
substantially in the yéar that the restraints are introduced in the fleet
{primarily 1969). VRegression is used to separate the effect of head

restraints from the year-to-year effects of age biases on injury risks.
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The dependent variable for the regression 15 R as defined above.

An 1nitial Tist of independent variables is

Hy = proportion of cars in model year MY with adjustable restraints
(see Table 5-19)
H, = proportion with integral restraints (see Table 5-19)

A = vehicle age = CY - MY

1 if CY = 74, 0 otherwise

CY74

1

1 1f CY 77, 0 otherwise

CY77

(Note that when CY = 72, CY74 = CY77 = 0.)
The regression weight factor 13s
N (MY, CY) = N of drivers in rear impacts in mod. year MY, acc. year CY

It is necessary to consider the effect of adjustable and integral
restraints sebarate]y, in one way or another, because integral restraints are
significantly more effective {see Section 6.3.2). As a result, during
1970-72, when there was a substantial shift from adjustable to integral (see
Table 5-19), injury rates can be expected to drop. If the regression were
merely to use the independent variable "head restraints”™ with no distinction
of adjustable and integral, all the injury reduction in model years 1870-72
would be attributed to vehicle age biases, to the detriment of heéd
restraints. The effectiveness of restraints would be underestimated.

On the other hand, it would also be improper to run the regressicn
using directly the above 1ist of independent variables. Since Hy and Hp
{the proportion of cars with adjustable aﬁd integral restraints, respectively)
have a fixed relationship in a given model year, they are not really
independent variables and any regression using both of them 1s likelty te
produce meaningless results. In fact, the regression using the initial 1ist
of 1ndependent variables produced a very large effectiveness for adjustable

restraints and a large negative effect for integral restraints.
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The solution to the dirlemma 1s to dgveTop a regression model which
expresses head restraints as a single ndependent variabie hut which also
contamns an externally derived mmputation factor for the split between
adjustab1e and ntegral restraints.

Tabie 6-4, which was derived independently from this analysis,
shows that dravers with integral réstraints had an njury rate n rear impacts
that is .0053 lower (in absolute terms) than drivers with adjustable
restraints. Thas abso1ﬁte difference may vary slightly as a function of
vehicle age, but may for practical purposes be treated as a constant.

Develop a regression model as follows. Let

Rp = injury rate for 100% no restraints
R1 = injury rate for 100% adjustable restraints
Rp = injury rate for 100% integral restraints

Let the model be
b3
Rp = a8y +a1 A+ap A + a3 CY74 + ag CY77

Ry

R0+65

Ro =Ry - .0053
where the a:% are unknown coefficients to be determined by regression. Note,
however, that the relationship between Ry and Ry 1s fixed and known, based
on the results of Section 6.3.2.

By definition, the population mjury rate R(MY,CY) for any given
model year and calendar year 1§

R(MY,CY) = Hy Ry + Hp Ry + (1-Hj-Hp)Rg
H1 (Rg*as) +Hp (Rg + ag - .0053) +(1-H1-H;)Rg

1t

Rop +a5 (Hy + Hp) - .0053 Hy
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Define a new dependent variable

R” = R + .0053 Hy
and a new variable

H = Hy +Hp = proportion of cars with head restraints
Note that the model

RI

Rp + ag H
oy
ap +a] A + ap A° +a3 CY74 + aq CY77 + ag H

1o well suited for fitting by regresston and expresses head restraints n a
single variable. Note, however, that the coefficient ag, by definition,
measures the effectiveness of adjustable restraints.

The regression is based on 22 data points: 1njury rates for model
years 1965-72 for Texas 72 and 74 and model years 1967-72 for Texas 77. Model
years 1965-66 are not available from Texas 77 because, on the automated file,
all cars from model years 1966 and earlier are coded as 66.

The regression equation which best fits the observed weighted data

points 1s

R’ = .0652 + .00285 A - .000155 AT + .003CY78 + .0123 CY77 - .00932 H

and the multiple correlation coefficient 1s .93 and df = 16. The negative
coefficient for H indicates that adjustable restraints reduce Injuries.
‘The effectiveness of adjustab1e restraints is measured by computing
Rg and Ry (see above) for the "average" car. The average car 1is 6.6 years
old, according to “MVMA Motor Vehicle Facts and Figures *81," and the mean values
of CY74 and CY77 are .37 and .14 respectively. N1thrthese average values
Rg = -0801

Ry = .0708

and the effectiveness of adjustable restraints 1s

£ =1 -R3/Ry = 11.6 percent
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The standard deviation of the regression coefficient for H 15
0463, The null hypolhesis that this coefficrent s zero can he Lesged hy
computing  t= -.00932/.00463 = -2.01. Since this quantity 1s within the
reject1on region (one-sided o= .05) of a t distribution with 16 df, the null
hypothesis 1s rejected. The effectiveness of adjustable restraints is
significantty greater than zero.

The preceding regression used an externally derived imputation
factor for the incremental effect of 1ntegral restraints. As a check that
this approaéh 1s not distorting the results, another regresstion can be
performed without this factor. Let R by the simple injury rate as defined at
the beginning of this Section and H, A, CY74 and CY77, as defined above, bhe
the independent variables. The regression model 1s

R = ag +a] A +a,R+ a3 CY74 + ag CY77 + ag H
but 1n this model, the coefficient ag measures the average effectiveness of
adjustablie and integral restraints, not the effectiveness of adjustable as 1in
the preceding model. This model can be expected to attribute the injury
reduct1on for model years 1970-72 to age effects rather than the shift from
adjustable to integral restraints and, as a result, predict a lower
effectiveness for restraints. The result of the regression was

R = .0628 + .00337A - .000169 A* + .0022CY74 + .0104 CY77 - .00896 H
and the multiple correlation coefficient was .94 and df = 16. Note that the
coefficient for A is larger than n the preceding regression {stronger age
effect for the newer cars).

The effectiveness of head restraints in Texas is measured by
setting A = 6.6, CY74 = .37, CY77 = .14 (see above) and H = 0 (pre—Standard

and 1 {post-Standard)
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063

5795 = 11.5 percent

E=1-

The crash-involved post-Standard vehicle fleet up through model year 1972 was
equipped with 75 percent adjustable restraints, 25 percent integral {weighted
average of data n Table 5-19). Integral restraints are approximately 7.3
percent more effective than adjustable restraints (see Section 6.3.2). Let g’
be the effectiveness of adjustable restraints that would be needed to produce

the £ = 11.5 percent predicted by the regression. Then

P of = .885 = .75 (1 =€) + .25 (.927)(1-¢")
-
t = 9.9 percent

In other words, this regression ﬁred1cts that the effectiveness of adjustable

restraints 1s 9.9 percent. As expected, the effectiveness 1s slightiy lower

than n the first regression, which took the shift to integral restraints nto

account .

The standard deviation of the regression coefficient of H in this
regression 1s .00453. 751nce t= -.00896/.00453 = -1.98 1s n the rejection
region of a t distribution w1th.16df, this regression also mndicates that the
effectiveness of restraints 1s significantly greater than zero,

Bs a further check on the results, the regression was rerun on

s1de 1mpact njury rates. The result was

Reide ~ .0747 + .00062 A + .000126 A* - .002 CY 74 + .0021 CY77 - .00266 H
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The equation measures the observed "effect” of head restrants on side wmpact
-1njur10§. When the average values of A, CY74 and CY7/ are entered, this
effect 1s
£ =1- 'f%‘i—;ﬁ 1.9 percent
The standard deviation of the coefficient for H 1s .00361. Since
t= -.00166/.00361 = -0.46-15 well within the acceptance region of a t

distribution with 16 df, we accept the null hypothesis that head restraints
had no effect on side impact njury rates. This 1s reassuring, for 1f the
regression had "shown" any substantial "effect" of head restraints on side
impacts 1t would have raised serious doubts about the validity oflth1s
technique for rear mpacts.

It 1s interesting to compare the coefficients for A and Az in the

s1de and rear mmpact regressions.

Coeff. for A Coeff. for A%
Rear wmpacts .00285 -.000155
Side wmpacts 00062 .000126

In rear mmpacts the escalation of injury rates w1th'1ncreas1ng age
1s strong when the cars are new and decreases as the cars get older. This is
intuitively reasonable, since drivers of older cars may well be less 5roﬁe to
report whiplash - 1.e., the underreport accidents and wnjuries. In side

impacts, the age effect gets stronger with increasing age - property-damage
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accidents of older cars are underreported, but not injuries. The aqe effect

in side and rear Impacts 1s about the same when

.00285 - 2 (.000155)A = .00062 + 2 (.000126) A

A =4 years

In other words, side mpacts make a relatively good control group for cars

close to 4 years old but are not a good control group 1f the cars are either

brand new or substantrally older than 4 years.

5.6.4 Rear and side wmpact wnjury rates in 1967-68 versus 1969-70

models
The discussion of the regression results {Section 5.6.3) ndicates
that side and rear wmpact injury rates are subject to roughly similar vehicle
age biases when the cars are, say 2-6 years old. In other words, side wmpact
njury rates make a good control group for rear impact Injury rates provided

that most of the cars are n this age range and there are no excessive biases

from safety devices other than head restraints which affect rear and s1de
mmpact injury visk. Model years 1967-70, to a large extent, satisfy both of
these requirements.

Table 5-29 shows that drivers of 1969-70 model cars involved in
rear mpacts were 15 percent less likely to be 1injured than drivers of 1967-68

model cars. It also shows that drivers of 1969-70 model cars involved in side

mpacts

194




were only 6 percent less Tikely to be mjured than dravers of 1967-68 wmodel
cars The relative excess of the rear mpact injury reduction over Lhe

reducti1on 1n sitde wpacks 15 9.5 percent.

TABLE 5-20

DRIVER INJURY RATES IN REAR AND SIDE IMPACTS
OF 1967-68 AND 1969-70 PASSENGER CARS,
TEXAS 1972, 74 and 77

Model Years 1967-68 Model Years 1969-70

REAR IMPACTS

N of drivers _ _ Ni1 = 35,479 Ni» = 46,580

n of injured drivers niy = 2758 ny> = 3072

injury rate P11 = 07774 P12 = .06595

SIDE IMPACTS

N of drivers Nop = 87,130 Ny» = 107,102

n of mnjured drivers npp = 7139 npp = 8228

mmjury rate Ppp = .08194 Pop = .07682

The 9.5 percent relative reduction slightly understates the
effectiveness of head restraints because some 1967-68 cars already had the
restraints while a few 1969-70 cars did not. Based on Table 5-19, the

distribution of restraints was

1967-68: 4% adjustable, 3.5% integral, 92.5% none

1969-70: 80.5% adjustable, 12% integral, 7.5% none
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Let £ be the actual effectiveness of adjustablerestraints and let
M= 1-t. Let tp be the ef fect iveness of integral seats relative to
adjustable restraints and 16t =1 -E£o. Let-
= (P /Pt sru) = A00E (te Tole $-20)
Note that |

LB0Gr + A2 e v GT5

- ,";'C‘!'g (Z—)

r= o4 - t eSS rer #5285

from Section 6.3.2, [ = .927
Thus, M= .896

In other words, the overall effectiveness of adjustable restraints is 10.4

Ercent .

For approximate confidence bounds on this effectiveness, we
express I~ as a statistic of M and :

L9285, — 075
r — e

= wT F.ze, —.04n - G35

The expression is obtained by solving formula {(2) for T,

Thanks to the generous sample sizes in Table 5-20. /1 can be

treated as an approximately normal variable with standard deviation

~ ('"P" + t-‘P”‘ + i—P'ZI " ['—Pa_‘x. )'/1 - DLC 8

ny LAY LA B .~ Naza

From Section 6.3.3, [y is independent of f;, and can be treated as

! approximately normal with standard deviation

52 = .0304
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As a result, I has standard deviation

L oA e, L 075) Fr (B 40200, - cyr, —. 055 ¢, 1)
2 et T S
S (.625 LR, L b (.‘i‘c& oL e - e, —~ ,b';'_',‘r-,r,_)‘
-2 cov (9256 ~ 275, .80 F20, ~ . 0¥ - .a.s.s:r-.rJ s
o 2SS L nats s . 035 Ve (nry) = 20056 )012) con
— — ‘ L4 % . - + . o¥ (r, - LY M3
= 4% 5808 - L0 # Hentoss)eer(r, nr)

F24

D CoN) s> & CN003s) covtr,, rny \ A

, 3242

Since {7 and I'; are approximately nommal with mean slightly
less than 1 and standard deviations that are small relative to the mean, it is
-~ A

reasonable and conservative to use covir,,fe} ¥ s*f and cv(n, na)= s F

~ W i x ¢ b
NS =, - c i ] {3 4+ . i * 3, b‘ . N - iz
> ke ( BOIESH ¥ LoooLrd w00k "LLET—',; "‘F,NL] * .0031'135) -

= .30 (wony7 + .cum(.aom-))"L

= .03i3

Although T is a ratio estimate, the small size of s relative to ©
suggeststhat the confidence bounds will be nearly symmetric. The lower

confidence bound for effectiveness of adjustable restraints

EX = | ""(t‘+ 645 _\.) = 5,3 ‘\g‘rcen‘
The upper confidence bound
E“ = | - (l‘-— I-HSS) = I§.¥ rtr:erd
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5.6.5 The overa]1_¢ffect1veness of hﬁﬂQ"KEEEEQlﬂEﬁ

The effectiveness estimates developed in Seclions 5.6.2 - 5.6.4 were for
adjustable restraints. They can be used to obtain estimates fyr the overall .
effectiveness of head restraints - the average effectiveness for the fleet of

adjustahle and 1ntegral restraint cars currently on the road - by noting that

o 38 percent of the cars mvolved 1n crashes have ntegral restraints

(based on NCSS data).

o The effectiveness £, of integral restraints relative to adjustable

restraints 1s 7.3 percent {see Section 6.3.2).

tet ¥2 =1 -% = .927. Llet€ he the effectiveness of adjustable

restraints and let =1 -€. Then €,, the overall effectiveness of restraints, 1s

E,= I-r, = (.62 + .38T) )
The comparison of 1969 and 1968 models (Section 5.6.2) and the
comparison with a side impact control group (Section 5.6.4) produced identical

effectiveness estimates of 10.4 percent for adjustable restraints - 1.e., = .896.

| From these estimates, the overall effectiveness of head restraints 1s

£ = 12.8 percent
[+
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The regvession on reav 1mpatt mjury rates (Section 5.6.3)
produced a slightly higher effectiveness estunate of 11.6 percent for

adjustable restraints - 1.e., v = .884. From this estimate,
€, = 14.1 percent

tonfidence bounds are obtained, as follows, using the estmmate

based on the comparison of 1968 and 1969 vehicles:

Recall that

B8 - L2
LOL 4 0Ty~ 06F, — .00

=

where I was the njury reduction for 1969 models re]at1ve to 1968 (refer to

Section 5.6.2); Also,

o~

rn o= .9193
Sy .= .0216 (the standard deviation of Ty)
Fal

L = .927
Sy =.0304 (the standard deviation of Tp)
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. i b "\’/\,2.
As 1n preceding sections, the approxmations coV (f,,:zrl):: .S,
and cov(f,, i )¥r s are used. Also

L
var (e )% RrR (2, SLL) = 004

* rl‘- t_"
LN

Thus

s

~
¢ —

. AW
,371.(.00:?6ﬁ t 0000295 + .000!é17)fi

= .0386

The small size of s, relative to f, suggests that the confidence bounds
will be nearlty symmetric. The lower confidence bound for overall effectiveness of

head restraints

" :
oL I - (ro+ Lbﬂisu) = 6.5 percent

The upper confidence bound 15

~/

Eou-‘: | —(re '—I"quso) = 19.1 percent

5.6.6 Summary of findings

Three techniques were used to estimate the injury-reducing effectiveness

of adjustable restraints and the overall effectiveness of head restraints

(fleet-weighted average for adjustable and integral restraints):

(1)

The pramary method was based on a direct comparison of rear mmpact injury rates

in 1968 and 1969 models. The results were

0 Adjustable restraints: 10 percent njury reduction {confidence
bounds 4 to 17) |
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o Head restraints overall: 13 percent anjury reduclion

(confidence bounds 7 Lo 19)

(2) Reqression on rear wmmpact njury rates by vehicle age and type of head
restraint equipped
o Adjustable: 12 percent injury reduction

o Overall: 14 percent 1njury reduction

(3) Reduction of rear wpact injury rates in 1969-70 versus 1967-68 model
cars, relative to analogous reduction 1n stde 1mpact njury rates
o Adjustable: 10 percent injury reduction

o Overall: 13 percent injury reduction
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CHAPTER 6
EFFECTIVENESS COMPARISONS OF

INTEGRAL AND ADJUSTABLE HEAD RESTRAINTS

From the start, there have been two distinct methods of complying with
Standard 20Z2: a separate, adjustable restraint attached to the seatback and a
fixed restraint which is usually an integral part of the se&t. ‘Integral
restraints received favorable attention in the early 1970's because they were
clearly less expensive (see Sections 4.5 and 7.2) and were felt to be more

effective than adjustable restraints. At that time there were no statistical

studies to corroborate the claim that they were significantly more effective.

Now, however, the National Crash Severity study and an analysis of
3 years of Texas data both supply the evidence that integral seats are
'significant1y.more effective than adjustable restraints. It is important to
compare the effectiveness of adjustable and integral restraints, because both
systems currently (1980-81) sell in large volumes and the cost differences are

substantial.

6.1 Earlier comparative studies

Researchers unanimously stated that integral seats were likely to
be more effective than adjustable restraints. The principal reason was that
*  Adjustable restraints are left in the “down" posjtion by about
75 percent of the occupants but integral seats are, so to

speak, always “up." {311, [32], [46], [54], [61].
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Other possible reasons suggested by some researchers were:

* [ntegral restraints provide a flat, homogeneous seatback
surface. Adjustable seats might be shaped in a way that gives
a "karate chop" to the neck [54] or causes the head and torso

to rebound from the seat at different velocities [62].

*  Some adjustable seats have potentially hazardous exposed metal

surfaces when they are in the "up" position [54}.

Severy, Brink and Baird ran two crash tests (10 and 40 mph) with
an adjustable driver's rgstraint and an integral right front seat, both
positioned at the same height [60]. On the 10 mph test, the dummy in the
integral seat had substantially less neck votation because it did not ramp
upwards in the seat. The authors concluded that integral seats help to
prevent ramping in some cases. This conc{usion is not to be found elsewhere in
the literature. On the 40 mph test, however, the dummy with the integral
restraint actually had s1ﬁght1y greater neck rotation than the other dummy.

So it appears that no firm conclusion can be drawn from these two tests about
whether integral seats are more effective than corvectly positioned adjustable

restraints.

A1l of the statistical studies were inconclusive because of small
sample sizes, generally, and because they were conducted before integral seats

were common on domestic cars.
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When B. 0'Neill analyzed insurance data, the cases of integral
vestraints were virtually confined to Volkswagens [54]. Their occupants had a
7 percent higher risk of whiplash than the other {i.e., adjustable restraint)
post-Standard cars. The difference is not statistically significant.
Moreover, as 0'Neill himself points out, the light weight and stiff rear

structure of Volkswagens may have presented a more severe rear impact crash

environment than other cars of the 1968-70 era. If so, this would create a

bias against integral restraints.

A.J. McLean analyzed data from a special study in i4 North
Carolina counties [46]. The occupants with integral seats had a 4 percent
lower rate of whiplash than those with adiustabliz restraints. Since there
were only 95 persons with integral seats, the observed difference is not

significant.

J.C. Fell's analysis of multidisciplinary accident investigations
included a sample of 57 persons occupying integral seats [31]. They had a 20
percent lower incidence of whiplash than occupants with adjustable restraints.

The ohserved difference is not statistically significant.

States and Balcerak reported that incidence of whiplash was lower
with integral seats than with adjustable restraints in their Rochester special
study [61]. The injury rates are not specified in [61], but with an overall
pbst—Standard sample of 210 and predominantly adjustable restraints, it is
reasonable to assume that the whiplash reduction for integral restraints is

not statistically significant.
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6.2 Analysis of National Crash Severity Study data

The Mational Crash Seéerity Study is the only probability sample
of rvear impacts which specifies, for each vehicle, the type of head
restraints. NCSS can be used 1n a straightforward manner to compare
occupants' injury risk with adjustable and integral restraints.

It was shown in Section 5.2 that the NCSS sample did not provide
statistically significant results on the overall effectiveness of head
restraints, primarily because the sample of pre-Standard cars was so smali
(see Table 5-4). NCSS does, on the other hand, contain a larger sample of
post-Standard cars and it is reasonably well balanced between adjustable and
integral seats. As a result, NCSS is large enough to show that integral
restraints are significantly more effective than adjustable ones. The
confidence bounds on the effectiveness, however, are wide compared to the
results based on Texas data {Section 6.3).

J.R. Stewart of the Highway Safety Research Ceqter performed
comparisons of adjustable and integral restraints based on NCSS that more or
less paralleled his analyses of pre vs. post-Standard cars [63]. These
comparisons were reworked in-house for the same reasons that are described in
detail in Sections 5.2.1 and 5.2.2. But Stewart's findings are shown
aiongside the in-house results in Table 6-3.

The remainder of Section 6.2 describes the in-house analyses.

The two alternative restraint designs are compared in terms of
three injury rates:

* Any kind of injury

*  Neck injury

* Injury resuiting in at least overnight hospitalization

These injury criteria are defined in Section 5.2.1.
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There are 788 (unweighted) NESS caseés of front outhoard occupants
of post-Standard cars involved in rear impacts, but they correspond to 4040
weighted cases. Table 6-1 shows the {weighted) NCSS injury rates for
adjustable and integral seats. Occupants with integral seats have lower rates
of overall injury (9%) and neck injury (15%) but a slightly higher risk of

hospitalization,

TABLE 6-1
INJURY RATES IN REAR IMPACTS OF
STANDARD 202 CARS, BY HEAD RESTRAINT TYPE,

DRIVERS AND RIGHT FRONT PASSENGERS, NCSS

Adjustablie Integral Observed Reduct ion
Restraints  Restraints for Integral Restraints
(%)
N of rear impacts {(weighted) 2663 1377
Percent of occupants injured 51.1 46.5 9
Percent with neck injury* 30.6 25.0 15
Percent hospitalized 2.6 2.7 _ -5

* Because of missing data, N is reduced to 2477 {adjustable)} and 1315

(integral).

There are substantial differences, however, between cars with
adjustahle and integral seats. Above all, integral seats are far more common
in small cars. To a lesser extent, integral seats are characteristic of

"sportier" cars - i.e., younger occupants and greater damage severities.

Small car size is a strong bias against integral seats: the large, deformable

rear structures of big cars protect against whiplash and minor injuries.
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figher damage severity also creates bias against inLegral seats, hut younger

occupants, in favor of them.

Thus, although integral and adjustable cars are about equally old
and there is no "age effect," a program of multidimensional contingency table
analysis is needed to identify and remove biases due to the differences in the

two groups of cars.

The modeling process for integral versuys adjustable restraints is
completely analogous to the one for pre versus post-Standard 202, HSRC's
preliminary screening indicated 3 variabies that might be significant
confounding factors based on their interactions with restraint typé and with
injury as well as on intuitive grounds: occupant age, vehicle weight and
damage severity. Since the ratio of males to females was nearly identical, in
NCSS, for adjustable and integral restraints, Occupant sex is not a

confounding factor. The 3 variables are dichotomized as follows:

* Age: less than 40, 40+
* Vehicle weight: up to 3000 pounds, more than 3000

* Damage extent zones [14]): 1-2, 3-9

The 5 way table of head restraint type, injury and the 3 controil
variables is analyzed. The 2 way interaction terms are of primary interest.
Higher order interaction terms are mostly ignored hecause the Chi-squares are

not that high and there are no intuitive bases for such interactions.
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If a control variable does not show significant 2 way Interactions
with head restfaint and with injury risk, it is eliminated from the model.
thereby simplifying the tables. The Confounding factors that remain at this

poeint are:

* overall injury reduction: vehicle weight, damage severity
* neck injury reduction: occupant age, vehicle weight, damage

* hospitalization reduction: damage severity

The models that were selected contained the interaction of head
restraint type and injury risk, plus all significant 2 way interactions. Only
those significant 3 and 4 way interactions which could be intuitively

Justified were included. The chosen models are shown in Tabie 6-2.

TABLE 6-2
MODELS SELECTED FOR ANALYSIS OF NCSS:
INTEGRAL VS. ADJUSTABLE RESTRAINTS

I = injury
H = head restraint type
A = occupant age
W = vehicle weight
D = vehicle damage
Injury Criterion Selected Model
Any injury IH, IWD, HW, HD
Neck injury IH, IAD, IW, HA, HW, HD, AW
Hospitalization IH, ID, HD
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Finally, the effectiveness of integral rvestraints relative to
adjustahle restraints is calculated using the cell entries predicted by the

model and the effectiveness formulas shown in Section 5.3.2.

Tahle 6-3 shows that integral restraints are signiiicantly more
effective than adjustable ones in preventing injury in general and neck injury
in particular. The modelg suggest that integral seats reduce overall injury
risk hy 20 percent and neck injury by 25 percent, relative to adjustable

restraints,

TABLE 6-3
EFFECTIVENESS OF INTEGRAL SEATS

RELATIVE TO ADJUSTABLE RESTRAINTS, NCSS

Type of Injury Effectiveness of Integral Confidence Bounds*(%) HSRC's

Relative to Adjustable Lower  Upper Effective-
{Reduction of T o ness
Injury Risk - %) Estimate
Any injury 20 5 33 22
Neck injury 25 2 43 21
Hospitalization 5 a2 44 N/A

*One-sided o= .05

Each of the estimates is 10-11 percent more favorable to integral
seats than the raw data were {Table 6-1), reflecting primarily the strong bias

of vehicle weight against integral seats.
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The wide confidence biunds in Table 6-3 suggest, however, that the
NCSS point estimates, although significant1y greater than'zero, cannol. be
considered precise. The confidehce bounds for. overall injury reduction using
Texas data are only 10 percent wide but in NCSS they are 28 pefcent wide.
Thus, the point estimates from Texas need to be given much more weight than
the NCSS point estimates, even thodgh'the latter are based on more detailed
data. The confidence bhounds for the estimates from the two files largely

overlap, indicating statisticallconsistency of the two results.

The confidence bounds in Table 6-3 are empirically derived by the

jackknife technique, as in Section 5.2.2 and in [40], pp. 187-193.

The model's point estimate of hospitalization reduction {5%) is of
no significance whatever, since the confidence bounds range from -42 to +44

percent .

The NCSS tabulations and analyses used to derive effectiveness and

its confidence bounds are documented in Appendix B.

The NCSS analyses support a conclusion that integral restraints
are more effective than adjustable ones, but the NCSS sample is too small to
indicate clearly how much more effective they are. The next section will

provide a reliable effectiveness estimate.

211




6.3 Analysis of 1972, 74 and 77 Texas accident daté

In 1972, 74 and 77, police agencies in Texas investigated a total
of 1,370,000 traffic accidents. The samples of rear impacts involving
integral and adjustable restrainls gleaned from these files afe large enough
to atlow statistically meaningful comparisons of the two systems.

Integral restraints were found to be significantly more effective
than adjustable restraints in eliminating injury. The injury reducing
effectiveness of integral restraints is 17 percent; for adjustable restraints

it is 10 percent.

6.3.1 Method

Injury rates are computed for integral and adjustable restraints
using multidimensional contingency table analysis. The procedure is éear1y
identical to one that was used for comparing head restraints to no restraints
in 1972 Texas data (Sections 5.3.1 and 5.3.2). .

The 1974 and 1977 Texas data files are nearly identicai in their
layout and data definitions to the 1972 file. A census of drivers of
passenger cars struck in the rear can be drawn from each file. (Section 5.3.1
explains why right-front passengers must be excluded from the study.)

Texas data do not specify the type of head restraints in the
vehicle. The assignment of cars to the integral or adjustable restraint class
is based on a NCSS look-up table of head restraint installation by make/model
and year. Make/model/year combinations in which 80 percent or more of the
NCSS case vehicles had integral restraints are assigned to the "integral"
class. Combinations for which 80 percent or more of the NCSS vehicles had

adjustable restraints are assigned to the "adjustable" class.
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Immediately excluded from the anaTyéis are those make/model/year combinat ions
for which

0 Mény or all of the cars were not equipped with any head restraints

0 Betwegn 20 and 80 percent of the cars had integral restraints.

0 There were not enough NCSS cases to permit a defensible estimate of the

percent of cars with integral restraints.

The above criteria result in an unbalanced file because the
overwhelming majority of intermediate and full-size cars are equipped with
adjustable restraints. There is not a single model in the larger size groups
that had primarily integral restraints from year to year. By contrast, there
are many compact and subcompact models that always have had adjustable
restraints.

Therefore, all intermediate and full-size cars have been exc Tuded
from the study except those models whicﬁ had 80 percent or more integral
restraints in some years and 80 percent or more adjustable in other years,

One of the_3 tapes containing 1977 Texas data could not be used
because it had apparently been damaged. As a result, about a third of the
cases for that year were lost.

These definitions result in a file of 38,963 passenger cars that
Qere struck in the rear: 21,205 of them are assigned to the "integral
restraint” class by the table look-up procedure; 17,758 are assigned to the
"adjustable restraint" class. In fact, the integral restraint class includes
make/model/year combinations with up to 20 percent adjustable restraints
(according to NCSS), so it does not consist purefy of integral restraint
vehicles. [If, however, the NCSS and Texas distributions of restraint types

are the same, nearly 96 percent of the cars assigned to this class actually do

have integral restraints. Similarly, nearly 97 percent of the cars assigned
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to the "adjustable restraint™ class actually do have adjustable vestraints. (The

look-up tables and file definitions wmay be found in Appendix AL)

The distribution of the accidents, by calendar year, is: 10,934 in 1972, 15,8388
in 1974 and 12,141 in 1977. Table 6-4 shows the observed driver injury rates for -

the two restraint systems.

TABLE 6-4

DRIVER INJURY RATES IN REAR IMPACTS
BY HEAD RESTRAINT TYPE, TEXAS 1972, 74 and 77

Obseirved Reduction
for Integral

Adjustable Integral Restraints
Restraints Restraints (%)
N of rear impacts 17,758 21,205
Percent of drivers injured 7.85 7.32 6.8
Percent of drivers with K, A or
B injury 1.54 1.56 -1
Percent of drivers with K or A
injury (.30 0.26 15

The observed differences between-the two systems'iniihe K+A+B and
K+A injury rates do not even come close to statistical significance, because of
the rarity of these injuries in rear impacts. The available sample size would
need Lo be many times larger for meaningful results. No further analyses are
carried out for these rates,.

The observed difference of 6.8 percent in the overall injury rates,
on the other hand, is significant. The injury rates are suitable for more

detailed statistical analyses.
The observed difference of the injury rates may be due, to some

extent, to differences in the characteristics of the accidents involving
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inLngraT and adjustable reslraint cars (confounding factors). Multidimensional
contingency tahble analysis, which was one of the techniques usgd with the 1972
Texas data to remove factors confoundihg pre-Standard 202 and post-Standard 202
injury rates {see Section 5.3.2) can also be used here.

There is an important reason, however, why multidimensional
contingency table analysis should work better here than it did with those data:
there is no "age effect” here. Integral and adjustable restraint cars were
simultaneously produced during 1969-77 and, on the average, are the same age.

(By contrast, the pre-Standard 202 cars are distinctly older than the

post-Standard cars.) Thus, age—related_reporting differences - a bias that cannot |
be corrected by mu]tidimensional cont ingency table gna]ysis - should.nqt appear |
here.

Another important confounding factor that no tonger applies is
vehicle size. All intermediate and fuli-size cars have been removed from the
data file except those few que]s in which both types of restraints were
installed in large numbers. Thus, the integral and adjustable restraint cars
that remain on the file are, on the average, the same size.

Three control variables that were used in the earlier analysis are
also suitable here:

1. TAD extent of damage_[ﬁﬁ]: ‘The integral restraint cars are
involved in accidents of somewhat greater severity, on the average. This is a bias
againts integral restraints.

2. .Driver age: The drivers of integral restraint cars are somewhat
'younger. This is a bias in favor of integral restraints.

3. Driver sex: The drivers of integral restraint cars are more often

males than the drivers of adjustable restraint cars. This is a bias in favor of

integral restraints.
A fourth control variable, not applicable in the ecarlier analysis,

15 clearly required here:
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4. Accident year: Adjustable restraints were relabively most
abundant in 1972, when reported injury rates were lower than in 1974 and 1977
(reason unknown - possibly a change of reporting requirements). This is a bias
against inteqral restraints.

When these 4 control variables aré added to the dependent and
independent variables (injury and restraint type), the BMDP3F contingency table
analysis program has as many dimensions as it can effectively handle. The
printouts of the BMDP3F analyses may be found in Appendix A.

i

6.3.7 Results - integral versus adjustable restraints

The six variables for the analysis are categorized as follows:

I

injury (any injury; no injury)

H = head restraint class (adjustable; integral)
T = TAD severity (1:; 2; 3; 4-7)

A = Age (up to 24; 25-39; 4Q+)

S = Sex (male; female)

Y = Year of accident (1972; 1974; 1977)

The initial analysis of the 6 way table shows that none of the 4, 5 or 6 way
interaction terms is significant. Various models comprising 2 and 3 way terms

are tested. The model that adequately fits the data (p> .05} while maximizing

degrees of freedom 1is

IH, HAS, ASY, ITS, ITY, TAY, HAY, IA, HT
(df = 206, Chi-Square = 216.4, p = .30)

The effectiveness of integral restraints relative to adjustable restraints (using

the same formulas as in Section 5.3.2) is derived as follows:
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Let hh‘ﬁh53 be the cell entries of the 6 way table predicted

by the above model. Then

SRDIDID I TR R

A=t S ye!

is a prediction of the number of rear impact injuries that would have occurred if
all of the cars on the file had belonged to the adjustable restraint class.

Similarly, " 3 3

DA
rt ws) : '

t=1 a1 s= 9=

is a prediction of the number of injuries that would have occurred if all of the

cars had belonged to the integral restraint class. The effectiveness of the

integral restraint class relative to the adjustable restraint class fis

No-Na 3066 — 2851

= - = 6.8%
Nu 3060

In other words, the model predicts that if all cars belonged to the integral
restraint class there would be 6.8 percent fewer driver injuries in rear impacts
than if all cars belonged to the adjustable restraint class.

The effectiveness predicted by the model (6.8%) is identical to the
injury reduction observed in the raw data. The lack of thange is.not surprising
because two of the control variables (age, sex) are biased in favor of integral
restraints while the other two {TAD, accident year) are biased against them. In
this analysis there is no "age effect” so there is no reason to suspect strong

net bias in one direction.
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Fmpirical confidence bounds for effectiveness are obtained by
decomposing the file into 10 systematic random subsamples (as'{n Section 5.3.2).
The same model that was applied Lo the entire file is applied to each subfile and
the predicted injury totals N11(i) and Nyp(i) are calculated for each subfile by
the same formulas that were used to derive Nyp and Npjp for the whole file. Table

6-5 shows the predicted injuries for each subfile:

TABLE 6-5
NUMBERS OF INJURIES PREDICTED BY

THE MODEL, BY SUBFILE AND RESTRAINT CLASS

Subfile Number Predicted Number of Injuries
(A11 Cases with Case ID ~ If ATl Cars in Adjustable If A1l Cars in Integral

i Ending in 1) Restraint Class - Restréint Class
I Ny (P Nl

1 293.83 . 284.97
: ? 282.72 292.47
é 3 _ 324 .54 278.08
| 4 337.61 ' 273.96

5 329.95 294.92

G} 297.11 277.09

7 296.43 262 .52

8 32743 281.85

9 270.51 . 278.09

0 299.26 324.08
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Since there are 10 subfiles, the predicted number of injuries in
each subfile (Nyj (i) ,and'le(“ ) should be approximately one-tenth
of the predictions for the whole file (-Nll and Nyp). In fact, the
variation from subfile to subfile is used to calculate the sampling error for

the whole-file effectiveness estimate {See [40], pp. 171-193 and 204-205)

Let X = N, = 3060.39
120
2 )
+ ]
y = E Ny, = 2848.03
i=0
.4 % S Y
i Gr*_ ¢
S, = (E," [."’% NS- X J) = 70.49

o, ,
A Nt vk r
S, = (-q [io E‘ R j) — 52.46

A lower confidence bound (one-sided &« = .05)

for effectiveness E is obtained by solving

vy - 0¥
-1.833 = ,
(531 + (05;&) -
E,=1-9

(where -1.833 is the 5th percentile of a distribution with 9df). In other
words, the lower confidence bound for effectiveness of the integral restraint
class relative to the adjustible class is 1.7 percent.

The upper confidence bound for effectiveness is obtained by

solving y 9)(
+1.833 = __ .~
(5.) "(Gsr) ) -
EU =1 - e
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In other words, the upper confidence bound is 11.8 percent.

The null hypothesis that the integral and adjustable classes have

the same injury rate can be tested by comput ing

Since -2.42 is in the critical region (& = .05) of a t distribution with 9 df,
the null hypothesis is rejected. The injury rate in the integral restraint

class is significantly lower than in the adjustable class.

The difference between the integral and adjustable restraint
class understates the actual effectiveness of integral restraints. This is
because the Texas data did not allow a complete segregation of integral and
adjustable restraint cars but used a look-up table by make, model and year to
assign the vehicles to classes. As a result, 3.06 percent of the cars
assigned to the adjustable class actually had integral restraints and 4.05
percent of the cars in the integral class had adjustable restraints. The
injury rate for the adjustable class slightly understates the true rate for
adjustable restraints. Conversely, the integral class rate overstates the
rate for integral restraints. The effectiveness E computed by the model for
the class rates can be corrected to obtain the true effectiveness £/ of

integral restraints versus adjustable restraints:

JoH05 a5 (1-E7)
9694+ L0306 (i-E7)

= 1-E = .932

Thus 24 , the effectiveness of integral restraints, is 7.3
percent (which is 0.5 percent higher than the E computed by the model).
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Similarly, the lower confidence bound E{ for true integral

restraint effectiveness is obtained by soiving

.0405 + .9595 (1-Ep ) _

s , —Ei = -(}gj
SikG4 o+ L0306 (1 -E))

El = .97

’
The upper confidence bound E, is obtained by so]ving

0805 + 9595 (1-E)) - E. = 992
1694+ oseC (1-gfy 0 °

E:::: 2.7 7Z

6.3.3 Results - integral versus no restraints _ |

At this point it becomes possible to calculate the effectiveness
of integral restraints relative to cars with no head restraints and to place
approximate confidence bounds on this effectiveness.

Let £ be the effectiveness of integral restraints relative to no
restraints and let R = 1-E.

As in preceding section, let E’¥ 7.3% be the effectiveness of
integral restraints relative to adjustable restraints. Nbﬁ define rp = 1 - £

= ,927.

In Sectiqn 5.6.2, we obtained our best estimate of the
effectiveness of adjustable restraints relative to no restraints. It was 10.4

percent. Let r =1 - .104 = .896.

The effectiveness of integral restraints relative to no

restraints is the combined reduction of integral relative to adjustable and

adjustable relative to no restraints:

E=1-R=1T-ror =1 - (.927)(.896) =1 - .83l = 16.9_percent
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In order to derive confidence bounds for the effectiveness, it is
necessary to recall how the effectiveness of adjustable restraints was
measured in Section 5.6.2. The approach was to compare the injury rates in

1969 and 1968 model cars. Let

_ injury rate i 1969 mudels
iﬂJurj e an 1968 mwlel:,

The 1969 models were equipped with 81 percent adjustable restraints, 7 percent
integral restraints and 12 percent no head restraints. The 1968 models had 6

percent adjustabie, 6 percent integral, 88 percent no restraints. Therefore

C.8le +.O7R + .02
06r + LO06R + 8¢

"

Since R = rrp, r = R/ry. Thus

BIR/m + 07R ¢ 2
LOR/m + L0BR + .88

When this equation is solved for R, we obtain

_ -%%r,rg_ - ,l). !‘,_
0%[ + -07 r-?'. - toérl [— .06 l'.‘;_

In Section 5.6.2, it was shown that ri is approximately normal with mean and

standard deviation:

= 9193
51 = .0316
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In Section 6.3.2, it was shown that rp was close to a ratio of
two } distributions Y and X, each of which had 9 df. (Recall that Y was the
expected number of injuries with integral restraints, X with adjustable

restraints). From Section 6.3.2,

Fal

Y = 2848
Sy = 52.46
~

X = 3060
S, = 70.49

Since X and Y have very small coefficients of variation, it is
not unreasonable to treat rp as a normal variate with mean and standard

deviation

.927

o1
i

1.953 e (
S = T 1

S?. S}. l,':-
e O
o T .0304
where 1.833 is the 95th percentile of t (df = 9) and 1.645 is the 95th
percentile of the unit normal distribution.

Thus R can be treated as a statistic of two independently derived
normal variates, each of which has been a mean close to 1 and 2 standard

deviation that is small relative to the mean.
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The standard deviation S of the effectiveness € of integral

restraints relative to no restraints is approximately

S = (var ¢)h = [Var(1-R)]™ = (var R)

7
——
e

~ Ver (.%% - -”—"..) + v;;kr (,8\ + 07T - al)ét'. - .0er r“z.)
(.ggrlr‘_"-,‘lr,_\!_ (,%l t aD?i"L - 0CF - 06 rir;_)z—

. ‘ i/L
cov (-%?: rry, =2 Bl .07, — .06 ".OGV‘.Q)
(.\%r;r]‘; ,!2.rz) (.g‘ + '()7'-'3._-0(' r, -—-.Oﬁr‘rz_)

4o Vo (nr ) 4 278 = 2HR) welnn, i)
3857

= 3

LOThs 4 .0678 & .06 U{u(r.rl) + 20008 enlry, nr)- l("d‘;)(‘%)“"('%'?ﬂ)

+.

©, 94907
. _ iy
+ (88)(.06 ) cov (e, mn) # (88)(00) W (eor) = |2l-o6) ¢ -39€-°7n cov(f rx,&> $ ().e)st
L2336
Note that
var ( nr) = ?.*Fll(_::_"_,_: . _%___L) = 00164
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T

~ 0 .- . oo . .
Also, assume cov(ri,rp}="r,S, and cev(r, R R)EN ST which is
approximately correct when ry,r, are independent, normal, with means close

to 1 anﬁ small standard deviations. Theh

i
n/.831 {.002862 + .0000245 + .0003553) e

%]
[}

1}

.0473

The small size of S relative to R suggests that the confidence

bounds will be approximately symmetric. The lower confidence bound for the

effectiveness of integral restraints relative to no restraints is

E

S 1 - (R + 1.645 S} = 9.1 percent

The upper confidence bound is

€,=1- (R - 1.6458) = 24.7 percent

6.3.4 . Summarz
Drivers of cars with integral restraints were found to have a 7.3

percent lower injury risk than drivers of cars with adjustable restraints in

comparable rear impact crashes. The injury reduction for adjustable restraints

relative to pre-Standard cars is 10.4 percent. This means that integral
restraints reduce injury risk by 17 percent relative to pre-Standard cars.

Table 6-6 shows the confidence bounds for these effectiveness

estimates,
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TABLE 6-6

EFFECTIVENESS OF INTEGRAL AND ADJUSTABLE RESTRAINTS

FOR DRIVERS IN REAR IMPACT CRASHES, TEXAS 1972, 74 AND 77

Effectiveness Confidence Bounds*
for Effectiveness

(Injury Risk

Reduction) Lower Upper
% % %
Integral versus no restraint 17 9 25
Adjustable versus no restraint 10 4 17
Integral versus adjustable 7 2 12

*One-sided .= .05
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CHAPTER 7

THE ACTUAL COSTS AND BENEFETS OF HEAD RESTRAINTS

One of the goals of this evaluation is to estimate the actual cost
and actual benefits of head restraints in a manner that allows a fair and
meaningful comparison of costs and benefits.

7.1 Object ives |

The benefits of head restraints are the injuries that will be
prevénted annually in highway accidents when all cars are eguipped with the
types of restraints which were actually installed and used in cars that were on
the road in the late 1970's. Many of these restraints, in fact, exceed the
minimum height requirements of Standard 202; the above definition includes the
"extra" benefits from these restraints. It excludes the "potential" benefits
that are "lost" when adjustable restraints are mispositioned hy occupants.

By the same logic, costs of head restraints are the average annual
costs of the restraints which were actually installed in cars that were on the
road during the late 1970's, i.e., in cars that were sold up to the late
1970's. Here, too, we will not differentiate what portion of the cost went for
meeting the minimum requirements of Standard 202 and what portion is due to the
manufacturer's efforts to provide additional safety, comfort, or improved
appearance. In particular, the mix of adjustable and integral restraints that
prevailed in cars on the road in the late 1970's is the one that is used for
cafcu]ating overall cost,

The chapter also calculates fhe costs and benefit of an all-integral
restraint fleet and an a]]—adjustab]e fleet. It also contains separate
calculations for drivers and right-front passengers.

A1l costs are estimated in 1981 dollars. It should be noted,
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though, that the data sources for this evalualion came from various years:
1979 - NASS estimates on the number of injuries in rear impacts

(the "base" year)

1981 cost factors

1978 - NCSS data on the mix of adjustable and integral restraints
1972, 74 and 77 - Texas estimates of effecliveness

1969 - Restraint hardware which was cost-dnalyzed

Since restraint hardware has changed relatively Tittle over the

years, it is believed that the biases due to using data from past years are

small.
7.2 The cost of head restraints
7.2.1 Procedure for estimating costs

The "cost of head restraints® is defined as the net increase, due to
the restraints, in the 1ifetime cost of owniné and operating an automobile.
There are two principal sources of increased cost: (1) The consumer price
increase due to the addition of head restraints. (2) The lifetime increase in
fuel consumpt ion resulting from the incremental weight of head restraints.

A procedure has been developed for estimating the cost and weight of
equipment changes in response to NHTSA standards [47]. It was used for
estimating the cost of Standard 202 [36]. The procedure is based on component
cost estimating technidues that are widely used in the automotive industry. It
is illustrated in Figure 7-1.

The vehicle systems relevant to a standard are acquired, torn down

and examined for a representative sample of post-standard cars and for corresponding
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pre-standard cars. in the case of Standard 202, the only measurable change in
the vehicles was the addition of head restraints. Seat reinforcements in pre
and post-standard cars were compared and found to be similar. Moreover, since
the rastraints were essentially "add-on® equipment that had no counterpart in
pre-Standard cars, no further detailed teardown of the pre-Standard cars was
needed.

The weights, materials, processing and finishing of individual
components and the assembly method are established. The type, rough weight and
finished weight of material is determined for each detail part, as well as the
processing and assembly labor required, the scrap rate, machines and tooling
utilized, the production guantity and the amortization period.

Thesce data are first used to calculate the total weight and variable
cost of each head restréiht in the study sample. As Figure 7-1 shows, the
variable cost includes direct material, direct Tabor and variable burden (see
[36], pp. 4-5). Next, the tooling cost per car is determined by dividing the
total expense for special tooling by the volume produced during the amortization
period ([36], p. 8). The dealer's wholesale cost is determined by adding, to
the above, the manufacturer's fixed costs per car (including indirect material
and labor and fixed burden, as defined in [36], p. 7); other corporate costs
such as engineering, selling and administration; and the manufacturer's profit
(p. 8). The percentage amount of manufacturer's markups is determined by taking
the corporate average, in recent yearg,_for wholesale price relatiye to variable
cost plus tooling (see [36], p. 6). Finally, dealer markups for expenses and
profits are added to the wholesa1e price to obtain the consumer price. The \
percentage amount of dealer's markup is based on the overall average raﬁio of -
retail to wholesale price for the particular make and model under consideration

(see [36], p. 9 and [47], pp. 9-11).
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The study sampie consisted of adjustah1e'restraints from 11
different 1969 cars, réﬁresenting all 4 domestic manufacturers and ﬁhe 3
types of front seats: bench, split bench, and bucket. The cost and weight
of the adjustable system includes the head restraint itself and its
attachment to the seatback. A sales weighted average was used to determine the
overall cost and weight, per car, of adjustable restraints. Figure 7-2 shows
the cost and weight for each car in the study sample. |

The sample contained a single 1969 car with integral restraints.

It was a bucket-seat car and the restraint was the truly integral type --
i.e., a seathback tall enough to meet the height reguirements of Standard 202
by itself (see Section 4.3). The cost and weight of this system consisted
§n1y of the additional material and lahor necessary to provide the increase
in seatback height, relative to a corresponding 1968 model.

The study sample did nol contain any examples of integral restraints
built into bench seats or of."see through" fixed restraints. Neither of these
-types were featured on domestic vehicles in 1969, the year of the study sample.
They have also been relatively uncommon in subsequent years and their omission
from the study should hardly bias the estimate of average cost for vehicles
currently on the road -- the quantity which is sought in this evaluation. On
the other hand, both of these types might become more popqlar if the proportion
of cars with integral restraints were ever to increase substantially. For this
reason, the Agency intends to estimate their cost during 1982.

The costs in [36] are expressed in 1979 dollars. They have been
inflated to 1981 dollars in this report by the use of the Consuﬁer Price
Index for automobiles and parts. This index was 171.9 in 1979 and 202.8 in

"mid 1981. Thus, the costs are inflated by 202.8/171.9 (or approximately 18

percent) .
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7.2.2 Average and total cost -

The average incremental price and weight per car of adjustable and
integral restraints were found to be the following [36].

o Adjustable: $24.33 and 10.47 pounds {in 1981 dollars)

o Integral: $6.65 and 3.76 pounds

Adjustable restraints are about twice as bulky as integral
restraints and rvequire nearly 10 times aé much Tlabor to produce [36]. An
integral seatback, in most cases, 1s nothing more than a tall version of a
pre-standard seatback. The incremental cost is primarily in the additional
layer of material and the incremental labor is negligible. Adjustable
restraints, on the other hand, require the fabrication of a separate bulky
pad and the installation of metal sockets within the seatback to hold the
sliding shaft. The movable metal parts need to be durable and designed to
close tolerances. The restraint's bulk is increased hecause it contains
extra padding to prevent occupants from conta;ting the exposed shaft when
the restraint is "“up". _Furthermore, adjustable restraints are especially
common on bench seat cars, where.Standard 202 requires a wider - i.e.,
bulkier - restraint than on bucket seats {see Section 4.2).

Each incremental pound of weight added to a car results in the
consumpt ion of an average of 1.1 additional gallons of fuel over the
tifetime of the car [17]. The average mid-1981 price of fuel was $1.37 per
gallon. Thus, each incremental pound of weight adds $1.51 (in 1981 dollars)

to the lifetime consumer cost of operating a car.
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" In other words, the average lifetime consumer cost, per car, of

adjustable and integral head restraints is

o Adjustable: $40.14, lifetime per car

o Integral: $12.33, lifetime per car

Secondary vehicle weight increases are sometimes needed to
compensate for the weight added Lo certain parts of a car hy a safety device.
No secondary weight has been assumed for head restraints because their
incremental weight appears to be too small (4 - 10 pounds) to require

redesign of other vehicle systems. In particular, the cost analysis showed

that not even the seats {to which the head restraints were attached) were
reinforced or enltarged. It would seem unlikely, then, that subsystems remote

from the head restraints were enlarged.

The calendar year sales of passenger cars in the United States
during 1969-78 and the percentages and numbers with integral restraints are
shown in Table 7-1. The percentages by model year were derived from NCSS in
Section 4.5. The percentage for calendar year N is derived by the formula

CYN = .75 MYy + .25 MYN.}:]‘

(For calendar year 1978, the percentage for model year 1978 was used.)
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TABLE 7-1

PASSENGER CAR SALES BY YEAR AND PERCENT OF CARS
WITH INTEGRAL RESTRAINTS, UNITED STATES, 1969-78

Percent with Number with
Calendar Year Salesl Integral Restraints3 Integral Restraints

1969 9,441,0002 11 1,039,000
1970 8,397,000 20 1,679,000
1971 10,234,000 30 3,070,000
1972 10,935,000 34 3,718,000
1973 11,427,000 34 3,885,000
1974 8,851,000 34 3,009,000
1975 8,628,000 37 3,192,000
1976 10,100,000 - 31 3,131,000
1977 11,179,000 28 3,130,000
1978 11,304,000 - = - 22 2,487,000

10 YEAR TOTAL 100,496,000 28,340,000

1 Based on “"Automotive News 1980 Market Fata Book,® [8], except 1969
Based on 1970 Ward's Almanac [67].
3 Derived from NCSS
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Tahle 7-1 shows that just over 28 percent of the cars snld during 1969-78 had
integral restraints. Since almost exactly 10 million cars were sold per year,
the annual average cost of head restraints was:

Annual cost = 10,000,000 x (.28 x $12.33 + .72 x $40.14)

o Annual average cost of head restraints: 3$324 million (1981 dollars)
If all cars were equipped with integral restraints, the cost would be

o Annual cost for 100% integral restraints: 3123 million
For adjustable restraints, it would be

o Annual cost for 100% adjustable restraints: $401 million

The estimate of $32 per car derived for this evaluation is comparable
to the cost estimate of $19 per car (in 1974 dollars) contained in the General
Accounting Office's report-on the "Cffectiveness, Benefits and Costs of Federal
Safety Standards for Protection of Passenger Car Occupants" [18]. Their estimate
was based on an average of quotations supplied by the vehicle manufacturers.
Based on the Consumer Price Index for automohiles and parts, vehicle
manufacturing costs escalated by about 70 percent from 1974 to 1981. Thus, $19
in 1974 dollars corresponds to $32 in 1981 dollars. The GAO's figure, however,
excludes lifetime fuel costs but includes the cost of compliance with Standard
207 - Seating Systems. Since the Agency estimates that the compliance cost for
Standard 207 is $8 [36] and the lifetime fuel cost for head restraints is $13
(weighted average of adjustable and 1htegra1), the GAO's estimate based on
manufacturers' quotes translates to $37. In other words, it is about $5 higher

than the Agency's estimate.
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7.3 The benefits of head restraints

The actual benefits of head restrainls are defined Lo be Lhe casualities
thaf will be pfeﬁented annually, by the types of restraints curreﬁt]y on the road,
when all passenger cars are equipped‘with them {see Section 7.1)

The casualties prevented by head festraints'are nonfatal injuries - viz.,
whiplash. Based on the FARS analysis (Seétion 5.4), the long-term fatality trends
{Section 5.5), consideration of head restraint designs (Section 4.3) and case
histories of rear impact fatalities (Section 3.3.4), it is not rgasonable to claim
that head.restraints significantly affect fatalities. There is also little evidence
that head restraints had a substantial effect on life-threatening injuries: neither
the reductions of hospitalizing injuries {Section 5.2.2) nor K + A injuries (5.3.3)
were statistically significant and'the reductions that were observed were probabiy.
due to the effects of other safety improvemeqts on injury mechanisms besides
whiplash.

Thus, the benefits of head restraints are expressed by a single numher:
the number of nonfatal {mostly minor) injuries prevented,

The bhenefits B egual the numbhor of injuries N that would have occurred
in 1979 if no cars were equipped with head restraints, multiplied by the overall
injury-reducing effecfiveness of head restraints.

B=Neg

A best estimate of benefits and its confidence bounds will now be derived.
From Section 3.1.2, based on NASS data,
N = 501,763 |
injuries would have occurred in 1979 if no cars Had been equipped with head

vestraints. From Section 5.6.5 based on 1972, 74 and 77 Texas data,

€ = i1..877
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ic the overall effectiveness of head vestraints. Thus,

AT A
Benefits = B = Ng = 64,226 injuries prevented annually if all

cars had head restraints.

For confidence bounds on this estimate, recall that in Section
3.1.7 the standard deviation of N was

Sy = 73,914

and in Section 5.6.5 the standard deviation of &  was
S. = 3.86
£
The benefits B are the product of N and . Normal approximations
will be used in deriving the confidence bounds for B. But in Section 3.1.2,

N was, for all practical purposes, derived from a t distvibution with 9 df.

If N is to be treated as a normal variate, it 1is prudent to inflate Sy

prior to using it in calculations -- i.e., use
v 1,833 .
= S =
SN s °N 32,361

where 1.833 is the 95th percentile of t {df = 9) and 1.645 is the 95th
percent ile of the unit normal distribution.

Thus, it is possible to treat N and € as normal variates with
meansJN and T and standard deviations Sﬁ'and S¢ - Strictly speaking, N
and & are not independent: the deviation of N in Section 3.1.2 used NASS
data to determine the curvent number of injuries X and then inflated X by
147 + .853/(1- € ) to compensate for injuries already eliminated by
head restraints. Recall, however, that 95 percent of the variance in N

derived from X and 5 percent from the inflation factor involving E.
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As a result, N and € are nearly uncorrelated and can be treated as

independent normal Qariah1es. Thus
Sk Y E[(s:/ﬁ)" f-(si’/’&")l-]iﬂ.
= 64,226 [.0269 + .0909]"
= 22,044

is the standard deviation of B. |
Even though the benefits are hased on a product of two positive
numbers, the confidence bounds will be nearly symmetric hecause the relative

variance of € (.0909) dominates the relative variance of N (.0269)

A lower confidence bound {one-sided o& =.05) for the overal)

annual benefits of head restraints is given by

~ D -
Bt =R ~— i.Gts 53: 27,963 injuries prevented
The upper bound tis
.
Bu\ = B + Lt4s 56 = 100,489 injuries prevented

For integral restraints relative to no restraints, the

effect iveness

A
E.I = 16.9%
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with standard deviation

S;p = 4.73

{see section 6.3.3).

1f all cars were equipped with integral restraints, there would be

~~ ~~
BI:—- N /E\I= 84,798 injuries prevented annually.

Since the standard deviation of this estimate

Z R GO/ + (g /ey ] = su s [eaea v 0253

1%
Sg;: BI ] -

= 27,504

the lower bound for the benefits of a fieet of 100 percent integral restraints

is
By = By~ 1645 3g;

= 39,553 injuries prevented annually

and the upper bound is
B = €r+ 1645 S, = 130,043 injuries prevented annually

Simitarly, for adjustable restraints, the effectiveness is

Fal

€, = 10.4%

with standard deviation
Sa = 3.89

(see Section 5.6.2).
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If all cars were equipped with adjustable restraints {with their current mix

of properly positioned and mispositioned restraints) there would be

~ oA AN i
E%A = N €k= 52,183 injuries prevented annuaily.
Since the- standard deviation of this estimate
PN LA ; N .
Spa = gA[(5~ SR Ca /8 )7 1 = 52,083 [Lowq « Lizaa "™

= 21,312

the lower bound'for benefits of a fleet of 100 percent adjustabie restraints is

8 4 17,124 injuries prevented annually

LA
and the upper bound is

BU_A d:,_87,242 injuries prevented annually

The benefits of head restraints may be further classified by seat
position. There is no evidence from NCSS or other files to indicate that
drivers and right front passengers differ in regard to rear impact injury
proneness or head restraint effectiveness (see pp. 3-9 - 3-13 of [63]).
Therefore it can be assumed that the benefits for drivers and right front
passengers are in the same proportion as the number of crash involved
occupants in the two positions. On the full NCSS passenger car file, 74.6

percent of the front outboard occupants were drivers and 25.4 percent sat in

the right front seat {[59], p. 54).

Thus, the overall benefits for drivers are

~
B drivers = .746 @ = 47,913 injuries prevented annually and for

the right front passengers they are

N A
Bgp = -254 B = 16,313 injuries prevented annually
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The same proportions are applied to the confidence bounds HL and B, Lo
obtain interval estimates for each seat position as well as estimates, hy
seat position, for an all-integral or all-adjustable restraint fleet.

Table 7-2 gives a full classification of benefits - best estimate

and confidence hounds - by restraint type and seat positions.

Another statistic of interest is the benefit of replacing the
post-standard passenger car fleet with the current mix of integral, properly
positioned and mispositioned adjustable restraints by another fleet of
exclusively integral restraints. For a best estimate of these benefits,
merely take the difference of the best estimates of overall benefits

(current mix) and benefits of 100% integral restraints.

" ~ A A
Benefits PJI-" B ‘-'-N(QT,“ ?.): 84,798 - 64,226

20,572 additional injuries prevented

For an confidence bounds, note that on]& the 62 percent of crash
involved vehicles cqrrently equipped with adjustable restraints wod]d be
affected (see Section 6.3.3). Let

Fa ~
Np = .62N = 311,093

s, /
SNA = .625N = 51,064 .

These vehicles are already receiving the benefits of adjustable restraints.

Thus, Ng is already diminished by 1 - EA . If E is the effectiveness
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of integral restraints relative to adjustable‘resfraints then
‘ N ~ ”~
Benefits = Ny ( t— €5 ) E

Thus, benefits can be treated as the product of three more or less

uncorrelated, normal variates., From Section 6.3.3,

~ '
E = 7.3% (effectiveness of integral relative to adjustable)

S{ = 3.04 (inflated to treat E as normal)
Therefore
Swa \ % S L S\ —
~ . NA A 5 i
S = efits ( ) + (L-—:r‘) + E :] x
hendity = Bonel L Na I- U8

ta

s 5,0¢4 \ 2 3.839 \& 204 \2 ¢
~ 2057 (-—-—-_~) £
L [. 3, 09y ¥ 24.¢ * 7.3 :

= 20,572 [ .ou61 + Lo01% + 413 ]%

= 925/

Since the relative variance of the third term in the product {.1734) greatly
dominates the other two terms, the product of the three variables is close
to & normal distribution. As a-resu]t,lin this case, 1.645 standard

deviations on either side provide fairly realistic confidence bounds.
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A lower confidence bound for Lhe incremental benefits of changing to an

all-integral fleet is given by

Benefits - 1.645 s 5,354 additional injuries prevented.

Bonebils _

The upper bound is

Benefits + 1.645% 35,790 additional injuries prevented

Benebilbs

7.4 Cost~effectjveness

The cost-effectiveness of head restraints is expressed in this

evaluation as the number of injuries ¢1im1nated per million dollars of cost.
Since, overall, head restraints eliminalte an estimated 64,226 injuries per

year {when all cars comply - see Section 7.3) and cost $324 million per year (see
Section 7.2}, the cost-effectiveness is

(64.115//31?) = 200 injuries eliminated per million dollars

The confidence bounds for henefits (sec Section 7.3 - one-sided
oL = .05) were 27,963-100,489 injuries prevented annually. Thus, a lower

confidence bound for cost-effectiveness is

(u,_vm‘s /31.q)

90 injuries eliminated per million dollars

The upper bound is

(lDD,#%fl/‘rL%\) 310 injuries eliminated per million dollars

In the two preceding sections, costs and benefits were also

calculated for a hypothetical fleet of 100 percent integral vestraints
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and another fleet of all adjustable restraints. [t is thus possihie to
calculate the cost-effectiveness of integral and adjustable restraints,
Also, in Table 7-2, benefits were tabulated separately for Lhé drivér's
and right front seats. .Since the restraints at the two seat positions
are identical, each one could be said to cost haif of the total.
Cost-effectiveness of head restraints at a given seai position,
thercfore, is the benefit shown in Table 7-2 divided by half of the
total cost. ‘

Note, however, that the cost-effectiveness by seat position,
as defined above, is not exactly the same as the cost—effectiveness that
would occur if only one seat position were equipped with restraints. In
the latter situation, half of the variable costs and the fuel penalty
would be saved, but not half of the (relatively small) Fixed costs. The
cost of one head restraint would be slightly greater than half of the

total and the cost-effectiveness slightly lower.

Tahle 7-3 shows the cost-effectiveness estimatés énd their

.. confidence bounds by restraint type and seat position.

Large variations in cost-effectiveness are evident from Table
7.3. At the one extreme are integral drivers' seats, which eliminate
1,020 injuries per million dollars of cost. At the other extreme is the
right front passenger's adjustable restraint which eliminates 60
injuries per million doliars. This is a 17 to 1 ratio of cosf—
effectiveness. In general, integral reé;raints are about H times as
cost-effective as adjustable restraints because they deliver about 60

percent higher benefits at 70 percent lower cost. Driver's restraints
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are nearly 3 times as cost-effective as passenger's restrainls because of

the difference in occupancy rates.

The cost-effectiverness findings beg an obvious question:

o What is a “reasonahle" cost Lo pay to aveid whiplash and how
does it compare to the cost of head vestraints per injury eliminated?

Whiplash is a type of injury that usually results in quantifiable
economic losses: the losses occur over a limited time period (almost
always less than a year; usually much less) and the victim can be given full
vestitut ion for them. Whiplash hardly ever endangers life of causes
permanent disabjlify (economic losses that are harder to quantify). In
addition to economic losses, however, whiplash causes pain and suffering
which, although of Vimited duration, is not a directly quantifiable loss.

Therefore, it seems that a "reasonable cost of avoiding whiplash®
can be expressed in absolute terms. But the cost should be expressed as a
range rather than a single fiqure because the pain-and-suffering partion of
the losses is only indirectly quantified.

The lower end of the range is based on analysis of the economic
Josses due to whiplash and does not include any valuation for pain and
suffering. The upper end of the range is based on actual liability insurance

payments to victims of whiplash which include compensation for pain and

suffering,
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In 1975 B. Faigin estimated that the average societal losses for a
minor (AIS 1} injury were $435. The figure excludes pain and suffering but
includes the victim's direct losses {medical expense and absence from work )
and a prorating of insurance administration, legal costs and a few other
indirect costs [19]. A. F. Seila's analysis of injury costs in connect ion
with the Restraint Systems Evaluation Project showed that the average direct
losses for “pain“ injuries - predomfnant]y whiplash - were within $2 of the
average for all minor injuries (see [35], pp. 68-71). Likewise, an analysis
of National Crash Severity Study data bn days of bed rest, activity
restriction and ahsence from work reveals 1ittle difference between nonserious
rear impact casualties and othér‘crash victims who wefe not seriously injﬁred.
Thus, B. Faigin's estimate of $435 in societal losses for all kinds of minor
injuries also appears to be a good estimate of direct losses for whiplash in
1975. The Gross National Product deflator index was 125.5 in 1975 and 193.3
in 1981. The 1975 costs can be inflated fo 1981 societal costs by multiplying
by 193.3/125.5. As a result, the 1975 estimate corresponds to $670 in 1981
doilars - a lower bound for the price worth paying to avoid whiptash.

_ An extensive survey of liability claims payments during late 1977
was performed by the All-Industry Research Advisory Council [7]. The
average payment for "neck strain" wa$_$1499 which included $891 for "general
damages," i.e., pain and suffering. The payments, of course, do not include

the overhead cost of insurance administration. Based on a GNP deflator of
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193.3 in 1981 and 139.8 in 1977, the estimate of $1499 in 1977 dollars
correspands to $2073 in 1981 dollars, including $1232 for pain and
suffering. Add to the $2073 Faigin's estimate for insurance édministratiOn
(380 in 1981 dollars) to obtain a total of $2153. Since liability payments
are often considered generous and since many'whip1ash vict ims do not seek or
do not receive the payments, $2153 can be thought of as an upper hound for
the price worth paying to avoid whiplash.

In short, $670 - $2153 appears to be a reasonable range of costs
worth paying to avoid whiplash. To put it another way, it is worth spending

4 million dollars on whiplash reduction if at least 460 - 1500 whiplashes

are eliminated.

250




CHAPTER 8
THE EFFECT OF HEAD RESTRAiNT HEIGHT

ON INJURY RISK

The purpose of a head restraint 1s to effective]y raise the seat hack,
restraining rearward movement of the head and neck relative to the thorax
(hyperextension). The higher the restraint, the more protection it provides. At
some point, however, a festraint protecis even the tallest occupants. Additional

height would provide few incremental benefits.

What is the.minimum level for hgad restraint height that approaches full
benefits? MWhat is the relationship between ﬁea& ;estraint height and injury risk?
To what extent is the performance of adjustable restraints degraded because they'are
left 1n the "down" position? What ncremental benefits, if any, could be achieved
hy higher restraints? These questions énd their implications are addressed in this

chapter.

8.1 Anthropometric considerations

A head restraint or seatback should come close to achieving its full
benefit if it is high enough to reach beyond the top of the occupants neck -t.e., up
to the skull. Additional seatback height wbu}d provide little additiona}rrestraint.
The seatback would provide little or no protection if it fails to reach even tHe 7
bottom of the occupant's neck. If the seat back reaches somewhere between the top
and bottom of the neck, it would presumably give an intermediate amount of

protection.
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The statistic of interest 1s the range of seatback heights that provide
intermediate levels of protection. The range w11l now he calculated for 70 1inch

(50th percentile male) occupants, based on anthropometric data.

The mean height from a chair to the base of the skull of a 70 inch human
is 27.5 inches if that person is sitting erect 1n the chair. This height 1s

normally distributed with a standard deviation ot 0.77 1inches [5].

The typical automobile occupant, however need not be sitting erect, but
may be a bit slouched. This may reduce the seated height by 0-2.5 inches (author's
observations). Thus, the height reduction due to slouch may be assumed normailly
distributed with mean 1.25 inches and a standard deviation of 0.63 inches (1/2 and '
1/4 of the observed range). Therefore, the sitting height to the base of the skull
for the typical occupant is the difference of two norha] distributions. It 1s
normally distributed with:

[

o

57.5 - 1.25 = 26.25
(.77%+ .637)"%=1

The length of the posterior neck is about 4 Inches in human beings [6].
For an individual occupant, the seatback provides an intermediate level of
protection if its top 1s comewhere within the 4 inch range between the top and
bottom of the neck -1.e. anywhere up to 4 inches below the base of the skull. Thus,
for an individual occupant, the seatback heights with intermediate protection have

the uniform distribution with range (-4,0), measured from the base of the skull.

For the diversity of 70 inch occupants, the ‘distribution of heights
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providing intermediate protection is the sun of the normal distiibution of heights

to the base of tﬁe 5ku11 and the uniform distribution of 0 to 4 inches below the

hase of the skull. This distribution has the cumulative distribution function [50]
H(a) = PUcug(x) + Neyog oy (y) < @)
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Since H{21.35) = .025 and H{27.15) = .975, 95 percent of the range of
seatback heights providing intermediate protection for 70 inch occupants 1s 21.35 -
27.15 inches. This interval can be construed as the efféct1ve range within which an
increase of the seatback height will substanp1ally enhance the resultant protection.
The width of this interval is 5.8 inches. Itﬁié-greater than the posterior neck
length of a single person (4 inches) because it also incorporates the variation of

sitting heights and amount of slouch among 70 inch occupants.

In relative terms, the range of 21.35 - 27.15 inches corresponds to 30.5
- 38.8 percent of. the standing height of a 70 inch occupant. 'AppmximateTy the same

ratios of seatback herghts to standing height are derived for persons taller or
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shorter than 70 inches, because seated heighl of Lhe hése of the skull s very

nearly proportional to standing height [5].

Based on anthropometric considerations, then, 1t would appear that an
occupant gets close to the maximum feasible protection from head restraints that

attain 38.8 percent or more of his stature and 1s most vulnerable f the seatback 1s

30.5 percent or less of his standing height .

8.2 Sled and crash test results

In 1968, R.J. Berton ran 24 rear impact sled tests using 50th percentile
male (70 inch} dummies [11]. He used seatback heights of 22, 24, 26 and 28 1nches;
test speeds of 10, 20 and 30 mph; and 1 and 4 inch offsets of the dummy head from

the seat. Rigid seatbacks were used.

There was a strong, nearly linear relationship between the observed
angle of neck hyperextension and the seathack height when the latter was in the
24-28 nch range. In other words, the 6 dummtes with the 28 inch seatback all
experienced less than 25 degrees of rearward rotation of the head relative to the
torso (well within voluntary 1imits of neck extension). The dummies with 26 inch
seats experienced a head/torso angle varying from 35 to 60 degrees - more or less
the voluntary limit of neck extension. With 24 inch seats, the dummies suffered

80-110 degrees of head rotation, exceeding the voluntary limits [61], [62].

The dummies with the 22 inch seatbacks suffered hyperextensions which
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were on the'average, Just slightly larger than those of the dummies n the 24 1nch

seats.

Berton concluded that 26 inch seatbacks provide adequate protection for
50th per&entile males without creating visibility restrictions for small females.
After all, a 30 mph sled test 1s extremely severe compared to typical rear mpact

highway accidents, yet the dummy's neck extension was more or less within voluntary

limits.

“In relative terms, a 28 inch seatback s 40 percent of the height of a
70 inch dummy; a 26 inch seatback - 37 percent; a 24 inch seatback - 34 percent;
and a 22 wnch seatback - 31 percent. Thus, Berton concluded that a seatback 37
percent as tall as the dummy provides adequate protection. The range of seatback
heights providing intermediate levels of protection would apprear to be abdut 33-39
percent of the dummy's height: 33 percent, because the 22 inch seatback (31
percent) performed stightly worse than the 24 inch seét (34 percent). So the lower
hound may be just below 24 inches; 39 percent because the 28 incﬁ seatback (40
percent) appears to exceed slightly the réqu1remenfs for protection, whereas the 26

inch seat (37 percent) is already close to the‘top of the range.‘

It should be noted that Berton's dummies are all identical 50th
percentile males. The study does not make allowances for the variations 1n seating
height relative to standiﬁg height in the 70 inch human population. Also 1t can be
assumed that the dummies were placed in the erect seating position. When Berton's

interval (33-39%) is adjusted to allow for anthropometric and slouching variations,
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1t expands and moves to the left. Thus, Berton's interval of 33 - 39 percent for

dummies corresponds to an interval of 31 - 39 percent for human occupants.

The range of seatback heilghts providing intermediate protection, based
on Berton's sled test (31 - 39 percent of the occupant's standing height)
corresponds closely to the range calculated from anthropometric measurements 1n

Section 8.1 (30.5 - 38.8 percent).

Severy, Brink and Baird staged 12 front-to-rear car-to-car collisions
during the 1960's [60]. The vehicles struck in the rear were for the most part
occupied by 95th percentile male dummies n the driver's and right front seats.
These dummies are about 74 wnches tall and weigh 205 pounds: this is a major
variation from the 50th percentile male dumm1es_used by Ber;on. Ip was found that
28 inch ntegral seatbacks or adjustable head.restralnts genefa11y proviaed
satisfactory protection against hyperextension of the neck. A 28 inch seatback is
38 percent of the ﬁe1ght of a 74 inch dummy. On the other hand, 25 inch seatbacks
(34 percent of dummy height) allowed a much greater degree of neck extension. Thus,
even though the authors used taller dummies and seatbacks, the relation of seatback
height to dummy height yielding various -levels of prbtect1on appears to be

consistent with Berton's findings.

Another difference in Berton's aﬁ¢ Severy's experimental conditions was
that the former only used "rigid" séatbacks whereas the latter employed a mix of
"rigid" and production séatbacks. In a rear impact, production seatbacks can tilt
backwards under the occupant's load. [In severe impacts, the tilting seat
facilitates upward movement of the occupant's torso relative to fhe seatback

(ramping). This effectively lowers the head restraint relative to the neck. Severy
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ohserved significant amounts of ramping in the severe impacts with production
seathacks and the ramping was accompanied by hyperextension of the dummy necks. I[f
ramping 15 frequent in highway accidents, it would require taller seatbacks to
compensate for the 11fting of the occupants. Thus, it s possible that the
anthrapometric calculations and Berton's résults, neither of which made allowance

for ramping, understate the relative seathack height needed for full protection.

8.3 Results from the National Crash Severity Study

The National Crash Severity Study is the only probab{11ty sample of rear
mpacts for which the occupants’ hgight, the_seatback height and.the opcupants'
injuries are known. The NCSS data m&ke it possible to reliably ébtain the .
distribution of head restraint height as a percentage of occupant height for
adjustable and integral restraints {Section 8.3.1). The NCSS sample is too smail,
however, to determine the relationship between relative restraint height and injury
risk {Section 8.3.2). Bu;’the NCSS data on the actual distribution of restraint
heights, in combination with the effectiveness estimates from Texas data, do permit

speculative 1nferences about the height-injury relationship {Secttion 8.4).

8.3.1 Distribution of seatback heights

The cumulative NCSS distributions of actual seatback he1ghfs; for
adjustable and integral restraints, are shown in Table 8-1. The seatbéck height is
the distance, n inches, from the back of the seat cushion to the top'of the head
restraint. In cars with adjustable restraints, the investigator makes the
measurement with the restraint remaining in the position that it was when‘the
vehicle was located for examination. Note that this procedure is not the same as
the Standard 202 compliance test, where height is measured from the "H position" of

an occupied seat. According to Or. John Garrett (the NCSS quality control manager)

the measurements by the two procedures may differ by about 0.5 - 1 inches.
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TABLE B-1
CUMULATIVE NCSS DISTRIBUTIONS OF
SEATBACK HEIGHTS BY HEAD RESTRAINT TYPE

Seatback | Cumulative Percent of Occupied Seats
Height Adiuztatle Integraf | Pre-Sgandarc
(inches) (weighted N=2373) (N=1325) 202+
19 - - 1

20 - - 5

21 - - 20

22 L - 51

23 3 | - 76

24 ‘ 15 - 95

25 36 | - 100

26 57 5 -

27 7 B -

28 87 ~ 46 -

29 . 97 90 -

30 99 | 08 ]

3] 100 9g -

32 - 100 -

* Inferred distribution: first 75 percentiles of "adjustable" distribution,

minus 2 inches
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NCSS does not contan measurements of scathack hewght for pre-Standard
cars.  But a distribution can be inferred by nobang that about 7% percent of
adjustable restraints are 1 the "down" position {sce Section 4.4). The lower 75
percent of the adjustable restraint height distributron 1s used and, moreover, 3
inches are subtracted because an adjustable restraint 1n the "down® position extends
- ahout 3 nches ahove the rest of the seat {author's observations of 100 cars),

Figure 8-1 15 a graph of the cumulative distvibutions. The pre-Standard |
seats ae the lowest and the-1ntégra1 seats the highest. The curves for the
pfe-Standard and integral distributons have nearly the same shapes but the wntegral
seats are; on the average, 6 inches taller. In particular, the median pre-Standard
seal. 15 22 inches and the median nteqral seat 1s more than 28 inches. The highest
pre-Standard seats are lower than the shortest integral seats.

The height distyibution for adjustable restraints 1s clearly broader
than for the other 2 types: the distribution curve is not nearly as vertical. This
1s hecause restraints can be adjusted to a variety of heights. In 1ts lower range,
Lhe curve for adjgstah1e restraints 1s mudway between the two other curves
(restraints tn the "down" pOSItleﬁ). in the higher percentiles, the curve
approaches the distribubion for integral seats.(restra1nt5 n the "up" posiktion).
The medtan seathack with adjustable restraints 15 25 1/2 inches high.

Table 8-2 shows the cumulative NCSS distrabutions of seathack heighls as
a percentage of the height of thererson occupying the seat. The distributions for
adjustable and integral restraints are based on actual NCSS cases. The distribut ion
for pre-5Standard cars s constructed from the nferred pre-Standard seatback heights
(Table 8-1} and the distribution of occupant hetghts on NCSS. © {(Since pre-Standard
seatbacks are not adjustable, 1t 1s reasonable to assume that their height and the

occupant's height are independent).
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TABLE 8-2

CUMULATIVE NCSS DISTRIBUTIONS OF SEATBACK
HEIGHT AS A PERCENTAGE OF OCCUPANT HEIGHT,
BY HEAD RESTRAINT TYPE

Seatback Height (%) Cumulative Percent of Occupied Seats
upant Height -

Occup . I Adjustable Integral Pre-Standard 202*
27 -- - ]
28 -- - 3
30 -- --

31 ] - 27
32 2 -- 38
33 6 - 53
34 9 - 65
35 13 -- 76
36 20 -- 85
37 26 2 90
38 41 1] 95
39 52 20 96
40 68 3 98
4] 77 40 99
42 85 48 99
43 90 64 100
44 93 14 -
45 94 80 -
46 97 90 --
47 98 94 --
48 99 96 .-
49 99 98 -
50 _ 100 100 --

*Inferred distribution
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Figure 8-2 is a graph of the cumulative distributions of
Table 8-2. The relative he1ghts of integral seats are about 9 percent
greater than pre Standard seats and about 3 percent greater than

adjustable head restraints (in the positions that the occupants have

adjusted them).

The‘median height of pre-Standard seats is 33 percent of
occupant height; the median of adjustable restraints is 39 percent bf
occupant height; of iniegraT restraints, 42 percent. The 95th percentile
of pre-Standard seats corresponds to the 41st percentile of adjustable

restraints and the 11th percentile of integral restraints.

" In Section 8.1 it was calculated that the range of intermediate
restraint effectiveness was about 31-39 bercent of occupant height. It
should be noted that 80 percent of the pre-Standard seats fall in this
range and only 16 percent are below it. In other words, even the pre-
Standard seats provide at least some protection for many occupants,
especially for shorter persons. As 2 re$u1t, the injury reduction for
post-Standard seats relative to pre-Standard understates the injury '

reduction for "full" protection versus "no" protection (see Section B.1).

It is interesting to compare Figufe 8-2 (relative seatback
height) to Figure B-1 (absolute height). In the latter, the "adjustable”
curve was less vert1ca1 than the other 2 curves. reflecting the variation
jn the adjustment of these restraints. In Figure 8-2, the vadjustable"
curve is about as steeﬁ as the other 2 curves, at least in the 2 middle
qugrti]es. This §s because the taller occupants are more Tikely to
raise the restraints - thereby reducing the variance of relative heights.

The long tafls of the "adjustable" curve represent the outliers - tall
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persons who did not raise the restraints and skort occupants who

neglected to lower a restraint that was previously raised.

8.3.7 Seatback height and injury risk

Based on the anthropometric calculations of Section B.1, a
‘strong relationship of injury risk and seatback height was to be
expected when the seatback ranged between 31 and 39 percent of occupant
height. Outside this range, a weakgr relationship was expected. For
these reasons, multiple reg}ession using relative seatback height as a
piecewise linear continuous variable is the appropriate procedure for

investigating the re1ationship.*

Two multiple regressions were run: one using neck injury as the
dependent variable (1 = neck injury cccurred; 0 = none) and the other using
presence of any injury as the dependent variable. The regressions éere.
of course, limited to those cases where both the injury variable and
the relative seatback height were defined. Both the seatback heighf
and the occupant height had to be known. Specifically, since NCSS does
not contain seatback height information on the pre-StanBarﬁ 202'cases,

they were exctluded from this analysis.

*The contractor's NCSS analysis treated seatback height as a dichotomy
and defined as “"improperly adjusted" any seat that was less than 39 |
percent of occupant height [ 63 ]J. This method obviously does not

properily model the suspected relationship and it will not be discussed

here.
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Relative seatback height was treated as a piecewise linear continuous

independent variable as follows: two variables were defined

Relhgt (30.5-38.8) = min (%5—%33:—&—%—2‘;’—:%2% X 100, 38.59

seatback height , 44 BB‘;\

Relhgt (38.8 +) = max (}ccupant height ~

Since none of the NCSS cases had relative seatback heights
less than 30.5 percent, Relhgt (30.5-38.8) is a linear variab?é within the
range of seatback heights with intermediate effectiveness (30.5-38.8% of
occupant height - see Section B.1). Relhgt (30.5-38;8) is a constant
above this range. Relhgt (38.8+).is a constant within the range and a

linear variable above the range.

Head restraint type (integral = 1, adjustabie = 2} was another
independent variable. Its role is to test whether integral restraints
are more effective than adjustable restraints merely because, on the
averagé. they are higher or whether integral restraints are even more

effective than adjustable restraints positioned at the same height.

~ Occupant sex {0 = male, 1 = female) and CDC extent of damage
(actual value) were also entered as independent variables (covariates)
in order to control for any confounding between them and the preceding

variables.

Finally, the cases were weighted by the inverse NCSS sampling

fractions.
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Table B-~3 shows the coefficients of the independent variabies
as predictors of neck injury. A1l of the coefficients are "in the right
direction.” Specifically, when the seatbacks range between 30.5 and 38.8
percent of the 6ccupant's height, each 1 percent. increase fn_seatback
héight Teads to a 1.4 percent reduction of neck injury risk, But when the
seatback is 38.8 percent or more of the occupant's height, a 1 percent
increase only leads to a 0.6 percent reduction of neck injury risk, The
regression suggests that adjustable restrainfs are slightly inferior to
jntegral restraints of the same height, increasing neck injury risk_by_z.l

percent. Within the 30.5-38.8B percent range, then, an adjustable seat

would be equivalent to an integral seat 1.5 percent shorter.

The low t values of the coefficients and their high prob-
abilities, however, cTear]j indicate that none of the coefficients are:
significant1y different from zero. Because the NCSS sample s small,

it could be pure coincidence that the observed results come sO close to

intuitive expectations.

Tﬁble 8-4 shows the coefficients of the 1hdependent variables
as predictors of any kind of injury. The résu]ts are nof too different
from the neck injury regression, but do not match intuition quite as neatly,
The regression again produces the correct relationship between Relhgt
(30.5-38.8) and Relhgt (3B.8 +): 'in the 30.5-38.8 range, increases
in relative seatback height lead to modest decreases in injury risk,
but in the higher range, increased height has virtually no effect; the
model actually predicts a very small increase in injury risk. lﬁtegral

reStraints are predicted to be safer than adjustable restraints of the
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TABLE 8-3
COEFFICIENTS OF REGRESSION OF NECK INJURY BY
RELATIVE SEATBACK HEIGHT, NCSS '
(Unweighted N=509)
| t for Hy:

Independent Variable Coefficient Coeff. = 0 P
Relhgt (30.5-38.8) -0.014 -0.80 .43
Relhgt (38.8+) ~0.006 -0.83 A1
Head restraint type 0.021 0.44 .66
Sex 0.071 1.54 12
Extent of damage - U.Ois 1.13 .26
(Intercept) 1.002 1.47 .14

TABLE 8-4

COEFFICIENTS OF REGRESSION OF INJURY BY
RELATIVE SEATBACK HEIGHT, NCSS

{Unweighted N=524)

t for Hy:
Independent variable Coefficient Coeff. = 0 L
Relhgt (30.5-38.8) —0.603 -0.16 .87
Relhgt {38.8 +) - © 0.001 0.16 .87
Head restraint type 0. 051 1.02 |
Sex 0.085 1.77 .08
Extent of damage 0.022 1;52 B K
(Intercept) 0.421 0.59 .56
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same height; in fact, the model predicts that the type of restraint is
considerably more important than the height. Also in this regression,
however, none of the caefficients differ significantly from zero and

the observed relationships among the variables are not statistically

meaningful.
B.4 Computations based on Texas effectiveness and NCSS seatback
heights '

1t was shown in the preceding section that the NCSS sample
was too small to permit derivation of a meaningful relationship between
seatback height and injury risk. Nevertheless, the NCSS data did provide
accurate estimates of the distribution of adjustable and integral seat-
pack heights relative to occupant heights (Table 8-2 and Figure 8-2).
From Texas data, the injury reducing effectiveness of adjustable and
integral restraints is known within narrow confidence bounds. The
purpose of this cection is to compute a relationship between seatback
height and injury which is consistent with the NCSS distributions of

height and the Texas effectiveneés results.

B.4.1 Head restraint height and injury risk

It takes 3 operations to compute 2 relationship betweén
seatback height and injury which is consistent with NCSS height
distributions: _ _

(1) A relationship between seatback height and injury risk is
hypothesized. |

(2) - This hypothesized relationship, in combination with the
NCSS distributions of adjustab]é. integral and pre-Standard seatback
‘heights relative to occupant heights (Table 872) Teads to estimates of

the effectiveness of adjustable and integral seats. -
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(3) These estimates of effectiveness are tested for their
statistical compatability with the effectiveness observed in Texas; if
they are compatible, the hypothes:ized relationship of seatback height

and injury is plausible.

After a comprehensive list of possible relationships has Seen
generated and tested, those that survive the test constitute the
confidence ellipse for 1ikefy relationships between seatback height
and injury.

The procedure involves assumptions, sometimes speculative,
at vérious stages. The aésumpfibns are marked wiih bullets as they are
introduced in the text.

The anthropometric considerations of Section B.1 {which are
supported by the laboratory testing of Section B.2) already provide a
good idea of the likely relationship of seatback height and injury. They
suggeSt that it is impoftant to consider the seatback height relative to
occupant height, There is a critical range of ée]ative seatback heights
within which increased height reduces_injury. Qutside the range, injury
risk is insensitive to seatback height. The width of this range was
about B percent of the height of the occupant. In view of these.
considerations, it ﬁi]l be assumed that

. Theréris a certain minimum percentage hy of an occubant's
| height below which the injury reduction is nil. At hy, + 8 (the top of
the critical range} and above, the injury reduction is € where £ , in
the terminology of Section 8.1, is the value of "full"” protection versus
“nb“ protéction.

For simplicity, assume also that

® Between hp and hp + B (within the range of intermediate

269




protection) injury risk decreases at a linear rate as seatback height
increases..

_ An important assumption which has just been implicitly
introduced but should be explicitly restated is that

e Injury risk is only a function of seatback height
relative to occupant height. For example, an integral seatback fhat
15 3B percent as tall as the occupani is no more effective than an
adjustable restraint that was positioned at 38 percent of the occupant's
height.

The validity of this last assumption is uncertain in light of
the experimental evidence (see Section 6.1 ). Therefore, subsequent to
the computations, the effects of a departure from the assumption will be
discussed.

The first step - the generation of hypothesized relationships—
has now been reduced to the specification of the 2 parameters hp and&
which determine the piecewise linear height-injury function.

Table B-2 gave the cumu]ativé distributions of seatback
heights relative to occupant heights. Let Cay» 14 8nd c,, be the table
entries for adjustable, 1ntegrd] and pre-Standard seats 6pposite the
percentage i of occupant height; i varies from 27 to 50 percent in the

table.
Then the calculated overall injury risk for adjustable restraints,

based on the hypothesized relationship of seatback height to injury, is

trh iohotf

. |
Ta =Z “"‘An-.) Z (- < HE)(‘A: G * f_ (r-e)(c: ~¢y,.)

= Cau . (l ¢ "‘)(CA @-)+ (-g) (100~ ¢, )

Tehoti
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het 7 - (l-’ll.)(_ C
& = CIL\51'SA{|(‘_ 8 ')(CI;— Ii-’) *('—t)(‘oobcll'?-’)

and for pre-Standard cars it is

bt L )

gk Yo, i N

r‘P = CP'- + z (l- 5 )(CP, CP.-.) -+ (f-i)(fop— CF"':.'f'-?J

’ o=k ) .
In other words, the effectiveness of adjustable restraints is calculated

1o be A
= |- -
QLF% e

and the effectiveness of integral restraints is

EI = |- 2
Now it rerﬁains to check whether the estimatestp andt i are
statistically compatible with the Texas effectiveness results. It is

assumed, at this point, that

e The Texas and NCSS distribution of occupant heights, seat-

back heights and restraint types are similar.

Similarly, the overall injury risk for integral restraints is
| Recall that the Texas estimates of adjustable and integral
i restraint effectiveness were developed from separate studies of
(1) model year 1969 vs. model year 1968 in 1972-74-77 Texas data (5.6.2)
| (2) integral vs, adj@stab]é restraints in 1972-74-77 data (6.3.3)
| Since 81 percent of the crash-involved MY 63 cars on NCSS have
- adjustable restraints and 7 percéﬁt have integral restraints,'whereas only
6 percent of the MY 68 cars have adjustable restraints and 6 percent have integral
restraints;

is the effectiveness estimate for model year 1969 versus model year 1968,
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based on the hypothesized height-injury relationship;

E = 1 - ]—EI
2 T-€a

is the effectiveness estimate for integral versus adjustable restraints.

In the 1972 Texas data, the effectiveness of model year 1969
versus ﬁﬁdel year 1968 was 8.1 percent and its standard dev1at1on was 3,16
(see Section 5.6.2). In the 1972-74-77 Texas data, the effectiveness of integral
versus adjustable restraints was 7.3 percent and its standard deviation {when
this effectiveness wzs treated as an observation from a normal) population) was
3.04. Since the two effectiveness values are derived by procedures independent
from pne another, they can be treated jointly as observations from a bivariate
normal distribition uith zero correlation. In other words, if

E1- 81 €2-1.3 <(15459

3 16 T3.00

then €, andg , are witnir the 90 percent confidence ellipse of effectiveness

values statistically compatible with the Texas results.

In turn, the parameters hpand £ that generated £; andg >

define a relationship between seatback height and injury that is compatible with

the Texas results,

Table 8-5 lists and Figure 8-3 plots the ialues of ho, hot8
(interval within which seatbacks have intermediate effectiveness) and £ (injury
reduction for “full" protection versus "no" protection) which are tompatib1e_with
the Texas results. The lowest compatible intermediate raﬁge of seatback heights
is 30-38 percent of occupant heights; the highest is 40-48 percent. Thus, the
range obtained from anthropometric ca?culatiops and laboratory tests (31-39

percent) 1s within, but near the bottom of the envelope of ranges obtained here,
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The compatible values of effectiveness & range from 14 to 42
percent. Thus £, the injury reduction for "full" protection versus "no"
protection, is considerably larger than the average effectiveness of current
head restraints (12.8%). This is because even pre-Standard seats are often
higher than ho (especially for short occupants] while current head restraints

are often shorter than ho+8 (especially for tall occupants) - see Tabie B8-2,

TABLE 8-5

PLAUSIBLE RELATIONSHIPS OF SEATBACK
HEIGHT AND INJUIRY RISK

{compatibie with NISS height distribution and Texas effectiveness)

_ho ' ho + € £
Reight where Seatbacis - Height where Seatbacks Injury Reduction for
Provide #o Protection Frovi.e Full Protection ho + B versus ho
(X of Occupant Height) (% of Occupant Height) )
30 ' 38 22-26
31 39 18-28
.32 ‘ 40 | 16-28
33 | 41 14-30
34 _ 42 14-30
35% 43* 14-32, 23*
36 44 ‘ 14-32
37 45 16~34
.38 , 46 18-36
39 47 24-40
40 48. : 32-42

& Values that come closest to predicting effectiveness observed in Texas
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specifically, the {integer) values of ho and € that come closest to

predicting the effectiveness aétué]]y observed in Texas are 35 and 23,

In other words, the NCSS and Texas data imply that
(1) Seatbacks provide no protection #f they are less than 35

pércent as fé11 as the occupant

(?) They provide full protection if they are at least -43 percent
as tall as the occupant

(3)- A seatback 43 percent as tall as the occupant (31 inches
for a 72 inch occupant) reduces rear impact }njury risk by 23
ﬁercent relative to a seatback 35 percent as tall as the

occupant (25 inches for a 72 inch occupant).

It should be noted that this ﬁoint estimate of 35 for ho is
4 percent higher than the point estimqtes of 30.5 - 31 derived from énthropometric
_calculations and laboratory data (Sections 8.1 and 8.2). This discrepancy is
-ObViOUSTy not statistically significant, since the confidence envelope for
ho by this method is 30-40. Nevertheless, there are two possible reasons that

this method could produce a higher estimate for ho:

{a) Neither the anthropometric calculations nor Berton's
laboratory‘tests with rigid seats allowed for the occuﬁant's
torso ramping up the seatback during rear impact, thus
requiring a higher seatback to protect the head and neck

(see Section 8.2). The results by this method, which are

based on highway crashes with production seats, do include

cases of ramping.
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(b) This method assumes that integral restraints are no
more effective than adjustable restraints, except to the
éxtent that the latter are adjusted to a lower position;-‘
If, in fact, integral restraints have greater benefits
than adjustable restraints lifted to the same height, it
would ﬁave caused this method to underpredict the ef-;
fectiveness of integral restraints and, conversely, to
.oyeremphasize the role of tall seatbacks in preventing

injury. In short, it would bias ho upwards.

Thus, if (a) is true, it would indicate that the anthropometric
calculations an& laboratory tests understate ho, while if {b) is true, this
method overstates it. 1n either case, though, the discrepancy is just 4 percent
of an occupant's height, or 3 inches for a 72 inch occupant. This is a
remarkably close agreement for two entirely diéparate methods, one of which

involved numerous speculative assumptions.

Figure B8-3 clearly shows the shape of the confidence envelope. It
js not symmetric: the range of permissible £ is h{gher when ho is larger. This
is because, when ho is 1argé. even integral seats provide inadequate amounts
of protection. Thus, a much higher>£.("fu]1“ protection versus “no"'protection)
is needed to obtain the injury reduction actually observed for integral seats

(partial protection versus no protection).

The confidence envelope may be explained as fb?lows: when t is too
high, overall effectiveness of restraints is overpredicted (and when € is too
Tow, it is underpredicted). When ho is too high, the model assigns undue
benefits to very tall restraints and pverprgdicts the benefits of integral restraints

relative to adjustable ones (and when ho is too low the model ignoreé,tqll
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restraints and underpredicts the benefits of integral seats). As a resuit, the

effectiveness levels observed in Texas constrain € and ho within the enve]ope-

shown in Figure B-3.

8.4.2 Effect of positioning adjustable restraints properly

The preponderant evidence suggests that the main reason that integra?
restraints are more effective than adjustable restraints is that they are taller,
since occupants fail to raise the adjustable oﬁes far enough., The most impbrtani
evidénce in support of this hypothesis is the consistency of the Texas effectiveness
data and the anthropometric calculations, as shown in the preceding section. The
NCSS data neither support nor contradict the hypothesis (Section B.3.2) and

Severy's crash tests are also inconclusive (Section 6.1.

If, in fact, the hypothesis is true then adjustable restraints could
be made as effective as integral restraints if the occupants were to position
them “properly." Proper positioning, in Tight of the preceding section, means
211 the way up or up to 43 percent of the occupant's height (to the middle of
the skull), whichever is lower. "Table 8-2 shows that, at this:timg, only 15
percent of adjustable restraints are positioned at 43 percent or more of occupant
height, whereas 52 percent of integral restraints achieve it. If all.adjuskable
restraints were properly positioned, there would be 2 7.3 percent reauction of
injury risk, since this is the incremental effectiveness of integral over
adjustable seats, Conversely, the'currént mispositioning by occupants bf adjustable

restraints causes the injury rate to be 7.9 percent higher than it would be if

they were properly positioned,

8.4.3 The effects of raising or Jowering height requirements

In Section 8.4.1, rear impact'injury risk was defined to be a
function of two parameters: the relative seatback height ho where seatbacks
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begin to provide protection and the effectiveness £, which is the injury reduction
for a seatback ho +8 percent of occupant height relative to an ho seatback,
Moreover, it was found that ho=33 and €223 come closest to predicting the
effectiveness of adjustable and integral restraints actually observed in Texas, A

confidence envelope of values of ho and B compatible with the Texas results was .

also found and shown in Figure &-3.

The piecewise linear seatback height-injury risk function defined
by ho=33, E=28 now makes it possible to estimate the injury risk for any hypothetical
population of seatbacks, not merely for current adjustable and integral restraints,
The hypothetical population need only be describedﬁby its distribution of seatback”
heights as a percentage of occupant heights - the height injury function is then

applied to this distribution to determine cverall injury risk.

Specifically, consider a population of exclusively integral

restraints, all of the same height H inches. {Such a population could have

occurred in real life if Standard 202 had required integral restraints of height
H inches.,) How much smaller (or larger) would the injury risk be for this

population than for the current post-Standard 202 population of adjustable and

integral restraints?

1+ takes two operations to find the reduction of injury risk:
(1) Convert the absolute height H inches into the distribution -
of seatback heights relative to occupant heights,
(2) Apply the height-injury function to this distribution
to determine the overall injury risk and compare the result

to the current post-Standard pdpulation.
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Let f{x) be the frequency density function'of the heights of crash-involved
front-outboard passenger car occupants, specifically those on NCSS (truncated
to the nearest inch). Llet i be any positive integer. Let j be the largest

integer such that H/j< i+1, Then

Cpi = 100 t £
L=1 7 _
is the cumulative distribution of seatback heights as a percentage of occupant

heights for a seatback H inches tall.

To compute injury risk, it is now merély necessary to repeat
the procedure of Section B.4.1, Specifically, the calculated overall injury

risk for seatbacks H inches tall is
™y = Chno f 1 (""0)6

The injury reduction for seatbacks H inches tall relative to

current post-Standzrd seats is

EH=1"' IH
62 rp + ,38r]

where rp and T the injury risks for adJustable and integral restra1nts, ‘were

defined in Section 8.4, 1

In order to obtain a point estimate of E, use ho=35 and €23, This

yields the best estimate of the injury reduction for a population of H-inch

seatbacks, using the methods of this study.

In order to obtain one-sided 95% confidenée bounds for EH' compute

E, using the combinations of ho and ¢ that are marked by dots on the confidence

envelope plotted in Figure 8-3, ‘The lowest value of EH obtained for any of
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these combinations is a lower confidence bound. The highest value fs the upper

bound.

Table B-£ listc and figure 8-4 plots the estimates of effectiveness

of dintegral seatbacks vanging from 24 10 34 inches anc their confidence'bounds.

TABLE B-6
INJIRY REDUCTION - RELATIVE TO
CURRENT STANDARD 202 CARS - FOR
INTEGR%L'RESTRAINTS, BY SEATBACK HEIGHT

Inprovement over Current Standard

H 202 Cars (%)
Uniform Height of ‘ E Confidence isounds*
Integral Restraints Best
(inches) | Estimate Lower Upper
2 -12.4 -18 - 6
25 _ - 8.9 -13 -3
26 ' - 4,2 -7 -1
27 - 0.1 -3 1
28 - 4.0 2 6
29 6.6 2 1
30 - 8.3 2 18
a1 _ ' 9.4 2 23
12 _ 9.8 2 29
33 9.8 2 32
3% 9.8 2 34

* Onc-gidedd = .05

280




_
i g ;T.. M e, e e e v e

i

1.!1?.-1 - Aww%iw Ezfﬁ,ﬂw% #@&m.hﬁ. % sz\.mx squ%a [PTIUUR S S

jrsl..ll o—

4 . - . . - . . . . AP .

- pe v ige e e o8 g g L2 % . s %

— , - i 1 I t : L ! i _.314.-.

— e -~ 4o e
i |
e e 1
: T B
——— . i
——— - - - * w——— \" N

——e o nzmom wuzwnr..._zou YIMe7 .

e mEz:mm .Gmm

— ———— s — b -

I
- : | , .o 5 aNOD . e e . g =
T NNy L L T Es

i _-__u LHBITH ANGINGS A (SINIVYLISIY TOX¥ORINT voy | L ANANId
;flwqﬁ qu a4 .,zwuua oL, mz.rjw« znr_.uaamw »mawzH .v m. .wwamQ PV

. L | o
: ' 1 ! ) .
A g s - - B . I i
| . f !
e e e ~ e ’ - . -
. F - _i —na i ———— - —— —_———d—— ..
——mrn ——— ———— § o g . i —_ —_ e o - o - —————




While inspecting Table B-6 it is useful to recall that

(1) The current Standard 202 specifies a seatback height of 27.5
inches {integral seats or édjustable restraints in the “up®
position). |

{2)7 62 percent of the crash-involved vehicles have adjustable
restraints, which their occupaﬁts have positioned at a median
height of 26 inches (Table 8-1) -f.e. 1.5 inches below the
current standard. Thus, even integral seats slightly below 27.5
inches constitute an improvement over these adjustable seats

(3) 3b percent of currernt crash-involved vehicles have integral
seats. Their median height is over 2B inches - i.e., exceeds
the minimum réquirements of the sfandard. Thus, 1t would
take integral seats of about 29 inches or more to improve on
current integral seats,

{4) The current mix of integral and adjustable restraints (the
latter being in the positions where occupants currentiy place
them) corresponds roughly to a uniformly 26.7 inch integral

seat population.

Figure 8-4 shows that any integral seat population of 27.5 inches
or higher is likely to result in an improvement over current head restraints
-i.e, even the lower confidence bound is positive., Higher integral seats result
in even greater improvements., Similar gains could be achieved by height
requirements for adjustable restraints in the_gggg position. At about 31
inches, the improvements begin to level ﬁff at about 9 percent fewer injuries
than current cars (best estimate). The upper confidence bounds, however, do

not rule out a much larger potential improvement.
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Conversely, any substantial reduction of seatback heights is iikely
to aggravate the current situation, even if integral restraints are useu.

For example, at 24 inches, there would be 12 percent more inguries than in the

current fleet.

Figure_B-# clearly indicates the shape of the effectiveness curve
and its tonfidence bounds. Effectiveress rises_ste;di?y as seatback height
increases through levels that would be in the "intermediate” range for most
occupants. It levels of f when the seats are higﬁ enough to provide “full"
‘protection even for tall occupants- e.g. & 32 inch seat is nearly 43 percent
as tall as a 6'3" octupant. The curve for the upper bound levels off later than
the best estimate because it is based on that part of the confidence envelope

for the height-injury function that had the highest ho.

The confidence bounds narrow perceptibly near 27 inches because, at
this point, the seats would be close to the average for the current population.

Thus, little change from current injury risk could be expected,

1t is important to remember tﬁat the projections in Figure B-4 are
based on a speculative method of making inferences from accident data. While
anthropometric calculations and limited laboratory data support the results of
this methbd, the projections themselves are not based on direct analysis of
detailed accidentrdata or on a comprehensive crash test program, Moreover;

the confidence bounds shown in Figure 8-4 are too wide for the "best" estimate

to be considered reliable,
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