Q

US.Department

of Transportation
Natlonal Highway
Traffic Safety
Administration

o g
e ‘?, /,J LaG sy

February 1982 DOT HS-806-108
NHTSA Technical Report “

An Evaluation of Head Restraints
Federal Motor Vehicle Safety
Standard 202

Plans and Programs
Office of Program Evaluation

This document is available to the U.S. public through the National Technical Information
Service, Springfield, Virginia 22161



Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient's Catolog No, .
DOT HS-806 108

‘4. Title and Subtitie 5. Report Date
AN EVALUATION OF HEAD RESTRAINTS . Fehruary 1982
Federal Motor Vehicle Safety Standard 202 6-§;ng890moMzmmnCoh

8. Performing Orgonization Report No.

7. Author's)
Charles Jesse Kahane, Ph.D.

9. Parforming Orgonization Name and Address 10. Work Unit No. (TRAIS)

0ffice of Program Evaluation

National Highway Traffic Safety Administration 11. Contract or Grant No.

400 Seventh Street, S.W.

Washi ngton, D.C. 20590 13. Type of Report and Period Covered
12. Sponsoring Agency Nome ond Address NHTSA Technical Repor‘t

U.S. Department of Transportation
National Hiahway Traffic Safety Administration :
Washi ngton . D. Q . 320590 ' 14. Sponsoring Agency Code

15. Supplementary Notes

An Agency staff review of an existing Federal regulation performed in response
to Executive Order 12291.

16. Abstroct
Head restraints were installed in passenger cars largely in response to Federal Motor
Vehicle Safety Standard 202. The nurpose of a head restraint is to prevent whiplash
injury of the neck in rear impact crashes. The objectives of this Agency staff
evaluation are to determine how many injuries integral and adjustable head restraints
have eliminated in highway accidents, to measure the actual cost of the restraints,
to assess cost effectiveness and to describe the ovnerational performance and problems
of intearal and adjustable restraints. The evaluation is based on statistical
analyses of three years of Texas accident data and the National Crash Severity Study,
National Accident Samplina System and Fatal Accident Reportina System files; cost
analyses of actual head restraint assemblies; a review of laboratory and crash tests
and in-depth accident investioations; and head restraint sales data. It was found
that:
o 75 percent of adjustable restraints are left in the down position.
o Intearal head restraints reduce the overall injury risk in rear impacts by
17 percent; adjustable restraints, by 10 percent.
0 Integral restraints add $12 to the lifetime cost of owning and operating a
car; adjustable restraints, $40.
o 72 percent of the cars sold during 1969-81 had adjustable restraints;
28 percent had intearal. , -
0 The existing mix of adjustable and integral restraints prevents 64,000
injuries per year,

17. Koy Words 18. Distribution Statement

head restraint; rear impact; rear-end Document is available to the public
collisions; Federal Motor Vehicle Safety| through the National Technical Information
Standard; Standard 202; accident analysi$; Service, Springfield, Virginia 22161.
evaluation; statistical analysis;
cost effectiveness ,
19. Security Classif, (of this report) 20, Security Classif, (of this page) 2). No. of Pages 22. Price

Unclassified Unclassified 308

Form DOT F 1700.7 (8~72) Reproduction of completed page authorized




[
[

Symbel

s *¥F

s

Appreximate Coaversions to Matric Measures

Vihee You Keow Stultiply by
LENGTH
inches hr 23
feet 30
yards 0.9
miles 16
AREA
squars inches 65
square feat 0.09
muare yads 0.8
square miles 24
acres 0.4
MASS (weight)
ounces 28
pounds 0.45
shart tons | 0.9
{2000 fb)
VOLUME
teaspoons 5
tablespoons 1%
fluid cunces 30
cups 0.24
pints 0.47
quarts 0.95
gatlons as
cubic feet 0.03
cubic yards 0.76

TEMPERATURE (axact)

Febranhait

5/9 tatrer

32)

Te Fiad

centimeters
centimeters
meters
kilameters

SQuars centimeters
square metars
square matecs
square kilometers
hectares

geams
kilograms
tonnes

miltiliters
mitliliters
millititers
liters

liters

liters

liters

cubic meters
cubic meters

Catsius
temperatura

Symbal.

§393

Fgang

* @

mi
ml

auau......—;

"1 = 254 jexactly). For other exact conversions and more detailed tables, see N8S Misc. Publ. 286,

Unuts of Weights and Measwres, Price $2.25, SD Catatog No. C13.10:286.

METRIC CONVERSION FACTORS

[ | [
l.l.'.l.l.l.'.l.

L
.|.|.|.|.|.|.|.

= . o
=—. a

RN

L
13

.|.|.|.|.|.l.|.

v

lll'l'lllllll'l

€

14

12

9
kg
t

1

WW

10

wm

WW

Wl

r
7
3,3~ --2

WW

6

.I.I.I.I.I.l.l. .|.|.|.l.|.l.|.

.|.|.|.l.|.|.|.

seLp

WMWW

Symbel

s‘ﬂlga

When You Knew

Maltiply by

LENGTH
miltimaters 0.04
centimaters 0.4
meters 33
meters 14
kilometers 0.6

AREA

SQuare centimeters 018
square meters 12
square kilometers 0.4

hactares (10,000 m?) 25

MASS (weight}

grams 0.03%
kitogeams 22
tonnes {1000 kg LB ]
YOLUME
miililiters 0.03
litors 29
titers 1.08
liters 0.26
cubic meters 35
Cubic meters 1.3

TEMPERATURE {exact)

Celsius
1emperatury add 32}

9/5 (thea

Appreximate Conversises frem Matric Meassres )

To Find

nches
inches
feet
yards
miles

square yards
square mules
acres

ounces
pounds
short tong

fluid cunces

gaiians
cubic faet
cubic yards

Fatrenbeit
temperature

Symbei

LimgsF

LA R

g




TABLE OF CONTENTS

o oL =T Lo T 11T 1 AP XV
EXECUL TV SUMMAY Y e v ettt ittt ettt it te e ssnessonnroossnssnssnesnnenananss Xvii
L. INTRODUCTION. vt ittt ettt eeeeteneeneennoeeesnnsosnsnsonnsosnenenenanss 1
1.1 Federal Motor Vehicle Safety Standards - the program and 1ts
AV VI U T Y £ TS 1
1.2 What 15 Standard 2027 ... .ottt ittt i i et tttenretraenaeneas 4
1.3 HWhy evaluate Standard 2027 .. ...ttt ittt iiiitittineneennennennnnenns 5
1.4 Contents of the evaluation. . vvuiirni ittt it inrienrnesnnrnnennniens 5
2. FINDINGS AND CONCLUSIONS. .t it ittt ittt ittt eenrnaeersoenssneensencnnnness 7
2.1 Principal statistical findings.... .o riiniiirieieeenrnnnennnanas 7
2.2 Discussion of fIndingS. ..ot iniin ittt iitenieeenrenrannanas 13
2.2.1 The problem: 1njuries in rear impact crashes...........c.c.... 13
2.2.2 Integral and adjustable restraints.......coviiiiiiininnnnnnnns 18
2.2.3 Effectiveness of head restramnts.......coiviiiiiiiiiininnenne, 23
2.2.4 Benefits, costs and cost-effectiveness......ccviiiiviinnnnen. 36
2.2.5 Head restraint height and injury reduction..........covvievuen. 42
2.3 Summary: why are head restraints effective?. ... ..iiiieiiiiiiinn.n. 48
2.4 Strengths and weaknesses of the evaluation..........civviiviiiiiiinnn, 50
2.5 CoNCIUSTONS . ivreterinirereencsneennnnnnsenannnns et 54
3. THE PROBLEM: INJURIES IN REAR IMPACT CRASHES. .. ciiiiiiiiiiiiniiinnnnnn. 57
3.1 The number of injuries TN rear MPaCLS.. v it rerranorsnessnaaoannss 57
3.1.1 Estimates from earlier studies.......ccviiiiiiiniinenennnnan, 58
3.1.2 The prime estimate: from the National Accident Sampling ‘
R 253 1 S 1
3.1.3 Three alternative estimates.....cvviiiiiirrnencnanen N -7/
3.2 The severity of rear impact 1njur1es..............................,.. 71



MUY MECRAN TSNS o s ittt ittt ian e s senoeeneennsensonseasssnssnnas 80

3.3 Injur
3.3.1 "The enigma of whiplash injuries"...........o.ooiiiiis, .... 80
3.3.2  0Lher INJUPY MOCHAN TSNS . ot v et e oottt e e e e e eeanns .... 83
3.3.3 Statistical analysis of njury mechanisms. . ..o e renennnn. 85
3.3.4 Analysis of rear ampact fatalaties...oooiiiiiii i, qa
3.4 Factors influencing rear mpact InJury risk... ..o eennineeernennns 95
3.4.1 Occupant sex and neck IJury risk...ooeiinniinnrnnnn ve.. 95
3.4.2 Crash severity and overall injury risk......eiuiiiiiniennens 97
3.5 Other standards that may protect occupants in rear mmpacts........... 97
THE DEVELOPMENT OF HEAD RESTRAINTS. .. .cvieiineiniiiiiiieinennnieninnnss ....103
4.1 Before Federal regulations.....eeiiiieiiiinniiiiinrernonrneeneonns ,...103
4.2 Regulatory (33 T S ;...104
4.3 Head restraint deSTgns . ..t enrenreeeeneeneeneennronenneaneoans ....106
4.4 Problems with head restraints..veeeueeeeeeennnernnneenernnnnenns ... 107
4.5 Sales trends of adjustable and integral restraints............... L3
THE OVERALL EFFECTIVENESS OF HEAD RESTRAINTS. . .u''erunneeeenneeeennnnnns, 125
5.1 Review Of prev1ous effectiveness studieS...oovuiiiininerrnnnennn ;...125
5.1.1 Studies based on insurance company data...........ceeuvuunnnnn. 125
5.1.2 Studies based on State data....ceeveenererennnrernnneraenn S V)
5.1.3 Studies based on investigator-collected data.................. 129
5.2 Analysis of National Crash Severity Study data..........ovveuveennnnn 134
5.2.1 Overview and definttionS...eeereeerunirneneseereereornnnns ..l 134
5.2.2 Effectiveness based on multidimensional contingency table
ANAT VS TS et vttt et s e enrenneeesnaseneesaneeeneesesnrecnnesneens 138
5.3 Analysis of 1972 Texas accident data.....oveiiiiniinnnnneennnenns ....145
5.3.1 Overview and motivation....oveiiin i inininnininnenennnns v...145
5.3.2 Effectiveness based on multidimensional contingency table
AN T Y S TS e ittt ittt e ereeneeenenssseanssaresnonaesnonsasoasannans 149
5.3.3 Effectiveness based on comparison of rear and side impact
TNJUrY P . ittt i irerenetaenensnenensnsocansansonnnnens 154
5308 SUMMAN Y ettt ettt it it ieesvaesioaseosasoenaanansossassonareanns 159
5.4 Analys1s of Fatal Accident Reportlng System data...........ovvvunen, 161
5.1 Method. .oviiiiii ittt i eerttriittiniarateanransonans e 162
5.4.2 Results of the contlngency table analyses...ivvieeneennnan, ....165
5.4.3 Results of the regression analysSeS.....covevveeenrerereenenesaa170

5.4.4 Analysis of rear impact fatalities per million vehicle years..175

iv



5.5 The long-term trend in fatal rear-end collisions......cvvviiiviiennnnns 178

5.6 Analysis of 1972, 74 and 77 Texas accident data..... et 181
5.6.1 Overview and mobivabaon. .. i iiiniiitierrraenneneenneians 181
5.6.2 Rear wmpact njury rales in 1968 versus 1969 models............. 183
5.6.3 Regression of rear wmpact injury rates..........oiiiiiiiiae 187
5.6.4 PRear and side wmpact injury rates n 1967-68 versus 1969-70

00 T = PR 194
5.6.5 The overall effectiveness of head restraints.................... 198
5.6.6 Summary of findings...v.viiiieiienrieinereonrootncearananensones 201

EFFECTIVENESS COMPARISONS OF INTEGRAL AND ADJUSTABLE HEAD RESTRAINTS........ 203

6.1 Earlier comparative StUdieS...c.ur i ieirireereneaensonenanens '...fr ..... 203

6.2 Analysis of National Crash Severity Study data........ccoiiviiiiiinen. 206

6.3 Analysis of 1972, 74 and 77 Texas accident data.......cccvuivvenn, e 212
B.3.1 MethOod. ... irit ittt ittt itnreereaenonanassanonencsasnannss 212
6.3.2 Results - integral versus adjustable restraints................. 216
6.3.3 Results - ntegral versus no restraints.........cociiiiiiniiinen 221
.3 SUMMAY Y sttt ettt ceuneennesoassasssasassssssanossseensssensssons 225

THE ACTUAL COSTS AND BENEFITS OF HEAD RESTRAINTS. .. iuviiiiiiniinennnnnnannns 227

A R 0 035 = o8 A =S 227

7.2 The cost of head restraints. .. ..ttt it reneieonratnnsanssnasnes 228
7.2.1 Procedure for estmmating coStS. .o ittt iiiiiiiiiieniiienns 228
7.2.2 Average and total COSt....ineiiiiiiiiiniiiienentnerenenonasonens 233

7.3 The benefits of head restraints.......covivniiiivnnennnns ereseeeeaeas 237

7.4 CoSt-effeCtIVENES S . ittt i ittt iantneoneasseantoesnasasasanaanns 245

THE EFFECT OF HEAD RESTRAINT HEIGHT ON INJURY RISK.....eoriiieriiiernennennns 251

8.1 Anthropometric CoONSiderat ons ... oo i i iieneenronsnosaronsescssonsass 251

8.2 Sled and crash test results. . vttt iiineenossnesenscnsasasons 254

8.3 Results from the National Crash Severity Study........cciviiiiiiinnnenns 257
8.3.1 Distribution of seatback heights......coiieiiiiiiiiiiiiiiininnn, 257
8.3.2 Seatback height and Injury risk...cceeiiiiiiiieiiniinerennennnns 264

8.4 Computations based on Texas effectiveness and NCSS seatback
0T T 1) 268
8.4.1 Head restraint height and injury risk.....covuiveiieinnreennnnens 268
8.4.2 Effect of positioning adjustable restraints properly............ 277
8.4.3 The effects of raising or lowering height requirements.......... 277



References....... et tes ettt e e e veees

Appendix A: Programs
Appendix B: Programs
Appendix C: Programs
Appendix D: Programs

Appendix E: Programs

*Unpub11shed computer

and tables
and tables
and tables
and tables

and tables

printouts

for Texas effectiveness analysesS.............

for NCSS effectiveness analyses..............

for FARS effectiveness analyses......... R

for NASS estimates of injuries

---------------

- 285

*

*

on head restraint height vs. njury PISK. ...

vi



5-2
5-3

5-4
5-5

5-7

LIST OF TABLES

Injury severity in rear impacts versus other crash modes: front

outboard passenger Car OCCUPANES. .. veerereeeeernreneneonoernennnennnnn 15
Percent of cars with integral restraints, by model year and seat 29
PO ittt i i e ittt i testtenessevonatoastnanenosasoananssoanneas
Effectiveness of head restraints......c.vcviiinnirinineinnenenennanes 29
Results of head restraint effectiveness analyses.........c.cvevveennn. 33
Benefits of head restraints.......ccvieuviiiiiiiineiineennernnnnnanenns 37
Average cost per car for head T L T 39
Cost~effectiveness of head restraints.........cciiiiieiininrnnennenn. 1
Injured front outboard occupants of passenger cars, by crash mode '

and vehicle towaway status, NASS ... i iuiiriiniiriireiioennennnansns 61
Injured front outboard occupants of nontowaway passenger cars, by

crash mode and neck whiplash status, NASS.......ciiiriiiiriniiinnnnnn. 61

Number of injuries that would have occurred in 1979 without head
restraints, by severity level: rear impacts versus other crash

modes: front outboard occupants of passenger cars........coeeeeeeues. 72
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............ i. 78
Whiplash versus nonwhiplash injuries, drivers and right front

passengers in rear impacts, NASS 1979. . ... iereir i iirareennnnnnnas 86
Source of most severe injury, nonhospitalized d~ivers and right

front passengers in rear impacts, NASS 1979. .. .cciiiiiiiiiinninnannnns 88
Source of most severe injury, hospitalized drivers and right front
passengers in rear impacts, NCSS.....vviiiiiriiiiiiiiiiiiiinneennnnns 90
NCSS injury rates by Delta V: rear impacts versus frontals........... 97
Percent of cars with integral restraints, by model year and

MATKEE ClaSS . et ettt ineneneenerennesonesenneonoeeneneanaeoaoesnnennnnes 114
Percent of cars with integral restraints by model year and front

SEAL tYPE, NCSS .ttt ittt it it it ittt ereennanesaaennronasnnnns 117

Claimed neck injuries to drivers of 1966-70 cars struck in the
rear, by head restraint ava11ab111ty, Los Angeles area State

Farm c1aims, 1970, .. ..iuuiuviniiniinniniinniniiiiiiniiiienaennns 126
Wh1p1ash injury rates of drivers and right-front passengers in rear
1mpacts, by head restraint availability, Rochester, winter 1972...... 130

Neck injury rates of drivers and right-front passengers in rear
impacts, by head restraint availability, 14 North Carolina

COUNETES, 1072-73. ittt tiiiee i eeeeeaieneaeineneanenerneneanai.. 131
Injury rates in rear impacts of passenger cars, by head restraint
installation, drivers and right front passengers, NCSS............... 137
Models selected for analysis of NCSS; any head restraint

T Z S <1 1T 142
Effectiveness of head restraints and confidence bounds:

multidimensional contingency table analysis of NCSS.........cvuven... 142
Driver injury rates in rear impacts of 1965-72 passenger cars,

by head restraint installation, Texas 1972.......ccciiiiiiiiinninen.s 148

vii



5-8
5-9

5-10
5-11
5-12
5-13
5-14
5-15
5-16

5-17
5-18

5-19
5-20

Models selected for best fit: 6-way analysis of 1972 Texas

AT TMPAC LS 1 v ettt sttt et es et tanenerannnersonnneeseonnsesennennesenns 151
Effectiveness of head restraints and confidence bounds: multi-
dimensional contingency table analysis of rear impacts,

TeXAS 1972 i it ittt i e ittt naseesonreoeeseanesaasnnnaasnannsnnnae 153
Effectiveness of head restraints and confidence bounds, based on-
comparison of rear and side impact injury rates......................156
Passenger fatalities in frontal impacts and occupant fatalities

in rear impacts of 1965-71 passenger cars, FARS 1975-80.............. 165
Passenger fatalities in frontal impacts and occupant fatalities in

rear impacts of 1965-71 passenger cars, FARS, by calendar year....... 167
Passenger fatalities in frontal impacts and driver and right-front
passenger fatalities in rear impacts, FARS 1975-80................... 169
Side vs. rear impact occupant fatalities in 1965-71 passenger

CarS, FARS T1975-801 ..t ivnerenerrnenanenorenaesoeansesnessessnnsanns 170
Percent of cars with head restraints and side door beams, by

MOGET JEAT, NCSSn et vttt et teeeeeeeeeneeeneaaeeaneseaneaneannennnns 172
Rear impact fatality rates in 1965-71 passenger cars during

197580 e e et ettt e et e e e ettty 175
Fatal rear-end colTisions, 1966-80.......ooveosommsssoiiinnni, 179
Driver injury rates in rear impacts of 1968 and 1969 passenger

cars, Texas 1972, 74 and 77 .. ..ccuiirieeinereeerieennneennaannnnnns 183
Head restraint installation by model year, crash-involved cars,

Nl S S e sttt heresereeoeneeeeeseeanneesosssasaennessnnosnnnnesnsasanss 184
Driver injury rates in rear and side impacts of 1967-68 and 1969-70
passenger cars, Texas 1972, 74 and 77.....cu e iuneenennennnnnnenasns 195
Injury rates in rear impacts of Standard 202 cars, by head restraint
type, drivers and right front passengers, NCSS.........ccovivvinnnn., 207
Models selected for analysis of NCSS: integral vs. adjustable
PSP AT NS e vt i ettt tett e e ateesennnessoeanoneennneseennnnesennnnnans 209
Effectiveness of integral restraints relative to adjustable

PESErATNES, NCSS .ttt ettt ittt eteeerseenanserenanoenennnoernnnnnens 210
Driver injury rates in rear impacts by head restraint type,

Texas 1972, 74 and 77 . ... nierriieetieeneerenneesensnsessanensneenns 214
Numbers of injuries predicted by the model, by subfile and ,
PESErATNE ClASS ettt vt ve et eesnernnenneneesoennanosnnenoennnennnns ..218
Effectiveness of integral and adjustable head restraints for drivers

in rear impact crashes, Texas 72, 74 and 77 .......................... 226
Passenger car sales by year and percent of cars with integral
restraints, United States, 1969-78....cc.vrerrurrnrnnerrnnnernennn. ...235
Benefits of head restraints. ....uueerereeeerennenreeeeeeerernnnnnns 243
Cost-effectiveness of head restraints...............ooooivii it ...247
Cumulative NCSS distributions of seatback height by head restraint 258
107 2 P
Cumulative NCSS distributions of seatback height as a percentage

of occupant height, by head restraint type.......oeeevieeneeennnn v, ..261

o ovidi



8~3

8-5
8-6

i

Coefficients of regression of neck injury by relative seatback

height, NCSS....... e b e e ettt ee e et ee ettt
Coefficients of regress1on of injury by relative seatback

height, NCSS. .. vttt rir it inrerertnsoetnenroerosassnsnssesanonns
Plausible re]at1onsh1ps of seatback height and injury risk.........
Injury reduction - relative to current Standard 202 cars - for
integral restraints, by seatback height........c..ciiiiiiiiiiin,

ix






2-1

LIST OF FIGURES

Injury reduction relative to current head restraints, for
integral restraints, by seatback height........... ..o, SR

Percent of cars with integral restraints, by model year and
MATKEE CTASS . ettt ittt ittt ittt eernesanensosesocarunsnnnsennsensnes
Percent of cars with integral restraints, by model year and front

Seat Lype, NCSS .. ittt it ittt iesaentesnssnsanoensoansanennns
Elements of consumer CoSt......vveinirernnnrneneensnrosarasnnnnnns e
Head restraints: summary of component cost and weight data....... e

Cumulative NCSS distributions of seatback height, by head

restraint Bype. . it i i i ittt ittt ittt s
Cumulative NCSS distributions of seatback height as a percentage

of occupant height, by restraint type.....cvviiiiiiiiiiiiiiiiinnnnn..
Point estimate and confidence envelope for relationship of

seatback height to TNJury risK...ouei i iiniiiinnenerireeeneeneenenans
Injury reduction relative %fo current Standard 202 cars, for 1ntegra1
restraints, by seatback height.......... ... oottt P

Xi

-






ACIR
AIS
ANPRM
BMDP
cbC
cov
cY

df
FARS
FMVSS
GM
GSA
HSRC
K+A
K+A+B
MDAT
MY
NAS
NASS
NCSS
NHTSA

PDOF
SAE
TAD

LIST OF ABBREVIATIONS

Automotive Crash Injury Research
Abbreviated Injury Scale

Advance Notice of Proposed Rulemaking
Biomedical prograris (P series)

Collision Deformation Classification
covariance

Calendar Year

degrees of freedom

Fatal Accident Reporting System

Federal Motor Vehicle Safety Standard
General Motors

General Services Administration

‘Highway Safety Research Center

fatal and serious injuries (police rated)
nonminor injuries (police rated)
Multidisciplinary Accident Investigatjon
Model Year

National Accident Summary

National Accident Sampling System
National Crash Severity Study

National Highway Traffic Safety
Administration

Principal Direction Of Force
Society of Automotive Engineers

Traffic Accident Data project accident
severity scale ‘

X171



UCLA University of California at Los Angeles

var variance

Xiv



ACKNOWLEDGEMENTS
é
I thank Bob Blodgett, Ezio Cerrelli and Dan Najjar of the National Center
for Statistics and Analysis for their guidance on using the Center's accjdent
data files. Furthermore, Bob reviewed the statistical portions of the

manuscript.

Or. John Garrett of Calspan Field Services, Inc., resolved my questions on

National Crash Severity Study data elements.

The following Agency staff engineers advised me during my initial research
and subsequently reviewed the manuscript: Ralph Hitchcock, Guy Hunter and
Bob Nelson, Rulemaking; John Morris, Research and Development; Roy Shannon,

Enforcement; and Bob Lemmer, Plans and Programs.

Alleyne Monkman and Michele Stewart typed the report.

XV






EXECUTIVE SUMMARY

Whiplash 1s one of the most common and annoying types of
njuries n motor vehicle crashes. [t 1s by far the predominant njury
in rear wmpact crashes. During the 1960's, more than 400,000 persons a
year suffered whiplash when their car was struck in the rear. In the
most commoh form of whiplash, crash forces jerk the victim's head
rearward, past the top of the seatback, twisting and injuring the
neck .

The logical response to this problem 3s to effectively
raise the seatback and prevent excessive rearward motion of the head.
During the 1950's and 1960's, motor vehicle manufacturers and safety
research institutions, with the advice of the medical community,
devised head restraints which serve the purpose of extending the
seatback. 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.

The General Services Administration mandated head
restraints for the front outboard seats of Government cars 1n 1966 and
established criteria for testing the performance of restraints. In
1968, the National Highway Traffic Safety Administration established a
head restraint requirement for all passenger cars sold in the United
States after January 1, 1969. The requirement and its associated test

criteria were promulgated as Federal Motor Vehicle Safety Standard 202.

Fia,
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Executive Order 12291 (February 1981) requires agencies to
evaluate their existing major requlations, including any rule whose annual
effect on the;economy 15 $100 mallion or more. This study 1s an evalUét1on

of the head réstr%1nts installed n response to Standard 202, based on the

i

actual operating experience of passenger cars. The evaluation objectives
are:

(1) Estimating the benefits of head restraints - the number of
Injuries they have eliminated n highway accidents.

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

(3) Assessing cost-effectiveness.

(4) Comparing the performance of 1ntegral and adjustable
restraints. |

(5) Comparing the compliance requirements and test
performance of head restraints to thewr actual performance 1n highway
accidents.

(6) Explaining why head restraints are (or are not)
effective; identifying their principal shortcomings.

(7) Exploring the sensitivity of head restraint effectiveness

to changes in seatback height.

The injury reduction due to head restraints was estimated
principally by analyzing three years of Texas accident files. The National
Crash Severity Study (NCSS) and a published analysis of insurance c1a1m
f1les provided additional information on injury reduction. NCSS also
supplied information on the height and positioning of head restraints 1n

crash-involved cars. The National Accident Sampling System (NASS) yielded a

national estimate of the number of persons injured n rear wmpact crashes
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during 1979. The effect of head restraints on fatalities was studied by
analyzing Fatal Accident Reporting System (FARS) files for 1975-80, the
Multidisciplinary Accident Investigation file and long-term fatal accident
trends. The cost of head restraints was calculated by disassembiing and
analyzing the individual components of a representative sample of head.
restraints ané $eatbacks. Detailed sales data for head restraints in model

i

years 1977-81 were acquired and studied.

The results from the Texas, NCSS, NASS and FARS analyses were
compared to published statistical studies of head restraints, including a
major study of insurance 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 studied. The conclusions of
this evaluation are based on all of the information 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 impact crashes.
(2) Integral seats are significantly more effective than adjustable
restraints. The first conclusion is based on statistically significant
findings from Texas and insurance claim files. The second is 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 Sampling System and

XiX



nther detailed files did not contain a large cnough sample of cars w1ﬁhout
head.restravnts (1.e., pre model year 1969) for statistically meaningful
effectiveness comparisons of head restraints versus no head restra1nt$. As a
result, 1t was necessary to rely on State data which do not explicitly
distinguish whiplash from other injuries and which are suspected of '
reporting biases, especially for older cars. A major analytic effort was
devoted to femov1ng or minimizing the biases, so as to make the
effectiveness estimates as accurate as possible. This efﬁort resulted n
 some statistically complex estimates for which only approximate, rather than

exact, confidence bounds were obtained.

The conclusions on why head restraints have been effective are
ntuitive judgements based on a thorough review of thé é¢vailable data
" sources. The conclusion on why integral restraints have not c1a1m¢d a:]arger
| shére of the market 15 based on analysis Qf sales data, not on a d1recf
survey of consumer attitudes. The findings on the relationship between
restraint height and 1njury risk are based on a statistical model which, at

this time;, 1s just partly verified by in-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 restralqts, 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 impact crash injuries 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

o 73 percent of the injuries occurred in nontowaway crashes.

o The types of injuries 1n 1979 were:

Percent of Victims

Whiplash 60
Whiplash plus other injuries .18
Nonwhiplash 22

o 35 percent of the injuries were not listed in police

reports.

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

o 28 percent of the cars sold during 1969-81 had 1integral head

restraints.

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

percent by 1981.

j
ki

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 integral seatbacks are 28 1inches or taller —;1.e.,

they exceed the minimum height requirement of Standard 202..
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Effectiveness of head restraints

0 Head restraints reduced the overall risk of driver 1ﬁjury$1n

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 1integral 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

i
passengers njured 1n rear wmpacts n 1979, 1f none of the

cars were equipped with head restraints. If all cars had
been equipped with them, this number would have been reduced
as follows:

Number of Injuries

Prevented Confidence Bounds

Fleet of 100 percent integral

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 restraints, per car, 1n 1981

dollars:
Car Purchase Lifetime Fuel Lifetime
Price Increase Consumpton* 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

o 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
victws' economic losses and pain and suffering 1s $2150.
Thus, $670-2150 1s a reasonable price for avoiding whip]ésh, if
we accept societal costs and insurance compensation as pfox1es
for a range of what persons would be willing to pay to avoid
injuries. When $670-2150 per whiplash are divided into a
million dollars, we obtain a range of 460-1500 whiplashes. Thus
460-1500 whiplashes eliminated could be thought of as a
reasonable level of benefits per million dollars spent on

whiplash protection.
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9 The number of njuries elwmnated by a myllwon dotlars worth

of head restraints s

Injuries Eliminated Per
Million Dollars of Cost

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

Effectiveness as a function of head restraint height

Confidence Bounds

360 to 1060
40 to 220
90 to 310

0 Increases n the height of restraints would achieve the following

" reductions relative to the jury risk with the current mix of

Integral, properly positioned and mispositioned adjustable

restraints:

He1ght of the Injury Reduction Relative
Restraints* to Current Restraint Mix (%) Confidence Bounds
31 1inches 9 2 to 23 .
30 1nches 8 2 to 18
29 nches 7 2 to 11
28 nches 4 2 to 6

' &
*As positioned by the occupant
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Conclusions

Effectiveness of head restraints

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

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.

o The restraints do not appear to have had any unforeseen
benefits, such as reducwng rear wmpact fatalities, nonwhiplash

njuries, or forms of whiplash other than hyperextension.

o The restraints dornot appear to have any significant negative
si1de-effects, such as increasing rear wmpact fatalities,
aggravating rear-seat occupants' injuries in 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

0

Integral seats are nearly twice as effective as
adjustable restraints, The difference can be
attributed to the failures by occupants to pdsition
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 injuries

per dollar of cost than adjustable restraints.

Adjustable restraints, despite their higher cost and
lower henefit, continue 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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CHAPTIR ]
INTRODUCTTON

1.1 Federal Motor Vehicle Safety Standards - the program and its

evaluat ion

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. Each 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 National 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 "unreasonable" 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 controlled 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 minimum requirements. They may provide édd1tlona1:
safety equ1bment which generally mitigates the highway safeéy problem
addressed by the standard but 1s not actually needed to meet the specific
compliance test requirements,

The Government, the motor vehicle manufacturers and independent
researchers have contributed to the development of motor vehicle
standards. In the case of the early (1968-69) standards especially, 1t
was the motor veh1c1e industry that conducted or sponsored much of the
research and sought self-regulation through the Society of Automot 1ve
Engineers' Recoﬁpen%éd Practices. The Government subsequently
promulgated performance requirements that many vehicles were already
meeting or exceeding.

In 1975, the NHTSA Administrator directed the Office of Program
Evaluation to evaluate existing Federal Motor Vehicle Safety Standards
[44]. The specific objeétives of each evaluation were |

(1) To determine 1f arstandard was actually performing as
intended.

(2) To determine benefits and costs.

Since 1975, the Agency has received a number of directives to
continue reviewing 1ts existing standards. In mid-1981, the extent
Tegislation and orders governing the review are:

Executive Order 12291, dated February 17, 1981, requires
agencies to 1nitiate reviews of ex1st1ng regulations and perform
Regulatory Impact Analyses of existing major rules [29]. "Major" rules
1nclude, among others, those which result 1n an annual effect on the
economy of $100 million or more. The Regulatory Impact Analysis shall

determine the actual costs and actual benefits of the existing rule and



the potential costs and henefits of viable alternatives to the current
rule, 1f any exist. The Analysis must test whether: (1) The beneéwts ¥
to society of the existing rule outweigh the costs. (2) The net benefits
of the existing rule exceed the;net benefits of the potentially viable
alternatives. (3) The rule, 1n combination with the Agency's other
requlations, maximizes the aggregate net benefits to society taking 1into
account the condition of the particular industries affected by
regulations, the condition of the national economy, and other regulatory
act1ons 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 existing regulations are n progress or
planned and their target completion dates [30]. !

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 evaluation [28].

The Regulatory Flexibility Act of 1980 requires that
evaluations of existing requlations also consider their economic impact
and administrative burden on small businesses [57]. Most safety
standards, however, primarily affect the major manufacturers and have
1ittle 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 vrecommendal ion in public and intra-Agency reviews of
the 214 evaluation was Lhal fulure veports should include in-depth
analyses of why a standard has becn effective or what have been ils
Shortcomings - including, 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 Standards for Passenger Car
Steering Assembliés: 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 1is Standard 2027

Federal Motor Vehicle Safety Standard 202, which became
effective for the front outboard seats of passenger cars manufactured
after January 1, 1969, aims to prevent excessive rearward motion of the
occupant's hegd 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 aré
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 available 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 202.

It is the objective of this evaluation to measure the costs and
henefits of all the head restraints that are actually in cars on the
road, including cars that were voluntarily equipped with restraints before
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 reascn 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 evaluation 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 evaluation

Chapter 2 describes the principal findings and conclusions of the
evaluation. It also summarizes why head restraints have been effective and
assesses the st}engths 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 reviews the history of head restraints from their
initial development to their current sales 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 separately for
adjustable and integral restraints.

Chapter 8 examines the relationship between head restraint
height and injury risk. This rélationship 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 ]1terature.on laboratory 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 peréent 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 wmpact crash injuries 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

o 73 percent of the injuries occurred in nontowaway crashes.

o The types of injuries in 1979 were:

Percent of Victims

Whiplash 60
Whiplash plus other injuries 18
Nonwhiplash 22

0 35 percent of the injuries were not listed in police

reports.

0 MWhiplash victims missed an average of 4 days of work.



Sales of integral restraints

o 28 percent of the cars sold during 1969-81l had integral 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.

Height 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 is less than 27.3 inches.

‘0 85 percent of integral seatbacks are 28 inches or taller - i.e.,

they exceed the minimum height requirement of Standard 202.



Effectiveness of head restraints

0 Head restraints reduced the overall risk of driver njury in

rear wmpacts, 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 in 1979, if none of the
cars were equipped with head restraints. If all cars had
been equipped with them, this number would hive beén 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

0o The average consumer cost of head restraints, per car, 1n 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 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
victws' economic losses and pain and suffering is $2150.

Thus, $670-2150 is a reasonable price for avoiding whiplash, if
we éccept 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 into a
million dollars, we obtain a range of 460-1500 whiplashes. Thus
460-1500 whiplashes eliminated could be thought of as a A
reasonable level of benefits per million dollars spent on °

whiplash protection.

1



o The number of 1injuries eliminated by a m1ll1ob dollars worth

of head restraints 1is

Injuries Eliminated Per
Mi1lion Dollars of Cost

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

Effectiveness as a function of head restraint height

Confidence Bounds

360 to 1060
40 to 220
90 to 310

0 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‘1nches 9 2 to 23
30 inches 8 2 to 18
29 inches 7 2 to 11
28 inches 4 2to6

*As positioned by the occupant
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2.2 Discussion of findings

2.2.1 The problem: 1njuries in réar impact crashes

Standard 202 was promulgated to reduce the frequency and
severity of neck injuries to drivers and right front occupants of
passenger Ears in rear impact crashes. Pre-standard seats, in general,
did a good job protecting occupants from serious injury. The seatback
1s a 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 torso in place. The
resultant strain on the neck may produce a variety of injury symptoms
known collectively as "whiplash."

The starting point for the evaluation is to determine the
number of drivers and right-front occupants of passenger cars who would
be injured in rear impact 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 equipped'
with head restraints (but the accident environment was otherwise that
of 1979)?

The National Accident Sampling System (NASS) 1s a probability
sample of the Nation's accidents during 1979. From this file, it 1is |

possible to obtain directly an estimate of 446,000 drivers and
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right-front passengers who were actually njured n rear mpacts n

1979 (confidence hounds: 330,000 to 560,000). By that tme, however; 86
percent of the cars on the highway had head restraints. The average -
effectiveness of head restra1nts in cars on the road during 1979 was 12.8
percent. If none of the cars had been equipped with head restra1nts,:the
number of casga]tles would have ncreased to 502,000 (confidence bounds:

370,000 to 640,000 - one sided&X= .05, see Section 3.1.2).

The National Accident Summary (NAS) 1s 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 1s obtained - a quantity well within the confidence

bounds of the NASS estimate (see Section 3.1.3).

Rear mmpact crash injuries are, on the average, less severe
than injuries 1in other crash modes. The seat and seatback, as
mentioned 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 in opposite directions - the mostvdAngerous crash

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

(See Section 3.2 for Ffurther discussion.)

TABLE 2-1
INJURY SEVERITY IN REAR IMPACTS VERSUS OTHER CRASH

MODES: FRONT OUTBOARD PASSENGER CAR OCCUPANTS, 1979 i

Rear Impacts Other Crash Modes-

Treatment/Mortality N Column % N Column %
Fatal 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
Injured-but not treated 220,000 = 44 970,000 42

TOTALS 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 low severity crashes: 73 percent of the injuries
occur in nontowaway crashes. By contrast, in other crash modes, only
32 percent of the injuries are in nontowaways. This is because it
doesn't take a high crash velocity to produce whiplash, the most common

type of rear impact crash injury.
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Whiplash 1s a noncontact njury to tissues n the neck: the
muscles, Tigaments or vertebrae. [IL happens when crash forces cause
displacement or rotation of the head velative to the torso to the
degree that the neck 1s extended, twisted or flexed beyond 1ts normal.
range of motion. (See Section 3.3.1 for further discussion.)

The most common form of whiplash in a rear mmpact 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 is the principal injury mechanism
that head restraints are designed to mitigate. |

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

Neck pain and stiffness 1s the most common whiplash symptom.
But tnvolvement 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 whiplash may last
anywhere from several days to a year. Whiplash victims in the National
Crash Severity Study missed an average of 4 days of work.

Whiplash symptoms often take hours or days to appear.
Partially 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 in rear impact
. crashes had whiplash symptoms. That includes 60 percent with

whiplash-related injuries exclusively plus 18 percent with whiplash and
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nonwh1p1ash%1njur1es. Since, 1n 1979, head restraints were 1nstalled n
86 percent of the cars on the road, it may be presumed that the
preponderance of whiplash relative to other injuries was even greater
prior to Standard 202. (See Section.3.3.3 for further discussion.)

The nonwhiplash 1njury mechanisms that are known to occur in
rear mpacts are:

0 Rebounding from the seat and striking the stéering

assembly, windshield, etc.

0 Ramping: crash forces propel the occupant up toward the
roof - or toward the back seat 1f the front seat tilts

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

As 1injury 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 fatalities that have been fully documented (28)
primarily involved occupant compartment collapse, fire, ejection and/or

ramping/seat failure (see Sections 3.3.3 and 3.3.4).
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2.2.2 Integral and adjustable restraints

A major objective of the evaluation 1s to compare the two main
types of head restraints - 1ntegral and adjustable - in regard to Lhewr
operational characteristics, market shares, their effectiveness (Section
2.2.3) and cost (2.2.4).

An integral restraint, most commonly, consists of little moré‘than
a seatback which, behind the driver's and right front seat positions, 1s
tall enough to meet or exceed the 27.5 inch height requirement of Standard
202 by itself, 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 percent of the cars sold in the United States had 1integral .
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 1s in the "up" position, but there is
no minimum height requirement for the "down" position (see Sections 4.2 and
4.3).

The principal safety advantage of integral restraints is that they
do not require action by the occupant to 11ft them to a level that provides
adequate support. This is 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 result, the

actua]’med1én height of adjustable restraints, 1n the positions in which
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they are set by occupants, 15 less than 26 inches. By contrast, the actua)
median height of integral restraints is over 28 inches. Since the median
height of pre-standard seatbacks was about 22 inches, adjustable seats 1n
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 integral 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 in laboratory fests [11] 1s that it may dbstruct a
shorter-than-average (e.g., 5 feet 2 inches) driver'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 integral restraints eliminate this problem, since no
laboratory data on them has been published. A related shortcoming, which
has been suggested 1in mnnufacturers' submissions to the Agency's public
dockets [65], 1s that integral restraints may contribute to a feeling of
1soTation between front and rear-seat occupants. Both of these problems are
presumably not so great in cars with bucket seats: partly, because it is
easier to see around a bucket seat; partly, because Standard 202 only places
a 6.75 inch 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, is negligible. 1In
that study, only 0.1 percent of the accidents were attributed to "vision
obstructions due to objects in or attached to vehicles" - a class that

1ncludes many objects besides head restraints.
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The manufacturers 1nitially 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 restraihts
ncreased from 9 percent in 1969 to 34 percent in 1972. During 1972,
integral restraints were installed not only on 71 percent of the cars with
bucket seats but also on 17 percent of the bench seats and 32 percent of the
split bench seats. After 1973, however, production of integral restraints
on bench and split bench seats waned rapidly. The market share for integral
restraints, which peaked at 39 percent in 1975, had dropped to 22 percént in
1978. In that year, 1integral restraints were 1installed 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 n 1980 and
leveled off to 33 percent 1n 198l.

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

o On the majority of makes and models, the customer has a choice
of adjustable or 1integral 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 includes

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

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

In view of these market trends and in the absence of actual
in-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 obstructions due to
integral restraints may be an nfluential factor for shorter-than-average
drivers (e.g., 5 feet 2 inches) but are probably of secondary mmportance for
the majority of customers. Consciously or, in most cases, unconsciously,
the majority of car buyers have apparently accepted the idea that adjustable
restraints should be one of the features of a deluxe seating 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 Split Bench  Bucket Seats
1969 9 0 0 27
1970 17 1 31 59
1971 28 7 35 65
1972 34 17 2 71
1973 35 7 17 82
1974 32 10 8 70
1975 39 8. ' / 76
1976 3l 3 3 o
1977 30 2 4 71
1978 22 4 0 56
1979 25 —_— WA ——

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 behind 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 1s not so clear that they would be effective against
other forms of whiplash, such as torsion, 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 dmminished because

0 An adjustable restraint was mispositioned by an occupant

o The restraint was not tall enough to support a tall

occupant's head

o Ramping by the occupant Tifted his head beyond the

restraint
o The occupant had been leaning far forward and his head was

unsupported during the injury-producing k1nemat1cs.

(For more discussion, see Section 4.4.)
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In view of these considerations, head restraints cannot be
expected to eliminate all rear impact crash njuries nor even all rear
mpact whiplash injuries but can be expected to eliminate a substantial
proportion of the 1njuries that involve rearward hyperextension 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 of 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 conta1n a large enough sample of:
pre-Standard cars for statistically meaningful results on head
restraint effectiveness (more discussion of NCSS may be found later 1in
this Section). Texas data were chosen in preference to other State
files available to the Agency because rear mmpacts are clearly
1dentified 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 1t 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 impacts to
no injury. Since Texas data do not specify the type or source of

njury, whiplash is not singled out from other kinds of injury. Since
the data do not describe the severity of the injuries (most rear impact

injuries in Texas are simply classified level "C" - minor), we cannot
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meaningfully estimate the effectiveness ¢f head restraints 1in reducing
severe injuries to less severe ones. Finally, the analysis 1s lmmited
to drivers because of data problems with right-front passengers in
Texas.  (For more discussion about Texas data, see Section 5.3.1.)

Two factors complicate the derivation of effectiveness
estimates. One is that the Texas data do not specify whether an
acc1dent-1nvblved car had ntegral, 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. It may be
due to other safety devices or an artifact of incomplete accident
reporting for older cars. 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 possible to calculate
the effectiveness of adjustable restraints and integral restraints

relative to no restraints.

25



(4) Take a weighted average of adjustable and ntegral
restra1nf effectiveness to obtain the effectiveness of the;currént
(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 just one type of
restraint. It was possible to draw a sample of 21,205 mostly compact
and subcompact cars involved in rear impacts wherein 96 percent had
integral restraints. It was likewise possible to find 17,758 cars of
comparable si1zes, 97 percent of which had adjustable restraints. (Inr
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 exclusively integral restraints in certain
years.)

Since the cars in the two samples are of the same ages, theré
is Tittle concern about age-related reporting biases. Multidimensional
contingency table analysis is used to remove the possible 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 in -
the two samples. |

The result of the analysis is that the driver overall 1njuryr

rate (n rear wmpacts) in cars with integral restraints 1s a
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statistically significant 7 percent lower than the rate for adjustable
restra1nts (confidence bounds: 2 to 12 percent). (An 1njury rate 1s
the number of njured drivers divided by the number of crash-involved
‘dr1veré.) Since adjustable restraints are so frequent]j mispositioned,
it 1s little wonder that integral restraints are more effective.

Step 2 (refer to Sections 5.6.1 and 5.6.2 and 3.5): The
1972, 74 and 77 Texas files were gleaned for rear impacts involving
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 drivers were 1injured.
This is an 8 percent reduction n the injury rate. Since the 1968
model cars are only 1 year older than the 1969 model cars, this
significant injury reduction 1s not due to vehicle age-related
reporting biases. Since no major safety devices (other than head
restraints) that affect rear wmpact injury risk were installed n 1969
cars but absent 1n 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
restra}nts and most 1968 models did not.

Step 3 (refer to Sections 5.6.2 and 6.3.3): In fact, 81
percent‘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 ti111 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,, I1, and Ip be
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the 1njury rate with no restraints, adjustable restraints and integral

restraints, respectively. .From Step 2, we found that

_ imura rede 1964 T 41l L,

-

nyrry cate 968 T T, ¢ 0oL, s, | O Percent

From Step 1, we found that

1 - — = ] percent

These two equations are solved to find the effectiveness of adjustable

restraints to no restraints,

| —  ——— =10 percent

and the effectiveness of integral restraints relative to no restraints

L

[~]

1 -

= 17 percent

H

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 adjustab]é
and integral restraints n cars on the road. The overall effect1venes§‘
of head restraints for cars on the road 1s the weighted average of the

adjustable and integral effectiveness found in Step 3, weighted by the -
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adjustable-integral 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 ntegral. Thus, the overall average effectiveness of

head restraints for cars on the road 1n 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 1s also about 13 percent. Table 2-3

provides the confidence bounds for this statistically significant effectiveness

estimate.
TABLE 2-3
EFFECTIVENESS OF HEAD RESTRAINTS
(Analysis of 1972, 74 and 1977 Texas data)
Overall Injury Reduction N
Bas1s 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

(werghted by 1978 crash involvement
rates) 13 7 to 19

Integral vs. adjustable 7 2 to 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 19638 and 1969 models alone. Two analysis procedures
that involve a wider range of model years were developed to check the résu]ts
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 is performed to
determine the injury rate as a funct1on of vehicle age and percent of cérs
with head restraints. The objective of the regression is 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 1njury
reduction for adjustable restraints (which is 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 19q7-6§ model cars.
There was a 15 percent reduction 1n rear impact injury r1§k and only a 6 percent
reduction in side impact njury risk. Under these specific c1rcumstancés
(viz., a comparison of 1969-70 and 1967-68 models in 1972, 74 and 77 acéidents),
it 15 not unfeasonab]e 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 reflects injury reductions due to reporting biases dr safety
devices other than head restraints. Our assessment of the appropriateness of a
si1de impact control group 1s based on a standard-by-standard review of safety
devices in the 1966-70 model cars (Section 3.5) and an analysis of vehid]e
age-related reporting biases (the Tast part of Section 5.6.3). Thus, by this
procedure, the effect1venes§ of adjustable restraints is estimated to be 10

percent {the same as for Steps 2 and 3).
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Prior to this evaluation, one statistical analysis of head restraints
had beén performed which involved a sample of accidents Targe enough for precise
results. B. 0'Nevll et al. analyzed insurance clawms for rear wpact crashes of
0-4 year old cars n the Los Angeles area during 1979 [54]. In the pre-standard
cars, 29 percent of the crash-involved drivers clammed they had a neck injury;
in 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 njury reduction is highly consistent with the 13 percent
overall njury reduction observed in the Texas analysis, in view of the fact
that 80 percent of the rear impact njury victims had whiplash.

| The Nat10na1 Crash Severity Study (NCSS) is a probability sample of
. towaway accidents. The sample of rear mpact crashes involving pre-Standard
cars was far too small for a statistically meaningful analysis of head restraint
effectiveness: there were only 967 (unweighted) front outboard occupants of
cars struck in the rear and only 179 of them were in pre-standard cars.
Multidimensional cont1ngency table analysis was used to estimate the 1njury
reduction due to head restraints. The results were: no change in overall
injury 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 1s
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 is
20 percent lower with integral seats than with adjustable ones (confidence
bounds: 5 to 33 percent) and the neck injury risk is 25 percent lower

(confidence bounds: 2 to 43 percent - see Section 6.2).
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Five stalistical studies on neck wnjury reduction were performed
‘prior to this evqluat1on on n-depth accident samples that were even smaller
than NCSS [13], [31]; [32], [46], [61]. Their results, which were generally
consistent with the large sample studies, are summarized in Table 2-4. The
weighted avérage 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 afe suspected of biases; one nvolved a regression with excessively
correlated independent variables [39]; the other used incompatible data files

for the pre- and post-standard cases [4]. All of the studies are reviewed 1n

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. nsurance claims, 1970 [54] 18 10 to 25 5.1.

F)
=

SMALL SAMPLE - OVERALL INJURY REDUCTION

f

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
MDAT [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 SERIOUS 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 ol = .05

**yarijous procedures were used
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Since the predominance of whiplash-type njuries sharply decreases
as njury severity increases, 1t 1s reasonable to expect head restraints to
be relatively less effective i mitigating serious Injuries. Serious anjury
reduction was estimated using Texas files ("K" or "A" 1njuries) é%d NCSS |
(hospitalizations). Because serious casualties are uncommon In 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 ake
shown in Table 2-2.

There has been concern that head restraints could pose an injury
hazard to rear seat occupants in frontal crashes. Two statistical analyses
suggest that the hazard, if any, 1s negligible [31], [63] (See Section 4.4).

There have been 28 fatalities 1n rear impact crashes for which
in-depth Information on the causes of death 1s ava11ab1e., (These cases,
investigated by multidisplinary, NCSS or NASS teams dur1n§ 1968-79, are less
than 1 percent of the rear wmpact fatalities that have occurred 1n theVUn1ted
States during that period.) A case-by-case review (see Section 3.3.4)
suggests that the possible effect of head restraints on fatalities is small
(viz., they might have made a difference 1n 3 of the 28 cases) and does not
indicate whether the effect, 1f any, 1s beneficial or detrimental.
Statistical analyses of accident data produce smmilar 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 tg other fatal
collisions (see Section 5.5). The effect of head restraints on fatalities

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 1in the base year 1979 1f_gll;
cars on the road had been equipped with restraints - assuming the same
mix of integral, properly positioned and mispositioned adjustable
restraints that éctua]]y prevailled 1n the restraint-equipped cars that
were on the road during that year.

- Since there would have been 502,000 rear mmpact injuries 1n
1979 1f 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 eliminated (confidence bounds: 28,000 to 100,000 - see
Section 7.3). |
Table 2-5 shows that a 100 percent integral restraint fleet
would result n annual benefits of 85,000 1njuries elwminated; a 100
percent adjustable restraint fleet would eliminate only 52,000 1njur1es
~ ‘assuming occupants position the restraints at the levels actually
observed 1n 1979. Table 2-5 also breaks down the benefits by seat
position: Jjust under 75 percent of the benefits accrue to drivers; the
rema1nder‘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., 1n cars that were sold up to that date.

The costs are expressed 1n 1981 dollars.
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The cost of head restramts s the net increase n the
Tifetime cost of owning and operaling an automobile. There are two
principal sources of 1ncreased cost:

(1) The consumer price 1ncrease‘due to the addition of head »

restraints

(2) The lifetime increase n fuel consumption 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 materials, labor, tooling, |
assembly, overhead, manufacturer's and dealer's markups and taxes. A
sales weighted average was used to determine the overall cost and we1ght
per car, for integral and adjustable restraints and for all 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 fu¢1 prices, this amounts to a $1.51 penalty per added pound.
At 1981 fuel prices, this amounts to a $1.51 penalty per added

pound.
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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 installation of head restraints added
an average of $32 (1n 1981 dollars) to the 1i1fetwme cost of owning
and operating a car. This 1s the average for cars on the road 1in
1979: a fleet that was 28 percent integral and 72 percent adjustable
restraints. (The same mix prevailled 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, because 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 were sold annually during

the 1970's, the annual average cost of head restraints was $324

m11Tion ($32.35 x 10,000,000).
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If all cars on the road had heen equipped with integral
restraints, the annual cost would have been just $123 million; & 100

i
percent adjustable restraint fleet would cost $401 million per year.

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

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

1979-81 mix of head restraints elwminates 64,000 injuries per year
(Table 2-5) and costs $324 mi1lion per year (in 1981 dollars), the
‘cost-effect1venes§ 1S

GWIOOC;/%Q? = 200 njuries eliminated per million dollars

The confidence bounds (one-sided &L= .05) are 90-310 njuries per million
dollars. |
Integral restraints eliminate 690 injuries per million dollars
(confidence bounds: 360-1060); adjustable restraints, only 130 (confidence
bounds: 40-220). Thus, ntegral restraints are significantly more |
cost-effective than adjustable restraints.
Table 2-7 gives.a further breakdown of cost-effectiveness by
reétra1nt type and seat position. Since the restraints for the driver
and right-front passenger are usua]]y jdentical, half of the total cost
is assigned to each position. (This 1s not meant to be a cost éstdmaté
for a hypothetical vehicle with only one restraint-equipped position,
SUt an assignment of costs, by position, for existing vehicles.) Cost-
effectiveness ranges from 1020 injuries eliminated per million dollars
worth of drivers' integral restraints down to 60 for passengers' adjuétable

restraints.
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What is a "reasonable" price range for consumers to pay in
order to avold a whiplash 1njury? To a 1mmted extent, this can be
answered by examining the societal costs and Tiability payments for rear
mpact njuries. The societal costs of rear wmpact 1njuries (medical costs
lost wages, legal and insurance administration costs) were found to average
approximately $670 in 1981 dollars. Liability payments for whiplash, which
include compensation for the victim's pain and suffering as well as the
economic losses, averaged $2153 1n 1981 dollars. These two estimates (when
divided 1nto a million dollars) establish a range of 460-~1500 whiplashes
eliminated as a reasonable level of benefits per million dollars 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 restraints 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 What is the relation between head restraint height and

injury reduction?

o To what extent is adjustable restraint performance degraded

because occupants misposition them?

o What would be tHe effect of making restraints taller (or

shorter)?
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Anthropometric study of Lhe 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.g., 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 all. 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 1s not an "all or
‘nothing" proposition. An adjustable restraint in the "down" position
(typ1ca11y‘26 1nches) still provides partial support for a 64 inch
occupanf; 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 1n the "down" position by the
occupants, they are still providing partial benefits in this position,

The results of a 11%1ted number of sled tests with 22, 24, 26
and 28 inch restraints and 70 inch dummies appear to be quite 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 n the seat, thereby effectively
lowering the restraint. If ramping is a significant problem in

highway crashes, 1t would take restraints that are greater than 39
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percent of the occupant's stending 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. It'f
is possible to perform a regression on injury severity as a function of:
restraint héight divided by occupant height. The NCSS sample size,
howevef, 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 pércent of
occupants' height. Effectiveness increases to a much ]es;eﬁ extent as:
their height is increased beyond 39 percent of occupants' height (see
Section 8.3.2).

Since NCSS, by itself, 1s too small 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 relative
injury 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, it is '
proposed that injury risk is constant for seatbacks less than h, percent
of occupant height; injury risk decreases at a linear rate as restra1nq
height increases from he to h, + 8 percent of occupant height; injury
risk is constant above h, + 8 and 1s £ percent lower than at h,. What
values for hy and g will generate the effectiveness results obtained
from Texas ~‘1.e., that adjustable restraints are 10 percent better thah

no restraints and integral restraints are 7 percent hetter than

adjustable restraints?
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The solution for hg 15 3% percent of occupant he]ght
(confidence bounds: 30-40 - see Scection 8.4.1). In otheriwords,
restraints begin to provide support 1f they are hg, = 35 percent of the
occupant's height and provide adequate support at h, + 8 = 43 percent of
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, 1t is also possible that
occupant ramping is taking place 1in 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 is the hypothetical "full" effectiveness of head
restraints. The observed effectiveness of integral restraints in
highway crashes relative to pre-standard seats 1is only 17 percent
because they do not fully protect the tallest occupants.

Since the Texas effectiveness results are so well predicted by
an intuitively reasonable model which expresses 1njury risk as a
function of restaint height alone it 1s possible to infer that restraint
height 1s 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

injury risk by 17 percent rather than 10 percent.
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[f the above relationship of restraint height and njury
reduction 1s valid, 1t becomes possible to predict the potential
‘benef1ts of restraints that are taller (or shorter) than those 1n cars
today (see Section 8.4.3). Figure 2-1 shows the 1incremental percentage
of injury reduction, relative to the 1979 mix of integral, properly
positioned and mispositioned 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 éonsisting entirely of 31 1inch
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) would 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 analyses of this evaluation, in combination with previous
§tbdﬂes, suggest that head restraints have functioned according to their
intended purpose: they have reduced the risk of whiplash injuries |
mvolving rearward and downward motion of the head relative to the torso
(neck ﬁype}exﬁension). Their success has been demonstrated in
laboratory andgcr%sh tests and by their 13 percent reduction of injuries
in highway accidents. Since whiplash symptoms were present in 80
pefdent‘or more of the persons injured 1n rear impacts, a 13 percent
overall injury reduction 1s unlikely unless head restraints help preveht
wh1p1ash;

 Further evidence that restraints have performed as intended is
offered by the analysis of restraint height and injury risk. The
observed incremental effectiveness 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. 7
| At the same t1me,‘1aboratory and crash tests did not 1nd1caté
that head restraints had substantial unforeseen effectiveness against
injuries other than neck hyperextension. The analyses of FARS and othér
acc1deni‘data‘d1d 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 anticipated? Does it
indicate a serious shortcoming of head restraints? The answer to both:
quéstions 1s‘part1y yes and mainly no. Yes, hecause the frequent
M1sp051t1on1ng of adjustab1e restraints by occupants is their principal

shortcoming. If all cars had integral restraints (or 1f all adjustable
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restraints were correctly positioned), effectiveness would have risen to
17 percent. Sti1ll, this 1s not much higher than 13 percent.

[s the 17 percent effectiveness of integral restraints Tower
than what should have been anticipated? It probably is not, cons1der1n§
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 still have had other injuries: .
this reduces the highest potential effectiveness to 60 percent.

Clinical case histories suggest that neck hyperextension is by no means
the only occupant motion that produces whipltash 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 restra1nts 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 1s further reduced.
Finally, even current integral seats offer inadequate protection against
whiplash to tall occupants or 1n crashes where significant ramping
occurs. Thus, the 17 percent injury reduction of current integral
restraints underestimates the number of injuries that could potentially
be eliminated by raising seatbacks. In short, current integral
restraints appear to elmminate a large percentage of the i1njuries that
they can reasonably be expected to eliminate.

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

restraint mix. An 1increase in the height of integral restraints to

49



31 1inches might lead to a further 6 percent improvement. A swmilar \
improvement might be obtained hy adjustable restraints that measure 31
inches in the ggﬂﬂ position.

Modifications 1n the strength, contours or padding texture of
seatbacks and restra1nts might perhaps reduce the degree of occupant
ramping or regound. The potential benefits, however, cannot be : -
est1ma£ed by the techniques of this evaluation.

2.4 Strengths and weaknesses of the evaluation

The praincipal strength of the evaluation was the consistency
of fhe statistical accident analyses with laboratory and crash test
results, bijomechanical considerations and in-depth accident case
reviews. Findings were consistent in regard to the overall
effectiveness of head restraints, the effect of integral restraints
relative to adjustable ones, the relation of restraint height to injury
risk and the failure of head restraints 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'Ne1ll's study of 1insurance
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 Sampling System and
other detailed, investigator-collected accident data thereby preciuding
a direct and accurate measurement of whiplash injury reduction. These
files had too few cases of pre-standard cars 1n rear impact crashes for

a statistically significant comparison with cars that had head

restraints. The rear wmpact sample size was further lmmited in NCSS
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because it 1s a towaway file whereas 73 percent of rear impact injuries
occur in nontowaways. ‘(NCSS did, however, contain enouéh post-Standard
cars with adjustable and 1ntegral restraints to demonstrate that the
1ntegral restra1nts were significantly more effective than adjustable
ones.) As Table 2-4 showed, the observed neck injury reduction was
significantly greater than zero n only one of six analyses of
1nvestig§tor¢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, it was necessary to rely primarily on Texas Staté
data for effectiveness estimates. Because State data do not exp11c1t]y‘
mention the types of injuries (whiplash vs. nonwhiplash), the contact
points, etc., it 1s only possible to measure the overall injury
reductiqn, not the whiplash or neck injury reduction. There is always a
Tingering fear that the observed result 1s an artifact, because it is
not based on a direct, explicit measurement of the effect under
investigation, This weakness 15 partly mitigated by the fact that the
overwhelming majority (80%) of rear impact crash injury victims suffer
,wh1p1ash.:‘A significant overall injury reduction cannot easily happen
‘Qn]ess there is a reduction of whiplash. Thus even though a whiplash
reduction cannot be directly observed in the State data, it can be
1nferred 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
"befdre-after" design: the cars with head restraints are almost all

newer than the cars without them. Biases resulting from vehicle age
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differences are especially worrisome 1n State data. This vh]nerabi]ity
was mitigated by the analysis procedures used in deriving the
effectivehéss astimates, Three largely independent analysis procedureé
were used to remove or compensate for age biases and they produced |
near1y identical effectiveness estimates. The procedures were:

(1) Using only 1968 and 1969 model cars for computing 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 1ni
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.

Relatively comp1ex statistical estimation formulas were used -
in 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 of 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. Tﬁe
confidence bourids on the Texas results are narrow. Even if we make
allowance fbr the bounds being approximate rather than exact, we sti1l]

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

mnjuries.

(2) Head restraints as an njury 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 brov1de 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 primarily on analyses of production and sales
data, not on 1n-depth surveys of consumer attitudes and preferences, etc.
These conclusions should be considered speculative.

The relationship between restraint height and injury risk,
especial]y, 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 quite reasonable results, relies on many
assumptions and should bhe 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
height and occupant height for adjustable and integral 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 Texa§ data for

analysis.
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NASS 15 a probability sample of the Nation's reported
accidents. It greatly mproved the reliability of national estimates of
the number of injuries in rear wmpact crashes. The availability of the
National Accident Summary (NAS) for 1971 helped confirm the NASS

estimate.

2.5 Conclusions

Effectiveness of head restraints

0 Head restraints - both the integral and adjustable types -

have significantly reduced whiplash injuries in rear mpact

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 wmpact fatalities, nonwhiplash

injuries, or forms of whiplash other than hyperextension.

0 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 they block a driver's view torthe

si1de and rear.
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Integral versus adjustable restraints

0

Integral scats are nearly twice as effective as
ddjustable restramts. The difference can be
attr1bﬁted to the failures 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 elyminate about 5 times more ihjuries

per dollar of cost than adjustable restraints.

Adjustable restraints, despite their higher cost and
]oWer benefit, continue 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 3
THE PROBLEM: INJURIES IN REAR IMPACT CRASHES

Rear impacts are far less serious than frontals, side impacts or
rollovers as a source of fatalities and serious injuries. This is partly
| because there is usually not much of a "second collision" between the
occupaﬁt 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
‘ co]]isionffemaining in his seat. Another mitigating factor is that rear
impact collisions usua]iy involve two vehicles travelling in the same
direction br, at least, 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 lower severity‘leve1§. They account for an estimated 500,000
injured passénger car occupants annually, which is nearly one-sixth of all
passenger car occubant ﬁnjuries. The estimate is derived in this Chapter
from National Acci@ent Accident Sampling System data.

Prior to Sténdard 202, over 80 percent of these injured
" occupants - i.e., over 400,000 persons annually - suffered from
"whiplash," which is a neck injury mechanism that may cause symptoms in
various\bddy‘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

large 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 2,180,000 police-reported rear impacts per year
'53]. The vehicles contain just over 3,000,000 front outhoard occupants.
Based on special study follow-ups of police reported 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 evidence that 0'Day's estimate is overstated may be found
in the reported rear-impact injury rate in Texas, which was only 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
sample of the Nation's police-reported traffic accidents. Its first full
year of data was 1979. The data 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 wrat is
available from_other files, in the context of rear impact injuries.

The hainédifficu1ties in estimating the number of rear impact .
injuries are that

0 The majority of them occur in nontowaways

0 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 one or more States to a National estimate.

The NASS file for 1979 contains 3419 motor vehicle occupants
classified as "injured" according to the NASS investigator. Each occupant
is assignéd a_ygigng‘equa1 tb 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 injured in police-reported traffic accidents in 1979. (The
injuries were not necessarily reported by thé police - just the accidentﬁ.)
| Of these 3,800,000 injured persons, 3,100,000 were passenger cérr

occupaﬁté. 6f these, 2,750,000 were drivers or right front passengers. {The
vehicle type,oh seat position were unknown in well under 1 percent of NASS cases
Snd these unknowns were discarded.)

"Rear" impacts are defined in this Chapter to be those with damage to
the rear of the car (according to the Col]isfon Deformation Classification [14])
o; with primarily rear force directioh (5 to 7 o'clock) or whose most severe
impact, according to the inVestigator, was "rear-end: struck by vehicle" or “rear
impact‘wfth object:" Vehi?]es\in "other" crash modes are those with known damage
1pcatioﬁ‘or known moét severe impact type (excluding non-app]%cable) which .are not
défined to be rear 1mpacts. A1l other vehicles are defined to have "unknown®
crash modes raccording to NASS investigators.
| "Towed" vehicles' are those which police specifically stated to have been
towed. A1l other vehicles are assigned to the "nontowaway" category in tﬁis
~ Chapter. | |
Table 3-1 classifies the 2,750,000 injured front outboard occupants of

passehger cars by crash mode and towaway status of their vehicle.
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TABLE 3-1

INJURED FRONT QUTBOARD 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 % : 7 89 4
. Row % of Known Cases 7 93 -
TABLE 3-2
INJURED FRONT OQUTBOARD OCCUPANTS 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 whiptash 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 investigatoré 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 ratijo 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 Tittle foolhardy. Is it
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 impacts (towaway plus |
nontowaway) .

[t is prudent to further subdivide the unknown nontowaways
according to another criterion that would 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 impacts. 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 major ity of neck whiplash 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
distribution of crash modes.

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

given by the formula:

X:u ] ) XHL
X = XIH [ m"xtll X”’i + X“L » qu + xlll. X“L

X
+Xz\. +L - ]Xn.

LIVP )(n.
where
i=1 - nontowaway i=2 - towaway
Xijk j=1 - rear impact j=2 - other known  j=3 - unknown
k=1 - neck whib]ash k=2 - no neck whiplash or

unknown whiplash
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In other words

,1; = 43,963 + 169,442 + 35,937 + 74,085 + 117,442 + 4,926 =
445,695 persons actually injured in 1979
Since X 15 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 1is removed, and the injury rates recalculated, etc.
The variation from subsample 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.

(ATthough NASS is‘a cluster sample, it was not treated as ohe
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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occurred in 1979. The objecltive is to estimate how many would have
occurred if none of 'the cars on the road had been equipped with head
restraints. .In fact, 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 thé‘injuryureducing effectiveness of head restraints.
~ In Section 5.6.5 it is shown that effectiveness
N
£ = 12.8% = .128
and its standard deviation

S = .0386

The number N of injuries that would have occurred in 1979 if no_cars

bad head restraints is estimated by

~
N

~ . 857
% (183 + =)
V3577

445,695 (.143 + ——== ) = 445,695 (1.126)

it

i

501,763 injured persons



The standard deviation of N,

3

Vv ar (3 F 857/0-¢)
o " u:i( . Var ( 7/ t)z
X (145+.957/p~&))

. . Iy
gsa70° L9357 Ver (1/01-¢)) /.
45, 695 * 1426 *

= 501,763

. I
3575 Ver (1-¢) )

Lt (1=¢)*

2 501,763 ( 0206 -+

857 (L0386)% Yo
,nllel (‘871)1

1

501,763 [ pLOG +

"

y
501,763 (.0106 + ~°0“)’L

73,914

N is estimated by a product of X and a term involving £.
Since (X - &3/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-ﬂ)/SN will also be close to a t

distribution with 9 df.
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A lower confidence bound (one-sided &« = .05) for N is given

Ny W - 1.833s,,= 366,278 injuries in 1979

A

¢
o F

The upper bound is |

¥4

Ny + 1.833 sy = 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

pieced 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 he 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) is a census of police-
reported accidents dﬁring 1971 in 39 States. The file contains 433,143
passenger car occupant injuries in rear-end crashes. It also contains

42,369 traffic fatalities. Since there were 54,381 fatalities
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in the United States in 1971, a National estimate of the injuries

is

5y, 38]
2,364

433,143 = 568,778

This estimate, however, includes ‘
0 Injured occupants in the striking car involved in %-
rear-end collision
0 Occupants in positions other than the driver's and right
front seat
But excludes
0 Injurjes not reported by po}ice
Imputation factors are derived from NASS. The fraction of the
injuries in the struck car is '73‘. The fraction in front

outboard seats is .89. The fraction of rear impact injuries

is .65. Thus the NAS suggests that there were

568,718 (,7%) (.89
. 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

- 568,515(-7 +—£—->= 593,550

NAS 123
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This number is relatively close to the steaight 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 same - 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‘simjlar to NAS for an estimate of injuries.

The Texas fife contains 2106 injured drivers of 1965-68 model
cars thaf were struck in the rear and were not equipped with head
réstraiﬁts. In 1972, Texas contained 5.5 percent of the passenger cars
registered‘ih the United States. Thus;‘a corresponding national
EStimateyof this type of ihjury is

2106
—5 = 38,291

This‘estimate, however, excludes
o Cars from before 1965 or after 1968
‘o 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 oufboérd 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 about .15 [12]. fhus, the Texas data suggest that there

would have been
N 382 (13w)
Texas = Sy (6501 -.15)

= 309,562 injuries in 1972

if no cars had been equipped with head restraints.

This number is well below the estimates based on NASS or NAS.
It suggests that rear impact crashes are less prevalent in Texas than
in the rest of the United States and/or that police underreporting of
rear impact injuries is greater than the 35 perfent 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 Egygﬂgx gccidents, only. In the NASS estimate of rear impact
injuries (Section 3.1.2), towaways accounted for less than 30 percent
of the total. Also, most of the uncertainty in the NASS estimate was
in the nontowaways, where a large number of cases with unknown crash
modes were presumed to bé rear 5mpacts. The towaways oh 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 outhoard occupants

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

416 + —féfﬁéég- = 2710
if all cars had been pre-Standard.

The NCSS file contains 943 towaway-involved passenger car
occupant fatalities. 1In 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 crash mode was not determined by the investigator. A
national estimate of rear-impact casualties in towaways in 1978, based

on NCSS data, is

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
lower 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
OCCUPANTS OF PASSENGER CARS

Injury Severity

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 130,000 220,000
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 been equipped with head restraints, there would
have been 2,810,000 front outhoard occupants of passenger cars killed
or injured in 1979. Rear impacts would have accounted for 18 percent
(500,006) of these casualties. But they represent only 3 percent of
the féta]ities (700 oﬂt 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 persons injured
in other types of crashes were transported,

The lower incidence of serious injuries in rear impacts
reflects the rather crashworthy combination of "occupant packaging" and
vehicle structufe that' a passengér 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 back into the seat, maintaining the
pre-ekisting contact, with the  occupant's load distributed over a wide
surface area. The occupant "rides down" the crash forces gradually,
remaining in'his seat. In other crash modes, the crash forces tend to
prbpe] the occupant out of his seat. He becomes a projectile which is
suddenly brought to a stop, bossib]y by a hard or narrow contact
surface such as the windshield or steering assembly.

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

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

Serious injuries also are less 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 two
moving venicles meet at a high 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
fargely extendéd béyond 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 Tater 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

" ~
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 outboard fatalities in the 1979

FARS, rounded to the nearest 100.

Let N» be the number of rear impact

hospitalizations in Table 3-3. Then

Xa..
z"g [X,.n_ (x.“*)(m x"n ()‘m. + Xua, 3 le - x""i xu)] u

where

i
U=X1. /"3 X.vm
m=i

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

_ X! { X xl" "
N3 = [qu( ,,,tY,z\) Xm.s (anz‘* ;n\ X‘Lt 2 Xu +Xu. ] u N‘

where

Q‘N»“‘NL
iQ = hll'fhiL

R =

is the ratio of actual nonserious injuries in 1979 fo 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 proportionally
distributed among them,
| N (doctor's office) and Ng (uﬁtreated injuries) are

defined by the §ame type of formula as N3.

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 pp be the proportion of motor vehicle occupants in the
1979 NASS who were killed or hospitalized; p3 the proportion |
“transported and released; p4q receiving othef 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 of nonfatal hospitalizations in other

crash modes. Then

P. :
0o = S L.— N | 1Y) =07 - No -~ N
2 - [PL'r‘va*Ps ' } ] , en e

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

) Py ,
03 =| ———ae " 2.750,000 - RN
3 [thh 2,750, 0 } 3

104 (doctor's office) and Og (untreated injuries) are
defined by the same type of formulas as 03.
Another distinctive feature of rear impact injuries is that a
‘substantia1 majority 6f them - 73 percent according to Table 3-4 -
occur 1n’crashes Where the struck vehicle is not towed away. By
: contraét; only 32 percent of the injuries in other crash modes happen
in nontowaways (and an even smaller percentage of serious injuries).
Tabie‘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 impact injuries than they do in other crash
- modes, Thé rear portion of a car contains fewer of the subsystems

essential to driving than the front end and the rear structure protects
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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 whiTe 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: Jlet
A A
Xijk» X and N be the quantities defined in Section 3.1.2. The

number of injuries in rear-impact nontowaways is

3
Z (xux + [X“flikxn-]xlni()

>o[ =)

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

A Ly ‘
N + [.__y...__.__ X
.i (x?'h xll-"xzz.] 13,
The number of injuries in other-impact nontowaways is

=

S e+ [, o)
k=1

Finally, there are.

‘ x'l.l- B
Xo2. + m]xn-

injuries in other-impact towaways.
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3.3 Injur y mechanisms

Most injuries in rear impact crashes 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.

WhipTash 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
wiihout 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
éttaches 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 é
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

“Whip]ash" because the motion of the neck - back and sharply around and
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reboundinﬁuto the iniiial position - vesembles the cracking of a whip.
. The g,jruahwt. enigma of whiplash is that it ordinarily leaves no
d’xter:nélly visible, palpable or rvadiological cvidence of injury, yet causes
pain and diéability that may last from a few days to a year or more. The
avéraqg,whjplash victim in the National Crash Severity Study missed 4 days of
work. "It took medical researchers a long time to determine what lesions were
‘égtually characteristic of whiplash. For that matter, it took a long time to
‘cqnvince some that the injuries were not psychosomatic or "“litigation
‘syndromeﬁ." Medical researchers established the reality of whiplash and its
patho1ogy through se}f-inf]icted injuries [49], tests using animals,
electroéntepha]ographicYstudies and the autopsy of a driver Whose car was hit
“ip the rear‘a few seconds after he had suddenly died of a heart attack. These
studfes‘revealed lesions such as muscular and 1ligamentous tears; hemorrhages.
of muscles and other tissues; disturbances to the brain waves or nervous
éystem damage‘due to forces transmitted 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
injﬁry mechanism. The pattern deséribed previously - rearward rotation of the
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
tHeré. Moreove{, the lesions need not occur only at the instant of maximum

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

restraint (see Section 4.4).

The third puzzle 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 to the cervical spinal cord or the nerves emanating from the
cervical spine. Disturbance of a nerve may be manifested by symptoms in other
parts of the body traversed by that 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 inexplicable

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 example, 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 chhester special study (less severe accidents than
NCSS), States and Balcerak found that the majority of victims did not
e*perience their symptoms until 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 "enigmatic." A driver is involved in a low-speed rear impact in
which the other vehicle's driver is obviously at fault from a legal
standpoint. The person does not mention any injury or complaint of pain to
the investigating 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 Fye 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. 1Is 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
collision) may result in frontal contacts.

Some rear impacts, by the definitions of this evaluation, may

involve 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 doors,
floor, steering control, seats, etc. These injuries are often not reported to

fhe 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 tippéed backwards a Tot or the seat has
broken from its anchorage, the occupant may be propelled head first towards

the rear window or its surrounding structures,

‘An even graver threat of 1njury‘may result from roof crush or
other compartment intrusion when a large truck strikes a car in the redr 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 ahd‘right front passengers who were injured in the rear impacts on the
1979 NASS file: 60 percent of the victims suffered only whip]ash:type
injuries. These included noncontact neck injuries and other noncontact
injuries appdrent]y 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, which 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
crash 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 listing 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

(c) Nontowaways and Towaways Combined

Yes No 60
Yes Yes 18
No Yes 22
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attempt was made in portions (a) and (b) to adjust the percentages for missing
data on crash mode or injury type. A case-by-case examination was needed
because the classification of noncontact or unknown contact pain injuries as
"possible whiplash" is a matter of judgement (see Section 3.3.1). The
percentages in portion (c) are thé weighted averages oi (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. 1In 48 percent of the
cases, simple 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 t%e 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.) took the lead with
15 percent - that includes "rebound" injuries and superficial injuries to the
armé 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 vehicle's side (2%), roof or rear (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

'SOUFCE 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
| Possihle whiplash* 17
Whiplash or possible whiplash 65
Frontal‘contacts (steering assemb]y; windshield, etc.) 15
Side contacts (doors, side windows, etc.) : 2
Seat contact | : 6
Roof, rear window 2
Floor - : ' 3
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; rounding

error

88



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

analngous 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 a]most‘exact1y the reverse of the nonhospitalized cases. Whiplash 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.

4
1

Rebound injuries involving the steering assembly and other frontal
contact areas account for 28 percent of the injuries - they are nearly as
¢0mmon as whiplash., Side surf§ce contact (doors, pillars and side windows)
comprise a substantial 14 percent of the hospitalizations. The Tess common
injury‘sources are the roof and rear window (2%), postcrash fire (2%), and
ejection (3%). |

Since whiplash accounts for a minofity 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 coq]d 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 36

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

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

Seat contact 7

Roof, rear window 2

Ejection | ‘ 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]. MclLean 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

23 percent with delayed 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 impacts are rare events. Approximately 700 drivers and
right front péSséngeﬁs 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-threalening nerve damage due to extreme]& severe
hyperextension, But it is also conceivable that a poorly designed or
mispositioned head restraint could give a dangerous "karate chop" to the
neck. j

The Multidisciplinary Accident Investigation (MDAI) file contains
18 of the 28 documented fatalities; NCSS contains 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, listed in the order that they appear on the
automated file, involve the following injury mechanisms:

1. Ihcineration in a firve which broke out on impact.

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

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

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

6. Apparent pre-crash heart attack.

7. Catastrophic override hy 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.

15.

16.

18.

Fatal burns in a fire which broke oul on impact.

Fatal ejection in rollover following rear impact.

. and 14. A tractor-trailer hit a car in the rear, 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 injuries 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:

19.

20.

21.

22.

23.

Fatal chest injuries due to contacting the steering wheel on

the rebound.
Catastrophic impact 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 driver 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 oveveide by o Ltrdactor-trailer, [latal hedd
injury due to cortact with the collapsing roof.
25. Catastrophic override by a tractor-trailer. Fatal head
injury due to contact with the intruding B-pillar.
The 3 NASS fatalities involved:
26. Fatal burns.
27. and 28. Both front outboard occupants were thrown into the

rear seat area when the front seats tilted backwards. They

sustained fatal head injuries.

It is evident that the overwhelming 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 seathacks appeaﬁ 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
suffered 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. It is conceivable that a head réstraint
could have given the occupant's head a better ride-down and saved hiszlife.
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

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

Sections 5.4 and 5.5, which are statistical ana]yées 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. Overall 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 Occuéaht‘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 et al.
analyzed ingurance 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].

95



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

" for male driyers.

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'.
Whiplash injury typically occurs when crash forces give momentum to thé 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 Statés,and Ba1cerak

[61].
In contrast to rear impact injury, males' and females' risks of

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

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

Tahle 3-8 shows the overall injury visk as a funclion of vehicle
velocity change (Delta V) in NCSS rear impacts. For compavison purposes, the
|

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

p.85).
TABLE 3-8
NCSS INJURY RATES BY DELTA V
REAR IMPACTS VERSUS FRONTALS
Delta V. 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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Specificaliy, this evaluation relies heavily on analyses of Texas
accident data (Sections 5.3 and 5.6). Head restraints were installed for the
first time, in most models, in 1969. But some of the Texas analyses consider
accident datg from a range of model years before and after 1969, which- in some
cases is as wide as 1965-72. Any device installed in 1965 or earlier wou]d.be
found on all of these cars; any device installed in 1973 or Tater, 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 devices had different
effects on side and rear impact injury rates.

Finally, since 80 percent of the rear impact injury victims had
whiplash, we are eépecia]ly concerned with devices 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 nonserious 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 ope-third of the cars'comp1ied with Standard 201 in 1966,
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one-half by 1967 and all by model yecar 1968 [18]. This standard is likely to
have significantly reduced the risk of nonserious nonwhiplash injury in rear
impacts that 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 oblique side impacts.

0 Séandérds 203 and 204, effective 1-1-68, require
energy-absorbing stegring columns. Two-thirds of the cars had these devices
in 1967, all by 1968 [40]. They are likely to be quite effective against
serious nonwhiplash injuries involving occupant rebound, with a smaller effect
on nonserious injuries. They may also reduce injuries in oblique side
impacts.

o Standard 205, effective 1-1-68, applies to window glazing
materials. All manufacturers installed high penetration resistant windshields
that meet this standard in their 1966 models. 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 had 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 whiplash [13], [49], [60], [62].
In actual practice, however,'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 710 vegulate lap belts. In actual
practice, Tap belts were installed in the front outboard seats throughout the
1965-72 period. But in 1972, the installation of warning buzzers led to an
initial 10-15 pércent increase in belt usage over previous years. Belts are
effective against many types of nonwhiplash injﬁries; Their effect on minor
injuries, however, is smaller than their effect on serious idjurie§ [58]. Lap
belts are not thought to have any significant effect on whipﬂash [49], [60].
Since most rear impact injuries are minor whiplash, a 10-15 pefcent increase
in belt usage will not greatly affect the overall rear impact injury rate.

o Standard 214, effective 1-1-73, Ted to the installation of side
door beams. One quarter of the.1969 model cars had beams, as did aboutrhalf
of the 1970-72 models. Side door beams help reduce serious injuries inrside
impacts but are unlikely to affect nonserious injuries significantly inreither
reér‘or side impacts [42].

[ Standard 215 relates to bumpers. A change in bumpers can
affect the collision performance of vehicles - e.g., a stiffer rear bumber
cbu]d conceivably increase the risk of whiplash in "fenderbender" accidents.
ngg bumpers, however, were not modified prior to 1973.

o Standard 301, 'with various effective dates, sets requirehents
for fuel system 1ntegf1ty and is designed to reduce postcrash fires. '
Furthermore, any structural changes resulting from Standard 301 may affect
other injuries. The Standard 301 requirements for frontal crashes took effect
in 1968, Tér 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:

kl) In a comparison of 1965-68 models (pre-Standard 202) versus
1969-72 models (post-Standard 202) there might be significant biases in the
rear‘impaqt jnjury 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
wbu]d adequately compensate for these biases.

| (?) If the comparison is limited to 1967-68 versus 1969-70

hode]é, it would eliminate the bias from Standards 205, 208, 209 and 210 and
substan£1a11y 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-1950's highway safety researchers understood that
whiplash was a common injury source in rear impacts. They judged that
hyperextension of the neck could be mitigated by raising the.seatback to
support thelhead and they began to test their judgement by laboratory
experiments.; By the mid 1960's enough was known about head restraints that
they became the subject of one of the earliest Federal auto safety
regulations.

A

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 whiplash and by 1956 they were running the tests with prototype head
restraints [60]. In 1965, D.M. Severy and others at UCLA began a controlled
program of stéged rear-end collisions of cars with dummy occupants. They
tested jntegral and adjustabTe head restraints positioned at various heights
as well as a number of seathack 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

regulation.

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 ntegral 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

e
w®

26 inch seats provide good protection without vision obstructions.

Head restraints were offered as optional equipment for the front
outboard seats by many of the manufacturers for several years before the
effective date of Standard 202; some as early as 1964. They were installed 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 installation did not become mandatory until the middle of
model year 1969, they were installed in 88 percent of the cars that year.

(A17 percentages are based on National Crash Severity Study data.)

The medical community encouraged the deve]opment'of héad
restraints. Perhaps their major contribution was to demonsgiate that whiplash
is a genuine physiological injury pattern and not just 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, 10‘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 rule in July

1966 with an effective date of October 1967 [21]. The final rule, however,
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rarsed 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
étandafds.

In February 1967, Standard 202 was dropped from the list of
initial standards. An Advance Notice of Proposed Rulemaking 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 202
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
involving a dummy head/torso and a complete 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 in response to comments [25]. Petitions for reconsideration then led to
additional minor clarifications 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 issued n October 1968 and became effective on January 1, 1969 [26].
In March 1974, NHTSA 1ssued an NPRM to combine Standard 202 with
Standard 207 (Seating Systems) and Lo 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 multipurpose vehicles
The proposal was never adopted. Its objectives were to overcome the hazards
associated with ramping, seat failure and, above all, mispositioned édjusﬁable
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: 'adjustab1e ones which can
be moved up or down to suit the occupant and integral seats which are fixed at
one height.

Adjustable restraints are not part of the seathack 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 qf a latch or by
friction alone. The restraint pads average 3 inches high. On top of ah
average 22 inch seatbhack, they provide a 25-inch seat when they are in the
"down" position. This is 2.5 inches less than the 27.5 1inches 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 "up"
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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 restraimtbs may be found m cars with bucket das

well as bench seats.

"Integral” 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 is the truly integral type which is used with bucket %eats; It |
consists of nothing more than a seathack which is tall enougﬁ to meet the
height requirements of Standard 202 by itself, without any attached pad or
restraint. The second type is a bench seatback whose top is not of un1form
height, but 1s taller in the outboard seat positions. The third type 1s 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

restraints 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
adjustable restraints are left in the "down" position. Specifically, the

findings from 5 studies were:
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* 0'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 occupants who Teave 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 asrit
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 of 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 adjustable restraints.

108



A disadvantage of 1integral restraints 1s that they may reduce
visibility to the side and rear for shorter drivers. R.J. Berton's tests
‘showed that an integral restraint would create a vision obstruction for a 62
inch driver Eut an adjustable restraint in the "down" position would not
[11]. The American and Japanese manufacturers, in their Docket comments on
the Agency's 1974 proposal to raise height requirementé to 31 inches,
emphasized this visibiTity problem. They also reported that customers had
complained that integral seats give rear seat occupants a feeling of
confinement, partially block the driver's view through the rear view mirror
and prevent the dr1ver‘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 possible vision
obstructions with some kinds of head restraints have detrimental safety
consequences. For example, there might be an increase in collisions involving
Tane 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 n either of Lhese cases (p. A-66). Since
this category of vision obstruction includes many objects olher Lhan head
restraints, 1t 15 clear that the number of accudents‘caused by head restiraint
vision obstructfonsi 1f any, 15 extremely small and need not be given further

consideration in this evaluation.

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

minimal.

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

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

restraints.

(2) Only 4 of them were injured by head restraint contact alone
-1.e.‘0.2 percent of the casualties. The other 28 had multiple injuries.

(3) None of the 32 injuries were life-threatening and only onelwas
AIS 3 [1].

(4) The 32 rear seat occupants with head restraint contact injury
were matched with rear seat occupants of crash involved cars without head
‘restraints. Matching was performed on the basis of crash mode, damage
severily, 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 Multidisciplinary Accident Investigation data and
used a slightly different technique than Stewart. He compared head restraint
caused injuries to njuries caused hy contact with other parts of the front

seathback. His findings were

(1) In post-Standard cars, there were 34 head-restraint caused
injuries to rear seat occupants and 126 injuries due to contact with other
parts of the‘front seatback. The average severity of the 1njur1es was the
same. |

(2) The pre-Standard 202 seatback 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 restrajnt in the up position. It is
conceivable that in a rear impact the occupant's head could enter the space
between the seatback and the restraint, str1k1ng the metal shaft. Most

restraints, however, have been desighed in a manner that prevents this hazard.
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Another possible problem with adjustable restraints 1s that they
are often firmer than the seatback and protude in front of the seatback. This
could cause the head to rebound before the torso after a rear impact,
stretching the neck. Also, a tall occupant sitting with the restraint in the
down ‘position could get a sort of "karate chop" in the back of the neck ffom

the protruding restraint.

An injury hazard that has persisted despite Standard 202 1s the
occupant motion 1in rear impacts known as "famp1ng." The rearward impact |
forces are translated into upwards motion of the occupant along the seatbéck
-1.e. the seatback becomes a ramp for c¢limbing. Ramping is especially
prevalent when the seatback tilts backward under occupant Toad. The
associated injury hazard is that the occupaht's head may travel over the top
of the head restraint and hecome 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 in
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
Teaning 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, ratation of the neck may begin before the head contacts the restraint.
Furthermore, when the head does contact the restraint, it does so at a h1gh

relative velocity [11], [6O].
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Finally, head restraints are designed prunarily 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 (sce Section 3.3.1). They are,
generally speaking, not designed to prevent nonwhiplash injuries n 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 least expensive cars.

Table 4-1 shows and Figure 4-1 graphs the market penetration of
integral restraints during 1969-81, by vehicle size. Sales trends for model
years 1969-78 aré 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.
During 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 lower cost and apparent higher

effectiveness of integral restraints.

In 1969, only bucket seats contained integral restraints. For
‘bucket seats, an integral restraint 1s 1ittle more than a taller seatback. It
is easy to manufacture and the incremental cost is Tow. 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 énd
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TABLE 4-1
PERCENT OF CARS WITH INTEGRAL
- RESTRAINTS, BY MODEL YEAR
AND MARKET CLASS®
(Data sources: 1969-78 NCSS; 1979-81 McVetty & Heinen's sales analysis)

Percent with Integral Restraints

Model Ef_,_ﬂ___,—-——————‘Domestic‘**‘--——-___________~__ A1l Cars - ATl Tow-
Year Subcompact Compact Intermediate Standard Luxury jImports | on the Road away-Involved
Cars

1969 N.A. 11 0 0 5 60 g* 8
1970 N.A. 40 5 1 21 48 17* 18
1971 97 38 7 13 7 52 28* 32
1972 . 100 43 23 14 1 61 34* 37
1973 99 37 22 13 1 55 35% 38
1974 74 37 21 4 1 63 32* 43
1975 86 43 ' 32 3 1 55 39* 45
1976 86 28 21 0 0 65 31* 38
1977 76 37 19 0 0 55 30* 33
1978 80 22 12 0 0 38 22* 30
1979 77 32 8 1 1 29 25 N.A.
1980 83 70 6 1 1 20 39 N.A.
1981 71 61 6 1 1 21 33 N.A.

* Sales-weighted average based on sales data from [8] and [67].
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more luxurious cars. The marketing of integral seats as a novel and desirable
item is hinted at by their 21 percent penetration of Tuxury 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. Integral
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 equipped
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 Targer and more Tuxurious cars. Towards the end of this
period, imporﬁs 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 o 1 31 59
1971 | 7 35 65
1972 17 32 71
1973 K 17 82
1974 10 8 70
1975 8 7 76
1976 3 3 72
1977 . 2 4 71
1978 4 0 56
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By 1978, 1ntegral restraints were installed in only 22 percent of

the caré, the Towest percentage since 1970,

Sales trends for model years 1979-81 cannot he obtained from NCSS
data, which were collected before 1979. T.N. McVetty and C.M. Heinen of the
[IT Research Institue, under contact to NHTSA, estimated the sales of integral
and adjustable restraints in those years based on 1nformatio€ supplied to them

by the automobile manufacturers.

Their study shows that integral seats made a partial comeback
during 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 shift 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 integral 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 less costly, Tighter

integral seats.

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

for integral seats in imported cars dropped from 65 percent in 1976 to
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38 percent n 1978 to 20 percent n 1980. TImports during those years were
successfully moving from a low-cost market to an wnage of quality, comfort and
convenience, Toynta, Datsun and Volkswagen offered adjustable seats as part
of an extra-cost seat option - which was selected by 75 percent of their
customers. By 1980, the market share for integral restraints was half as high

in imports as in domestic cars, whereas during 1969-76 it was twice as high.

The decline for integral restraints also continued for
intermediate-sized domestic cars: from 32 percent of the market in 1975 to 12
percent in 1978 to 6 percent in 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 restraints (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 a result
of these new car lines, the market share for integral restraints dropped back
to 33 percent in 1981 (from 39 percent in 1980). If public concern about fuel
shortages eases in 1982-83 and larger cars regain some 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 that become evident from a study
of the sales data, especially from McVetty and Hewnen's detailed sales

analysis:

(1) The customer's choice between adjustable and integral
restraints was generally not a Hobson's choice. On most makes and models,
the consumer could buy either adjustable or integral restraints. The
priﬁcipa] exceptions in 1980-81 were the GM X-cars, the Chrysler 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 chket seats which, among other things, have adjustablé
restraints. Fof these makes and models, 42 percent of the domestic car buyers
and 70 percent of the imported car buyers purchased the deluxe seats which
incTuded adjustable restraints. Of course, this does not necessarily mean
that the choice was primarily influenced by the head restraints. On larger
carsincluding all Targe GM cars except Cadillacs the typical choice was
between bucket integral and hench - or split-bench adjustable. Here, 93
percent purchased the seats with adjustable 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
Tuxurious 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 require
extensive surveying of the car-buying public and the manufactuers and would bé
outside the scope of the evaluation. But since the overall benefits and costs
ofihead restraints are influenced by the type of restraints sold, let us.at
Teast pr0vide some speculative answers based on the sales data and other

available evidence.

In view of the market trends, it seems likely that the high sa]es
of adjustable restraints, 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 continued effort to furnish integral restraints to

those who want them.

Vision obstructions experienced with integral restraints (see
Section 4.4) would appear to be only a secondary factor in their overa117
unpopuTafity. The obstructions primarily affect short drivers (e.qg., shofter
than average‘fema1es). Yet, 75 percent of the customers are buying adjustable

restraints and there smmply aren't that many short car purchasers.
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Adjustable restraints, as part of a deluxe seating package, seem
to be 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 deluxe convenience item somewhat 1like 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‘stéffs. Consciously or, in most cases, unconsciously,
the majority of car buyeﬁs have apparently accepted the idea that finer seats

and adjustable restraints go together.
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CHAPTER 5
THE OVERALL CFFECTIVENESS OF HEAD RESTRAINTS

5.1 Review of previous effectiveness studies

Eight statistical studies of the effectiveness of head restraints
were found 1in the literature. A 1972 study of accidents reported to insurance
companies provided unambiguous, statistically significant results. Another
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
[64]. 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 manufacturer/model
year combinations for which the authors believed that head restraint

installation was virtually nil or virtually 100 percent.

They obtained a sample of 5663 cars that were struck in the rear:
3830 without head restraints 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 AVAILABILITY; LOS ANGELES AREA STATE FARM
CLAIMS, 1970
(0'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*

i i

* Statistica]]y 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 likely 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
the "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" 1ike police-reported
data or is relatively free of them 1ike the National Crash Severity Study.
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Joksch's proposal can be Lostod by disaggregating 0'Neill's data
by model year, manufacturer and driver sex and running a weighted regression
of Lhe‘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 restraints was 11

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

The validity of the regression can be questioned because all the
data were collected in the same calendar year. As a result, there is a strong
correlation between vehicle age and Standard 202 compliance and a high
1ikelihood 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. (3y 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
liahility claim, the age effect in Q'Neill's data is probably smaller than
what was indicated by the regression. Moreover, since O‘Neijl's bost-Standard
cars are primarily equipped with adjustable vestraints {there were few
integral restraints in 1970, except on Volkswagens) and since adjustable
restraints are less effective than integral ones, his effectiveness contains a
bias againét Standard 202 that may cancel out the age effect. All 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 model year and determine whether a break in the trend
occurred for the model year in which Lhe sLandard was impfemented. In other
words, he obLgined 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 reduction
of’a minor (C) injury cou]d‘be attributed to head restraints in rear impact
crashes of minor or moderate severity (TAD rating 1-3). There was no
significant reduction however, in the overall 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 assumptions on the implementation
dates for head restraints are somewhat inaccurate, in Tight 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 “old" 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 correlation between two key

independent variahles.

5.1.3 Studies based on investigator-collected data

The six accident analyses based on more detailed, investigator-
co]]ected 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 fqr

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 gather medical information
specifically concerning "whiplash." 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
passengerslof pre-Standard cars had a whiplash injury severe enough to require
meqica1 treatment or to result in absence from work or disability in daily
activity. Only 37 percent of the post-Standard drivers and right-front
passengers héd thp]ash. 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
CWHIPLASH* INJURY RATES OF DRIVERS AND
QIGH{-FRONT PASSENGERS IN REAR IMPACTS, BY HEAD
RESTRAINT AVAILAEILITY, ROCHESTER, WINTER 1972

(States and Balcerak, 1973) !

Avai]abi]ity 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 Ba]cefak also found that head restraints are more effective for
females than for males. Standard 202 reduced females' incidence of whib]ash by
24 percent but males' whiplash by only 11 percent. This finding is nearly
identical to O'Neill's results (22% reduction for females; 10% for males) and
is consistent with the fact that restraints are more likely 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

i

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
guite 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-Standard 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: 2z=0.62,p>.10
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AB Volvo maintains an extensive program of follow-up
investigations 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 is much 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.

In 1972, J.C. Fell analyzed the rear impact crashes 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—imbacted 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 rear. But even after combining the
ACIR with Calspan's Level 3a (in-depth) accident investigations, 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 ACIR data because the pre-Standard sample 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 systems 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 may be neither internally homogeneous nor
comparable to Calspan Level 3. This could be an explanation for the
1nconsjstent fesu]ts of the two studies as well as the latter report's

generally anomalous findings.
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5.2 Apalysis 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
whiplash symptoms appeared. On the other hand, because injury-producing
rear-impact towaway crashes are relatively uncommon and because only 18
percent of the cérs ;re pre-Standard, the NCSS sample sizes are too small to
prbvide statfstica]]y significant results on the overall effectiveness of
head 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 Targer 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 documenﬁed in
detail in their report [63]. These analyses were reworked using data
definitions and models which were mofe 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 dnd
without restraints. In order to calculate injury rates it is necessary to
know |

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

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

(3) How many of them were "injured."

NCSS data include a éo]]ision Deformation Classification [14]
whiéh indicaies both damage location and direction of force. Rear impacts are
defined here to be veHic]es damaged in the rear plus those which were exposed
primafily to rear force vectors(principal direction of force 5,6 or 7

o'clock). i

NCSS specifies, for each vehicle, whether or not it is equipped
with head restraints, even those manufactured before the Standard's effective
date (see Section 4.1). The sample is Timited 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

x Neck injury

i

 * 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 by

defining the above 3 injury levels as fol]owé:

- An occupant is injured if the investigator said so (overall
A1S=1-8 [1] or NECKINJU=0-7) or if the investigator didn't know (AIS=9) but
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the police said so (police rating K,A,B or C). This definition eliminated

missing data.

An occupant suffered whiplash-type neck injury if the investigator
knew at what time whiplash 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 pain -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 the 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 AIS-based schemes [1] because missing data are eliminated and
because it greatly enhances statistical precision when used with the NCSS

sampling scheme.

It 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 unbiased 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 (unweighted) NCSS cases of front outboard occupants
ihvo]ved in rear impacts but they correspond to 4904 weighted 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 in 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

identical.

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

" v Without Head With Head Observed Reduction

Restraints Restraints - for Head 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‘1ower risk of hospitalization.

It is likely, though, that the observed injury rate differences
~are partly due to ge 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 the fact that the pre-Standard cars are older. Above all, in NCSS,
the post-Standard cars are more likely to be occupied by females than the
older cars. Females are considerably more prone to whiplash and other minor
rear impact injury than males. This creates 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 analys1s
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], pp.
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 variables which had the strongest
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interactions with injury risk and vehicle age (see [63], pp. 3-4 - 3-13).
Between one and three variables were selected, depending on the type of injury

under consideration,

Next, the GENCAT multidimensional contingency table analysis was
applied to the table of head restraint status x injury x the selected cogtrol
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 between 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 the data file is a simple random sample, likelihood-ratio
Chi-squares or similar statistics reliably indicate whether a model has "good"
fit. But with the NCSS sampling scheme, these statistics habe to bé
explained. A single NCSS injury from the 5 percent stratum, weiqﬁted as 20
injuries, is destined to éppear in only one of the small cells of a large
table. 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 one or two in neighbori?g cells. The
"significance" of this higher order term is, of course, ovérstated. The
ana]ys? must be aware, theréfore, of any high Chi-squares of higher-order
interaction terms that cannot be given a logical explanation. It is also
worthwhile to apply GENCAT to unweighted NCSS data and to question any high

Chi-sqares in the weighted data that are not duplicated in the unweighted
data.
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The Highway Safety Research 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 restraintsr
increase the whiplash risk of unbelted occupants younger than 20 by 437
percent but decrease it for 20-54 year o0ld occupants by 15 percent (Figure A-1
of their report). The models also predicted that head restraints reduce
overall injury of females by 43 percent 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 restraiﬁts in }educing neck injuries of unbelted occupants 1nvcars up
to 2300 pounds but integral restraints are 37 percent 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 using 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 ége
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 restraint status, injury, and the 4;
control variables are analyzed. The 2 way interaction terms are of priméry
interest. Highév order terms are ignored because the Chi-squares are not that

‘high and there are no intuitive bases for such interactions.

If a control variable doés 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:

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

* hospitalization reduction: 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.

Finally, the effectiveness of head restrainfs is calculated using
the cell entries predicted by the model and the effectiveness formulas shown
in Section 5.3.2. Table 5-6 shows that head restraints, in NCSS, had no
effect on overall injury rates. Neck injury increased by 22 percent, but
hospitalization decreased by 34 percent. Each 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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TABLE 5~5
MGDELS SELECTED FOR ANALYSIS OF NCSS;
ANY HEAD RESTRAINT VS. NONE

[ = injury

H = head restraint

S = occupant sex

D = vehicle damage
Injury Criterion Selected Model
Any injury : ! IH, IS, ID, HS, HD, SD
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
Hospitalizat fon 34 -10 54 N/A

*One-sided o« = ,0% ‘
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paradoxically, also hiased the raw data against Standard 202 because in the
rather small NCSS sample of rear impacts, the newer cars had slightly more
severe damage than the older ones (opposite to the usual age trend and perhaps

due to softer rear structures on more recent cars).

Table 5-6 shows that none of the effectiveness estimates based on
NCSS differ significantly 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 technique 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.a187-193. The
identical procedure is used here: the NCSS file of rear impaété 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, usihg 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 in 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. It is possible, neverLheless, that the observed rveduction is real
- i.e., that head restyaints ave effective in preventing the more serious kinds
of whip1ash‘whi1e 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 he%d restraints are
hbased 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 use of the TAD classification
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 - large sample size and nearly complete damage information - make
Texas data uniquely suitable for evaluation of head restraints. With
~appropriate analysis techniques, Texas data can yield a statistically precise
and fairly unhiased 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 [12]. The more
conservative of the two analyses suggests that head restraints reduce the risk
of rear impact injury by 18 percent.

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 anaiyses 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 100 rear-impact involved
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occupants, in pre-Standard cars and post-Standard cars. In order to
calculate injury rates, it is necessary to 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 uninjured
occupants, but a record is made of each injured occupant. Thus occupant
injury rates cannot be immediately computed. Nearly all motor vehicles
in transport, however, have only one driver. If a police report
describes a vehicle but gives no injury information on the driver, it is
reasonable to assume that there was a driver and he was not injured. 1In
this manner it is possible to obtain a count of uninjured drivers and
compute driver injury rates, No such assumption can be made at the other
seating positions, so no meaningful injury rates can be computed at the
other positions. As a result, the Texas analyses must be limited to
drivers.
Rear impacts can be reliably identified in Texas data based on the
TAD classification of damage location [66], which is completed on nearly
90 percent of the reports.
Texas data do not specify the location 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 hy
their severity, however, using the categories K, A, B and C. Thus the 7

effect iveness 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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Texas data do not specify whether a car was equipped with head
restraints., The assignment of cars to pre or post-standard is based on a NCSS
Took-up table of, heqd restraint availability by make/model and year.
Make/model/yéar combinations with partial or unknown head restraint
instaliation‘are excluded from the analysis (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
"Eva]uation of Standqrd 214" [41]. Since the objective is to determine the
injury reduction in rear impacts that is due to head restraints, it is
necesﬁary to identify and remove or compensate for age effects that cause
pre—sfandard (older) cars to have higher injury rates than post-standard
(newer) cars.

Tﬁe first step in removing age effects is to limit the analysis
td a ré]ative]y 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 0 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 contains 63,645 passenger cars of model years
1965-72 that were struck fn 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 phe injury rates in pre and post-standard cars.
Drivers in cars with head restraints had a 27 percent lower injury rate than
those in cars without the resfraints and they experienced even greater

reductions 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

Observed Reduction

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 reductions are
to a significant extent due to age effects that remain in the data even
after the pre-1965 cars were vemoved. Two alternative procedures were
devé1oped to control for the remaining age effects and to calculate the

injury reduction attributable to head restraints:

(1) Four specific contrnl variables are selected (factors
that are confounded with vehicle age and bias injury rates). With the
aid of multidimensional contingency 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 impacts. 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 is a measure of the effectiveness of head restraints.

5.3.2. Effectiveness based on multidimensional contingency table analysis

The BMDP3F program of multidimensional contingency table
analysis can effectivé]y handle 6 dimensions [15]. Two dimensions are
needed for the independent and dependent variables: head restraint
jinstallation 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: O0lder 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 - 72, cars were getting
heavier, on the averaqge. Added vehicle weight reduces injury risk,
éspecial]y in car-to-car rear-end crashes. This variable is also of
interest as a control bhecause integral restraints were installed

primarily on lighter cars.

When these 4 control variables are used, BMDP3F has as many

~ dimensions as it can handle. No other potential controis can be |
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. HNone of the
4, 5 or 6 way interaction terms is significant for any of the 3
dichotoﬁies of injury (any injury, K+A+B, K+A). Various models
ﬁompfisjng 2 anq 3 way terms are tested. Table 5-8 shows the models that

adeqdate]y fit the data (p > .05) while maximizing degrees of freedom:
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Injury Dichctomy

Any injury, uninjured

K+A+B, C + uninjured

K+A, B+C + uninjured

IH,

IH,

TABLE 5-8

MODELS SELECTED FOR BEST FIT:

6-WAY ANALYSIS OF 1972 TEXAS REAR IMPACTS

injury (dichotomized as shown below)
head restraint (none, installed)

TAD severity (1-2, 3-4, 5-7)

Age (up to 29, 30-49, 50+)

Sex

Vehicle weight (up to 3499, 3500+)

Selected Model

ITS, HTV, HAS, HAV, HSV, TAV, ASV, IA, IV
ITS, HTV, HAS, HAV, HSV, ASV, IA, TV

HTV, HAS, HAvV, ASvV, IT, TS

df Chi-square

94

102

108

114.7

111.7

128.8

p



Let &J““asv‘ be the cell entries predicted by the models shown in Table

5-8. Then
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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,
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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-Standard popu]ationsrto

have identical distributions on the 4 control variables, is

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 (fatal or serious) injury by 35 percent.
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TABLE 5-9
EFFECTIVENESS OF HEAD RESTRAINTS AND 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
N11 and Npp are predicted for each subfile. Based on the variation of
‘N11 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 Nij
and N12. Theseiconfidence bounds (one-sided o« = .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 overall 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
possible that the effectiveness estimates are still overstated, becausé
‘on]y part of the biases have been removed. Indeed, the effectiveness
estimates in Table 5-9 (based on multidimensional contingency table
analysis) are oniy 1 or 2 percent lower than the simple injury reduction§
calculated from the raw data (Table 5-7). Whereas this does not, by
jtself, prove that the procedure overstates effectiveness, it would be
desirabhle to check the results with another procedure that removes biases

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 i
hypothesized that any injury reduction observed in the control group is
due to biases in the raw data (and that similar biases exist in the rear
jmpact 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 selected to serve as the control group. Side

impact injury rates would not be substantially affected by head
réstraints. Side impacts are less than perfect as a control;group.
Although they somewhat resemble rear impacts (e.q., mostly urban,
daytime accidents) they need not be subject to the same vehicle
age-related reporting biases as rear impacts. Also, safety devices
(other than head restraints) introduced during 1965-72 may have different
benefits in side and rear impacts({see Section 3.5). For example, side
door beams (introduced in some 1969-72 models) are designed to be
effective prihari]y in side impacts whereas high penetration resistant
windshields (introduced in 1966) may be effective in preventing rebound
injuries in:rear impacts. Thus, we cannot be certain that the side
impact injury rate reduction is the appropriate correction for biases ‘in
the rear impact injury rates. Our uncertainty increases as the range of
‘mode] years under study is widened, since the biases become greater and
since there may be further confounding by the effects of other safety
devices. These reservations about side impacts as a control group for
1965-72 modé] cars, in part, motivated theladditional 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
categoriéé. The drivers involved in the side impacts are tabulated by
injury severity and head restraint availability. 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

Tyﬁe 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) 7.396 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 - =B () 18.4 17 2%
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 Tahle 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 larger in the rear impacts 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 pekcent of the K, A or B injuries in rear impacts and 26 percent of the
K or A injuries. |

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

The effectiveness estimator used in this procedure is a ratio of
ra%ios of proportioné of drivers 1njured; The sample sizes are generally
‘laége. Thus, the Taylor series expansion gives a good approximation to
the standard deviation of the estimates [501. In other words, let

—

= sample size i=1 rear impact

Njj
! i=2 side impact

it

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

p‘ij

Define effectiveness & by

~ Fa
£E=1-7r
where
P, Pay
r = —_—
Poi X
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and the standard deviation of effectiveness,

~AOA "Pn + ""rL + “"PA-: + L""‘ Pl-l— '/)__
sS=r NH Pal Nn— Pix Nll (™ NJ—L [

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

.05). For the lower confidence bound

i

confidence bounds (one-sided o(

62, solve

‘(P'EL\S

-
r

"

-1.645

For the upper bound €, solve

ey
tu~-t%

7—~ﬂ;~5;_ = +].645

(l'tv_) -

~

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 zerb (R = .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 K or A injury reduction “comes close"

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

The Tekas 1972 accident file yields a sample of drivers involved in
rear impacts which is of ample size for statistically meaningful results
on the effectiveness 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-Standard cars. 1In addition to removal of
the oldest caks, two aiternative 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. Based 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 hand, may theoretically 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], pp. 158-164 and 197-211; [41]
pp.175-178; [9]), but unrealistic resuslts have been obtained in another
app]icatfon [43].

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

The second protedure 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. It would be desirable
to pérform the -analysis wiﬁh alnarrower 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 seathacks or head restraints. [t is
evident that the effect of head restraints on fatalities, if any, is un]ﬁkely 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 Tike-threatening nerve damage.
But it is also conceivable that a poorly designed and mispositioned head restraint
could give a dangerous "“karate chop" to the neck. In short, the expected effect on
fatalities is close to zero and if it is nonzero, it might be either positive 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 census of
the fatalities that have occurred since January 1, 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
techniques, FARS has the potential to provide more reliabla results on faté]ity
reduction than other files. For example, in the "Evaluation of Federal Motor
Vehicle Safety Standards for Passenger Car Steering Assemblies," the estiméte of

fatality reduction was based on FARS [40Q].

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

FATALITIES group impacts
. pre-Standard cars Nlllr N12
poét-Standard cars N2l N22

The ratio N21/N11 is an indirvect 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

post-Standard cars would be N12(N21/N1l). Thus

N2 NI\ |
£ = 1 —  — Jo
N12 N2l

is 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) Qere 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
improvemeﬁts during 1965-71 (the high penetration resistant windshield was installed
in all years exceet 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 enerqy 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 bias (i.e., the oldest pre-Standard cars
are 6 years older than the newest post-Standard). In order 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 procedure are describéd 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

million car years. The fatality rates of pre and post-Standard cars are compared.
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5.4.2 Results of the continggnqy table analyses

Table 5-11 compares the overall occupant fatalities in rea 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 occurred. 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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Table 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 from caiendar

year i. Then
1980
E =S i/ =-11.5
yai
i% 1975
‘ - 1980 '
S = 2 (Ei-f)| = 20.7
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

PASSENGER FATALITIES TN FRONTAL IMPACTS AND

OCCUPANT FATALITIES IN REAR IMPACTS OF 1965-71

PASSENGER CARS, FARS, BY CALENDAR YEAR

167

Fatalities

Calendar Model 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 196568 746 122 -14.3

1969-71 995 186
1979 196568 576 11 +15.9

1969-71 802 130
1980 1965-68 383 74 -1.8

1969-71 610 120
Average of‘effeqtiveness -11.5
Standard deviation of effectiveness 20.7
Lower bound for effectiveness -11.5 - 20,7 = =29 percent
Upper bound for effectiveness -11.5 + 20.7 = +6 percent



#

Let E be the effectiveness of head restraints calculated using 6 years
of FARS. Then (EJE}/(S/J§3 is roughly t distributed with 5 degrees of freedom.
Thus, a Jower confidence bound for effectiveness (one-sidedh= ,05) is given by

E - 2.015 sAﬂ;; -29 percent

The upper confidence bound for effectiveness is

F+ 2.015 s/d6 = +6 percent

The null hypothesis that effectiveness is zero can be tested by compu-
tingE/(s/6) =-1.36. Since this quantity is within the acceptance region (K= .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 we%e only installed in the driver's and right front seat. Al
occupants were included in the analysis, however, because (1) about 80 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; (3) although
inclusion of the other occupants may change 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 impacts. 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.



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 Impacts
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 side impact fatalities as the
control group. Table 5-14 is the basic contingency table. The results with
this control group are slightly less 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

Fatalities
Side Rear
Impacts Impacts X
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 %s that the 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, a somewhat higher ratio of rear impact

fatalities to frontal fatals would also be expected in the post-Standard cars: a

spurious "negative" effect for Standard 202,
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Multiple regression analysis permits removal of the vehicle age bias.
The FARS fatality counts (rear impacts and passenger frontals) are tabulated by

model year (1965-71) and calendar year (1975-80). The dependent variable is

. rear impact fatalities x 100
passenger frontal 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 = proportion of cars with head restraints in a given model
year (see Table 5-15)

A = vehicle age = calendar year - model year

Y = calendar year - 1975 (added to detect secular trends)

Over the 6 years of FARS data, A ranges from 7-15 for the pre-Standard cars and
from 4-11 for the post-Standard cars. In other words, the ranges overlap con-
siderably and A is not confounded with H in a manner that would invalidate the

regression. The regression weight factor is

‘N = passenger frontal fata]%ties + rear impact fatalities.



TABLE 5-15
PERCENT OF CARS WITH HEAD RESTRAINTS

AND SIDE DOOR BEAMS, BY MODEL YEAR, NCSS

Model Year | $ with Head Restraints % with Side Door Beams
1965 0 0
1966 ) 0 0
1967 S 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‘éorrelation 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 reétraints
(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

LR+ 1.709/2
R - 1.709/2 " 12 percent

where 1.709 is the regression coefficient for H.

Thus, after controlling for vehicle age and calendar year, the observed
effectiveness is not quite as negative as it was in the simple contingenty 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 quantity 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 performing an identical regression,

except using side impact fatalities instead of passenger frontal fatals in com-

puting R, The observed effectiveness of head restraints, based on this regression
is -14 percent, which is nearly identical to the result with passenger frontals,
Apparently, by controlling for vehicle age and calendar year, the differences of
the control groups (which led to different results in the simple contingency table

analyses) were more or less eliminated.

173



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 shown alongside the values of H in Table 5-175,
Unfortunately, S and H are exceedingly correlated (r = ,94), causing a high
1ikelihood of meaningless results if both are entered in the regression. This
is exactly what happened: the regression equation had a small negative coefficient
for H (suggestingEhEa& 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 vresult). 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 Analysis of rear impact fatalities per million vehicle years

The need for a frontal or side impact control group (and its
concommitant potential biases) can be obviated by using a combination of FARS
and exposure daté. FARS supplies the number of rear impact fatalities by
model year and cilenfar year, for model years 1965-71 and calendar years
1975-80. On p.24 of "MYMA 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
fata]ity‘risk - the number of rear impact fatalities per million vehicle
expdsure 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 because the post-Standard cars are newer and tend to have 1ower:
fatality rates. Moreover, the cars with head restraints are 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 bias is removed by computing fatality rates by model year and
calendar year and performing a regression on the rates. The dependent

variable is

rear 1mgact fatalities x 1,000,000
registered vehicle years

R=

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

pus g
it

(see Table 5-15)
A

1

vehicle age = CY-MY
CY76

1 if CY=76, O otherwise

i

CY80 = 1 if CY=80, O otherwise
The regression weight factor is
N (MY,CY) = registered vehicle years
Tﬁe regression weight equation which best fits the data is
R=7.88+ .85H - .35A + .O35Ag+ .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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is negative. The weighted average of R is
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 + .85/2
1l - e = -11 percent
R - .85/2

The standard deviation of the regression coefficient for H is
1.39. The nu11rhypothesis that the coefficient is zero can be tested by
computing t ; .85/1.39 = 0.61. Since this quantity is within the acceptance
‘_region'of a t distribution with 33 df, we accept the null hypothesis that head
restraints had‘no effect on fatalities. Moreover, the observed negative
result 6f the regression may partly be spurious. The regression contains a
bias against head réstraints, because the life-saving benefits of other safety
devices in rear impacts, if any, are attributed by the regression to vehicle
ageland tend to exaggerate the‘true age effect. The regression compensates

for a larger age effect by a more unfavorable head restraint effect.

In summafy, the analysis of rear impact fatalities per million
vehicle years yields nearly the same results as fhe analyses of rear impact
fatalities felative to control groups of fatalities (Sections 5.4.1 - 5.4.3):
no significant effect in either direction for Standard 202, with a slight

fatality increase observed in some of the analyses.
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5.5 The long-term trend in fatal rear-end collisions

The slight (although nonsignificant) increases in fatality
risk observed in most of the FARS analyses 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.

If head restraints have caused a truly substantial increase
in fatality risk it should be reflected by an increase in the annual
number of vear 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 collisions for 1966-80. The
counts include collisions where thé 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 annual 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

TABLE 5-17

FATAL REAR-END COLLISIONS 1966-80

n of Fatal
Rear-End Collisions

2400
2400
2400
2200

2100
2100
2200
2300
1800
1900
1500
1900
2400
1800
2000

(Accident Facts)

N of Fatal
Two-Vehicle Collisions

18,500
18,800
18,600
18,300
18,100
18,100
18,900
19,700
16,800
15,600
15,900
17,200
18,300
18,200
17,400
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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

11.5



Tablé S-i7 shows that fatal rear-end collisions have
certainly not inéreased since head restraints were introduced. In fact,
both the absolute number of rear-end fatal accidents and the poroportion
of rear 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 < .05) and relative proportion (r = -.53, p < .05) of fatal
rear-end collisions - i.e., the more cars with head restraints, the fewef
fatal accidents. Of course, the correlation does not necessarily imply
that head restraints reduce fatalities, for the reduction could 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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5.6 : Analysis of 1972, 74 and 77 Texas accident data

Access to Texas State accident files for 1974 and 1977 was
establ1shed during the analysis of integral versus adjustabla 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

based 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
involved 1in rear impacts and side wmpacts. The njury reduction in side
mpacts, for 1969-72Icars versus 1965-68, was attributed to vehicle age biases
and safety devices other than head restraints. The 18 percent excess of the
injury reduction n rear 1mpacts over the reduction 1n side wmmpacts 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 is an mprovement over
us1ng'cars of all ages, but the restriction does not go far enough. Eight
years 1is still a substantial age span. Moreover, 1965-72 was the time during
which many of the wmmportant safety devices other than head restraints were
first installed (see Section 3.5).

(2) Side wmpacts, as a control group, are better than no control
group at all, but sti111 leave something to be desired. The vehicle age bias
on side impact injury rates 1S not necessarily the same as on rear mpacts.
Safety devices other than head restraints may have affected side and rear

mmpact njury rates differently.
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The avairlability of Texas files for 1974 and 197/ makes 1t
possible to overcome these problems. With the combined data file for the 3
years, the sample 1s large enough for statistically 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 (post-Standard) can be meaningfully
comparéd. With just a one-year difference in the age of the cars, age biases
become negligible. Also, the possible confounding effects of safety devices
other than head restraints are largely eliminated, since hardly any were
introduced in the 1969 model year (see Section 3.5). Therefore, the use og a
control group is superfluous and the rear mmpact injury rates for 1968 and
1969 can be compared directly. This 1s the analytic approach used 1in Section
5.6.2.

Another advantage of having accident data from 1972, 74 and 77 is
that the pre<Standard cars are no longer of necessity older than the
post-Standard cars. The 72 file contains 4-year old pre-Standard cars (modgl
year 1968) and the 77 file contains 8-year old post-Standard cars (model yeér
1969). Under these circumstances, 1t hecomes possible to compute rear wmpact
injury rates by accident year and model year (1965-72) and to perform a
meaningful regression of the njury rates by percent of cars equipped with
restraints and vehicle age. The regression finds the average year-to-year
drop in injury rates due to vehicle age biases and safety devices, other than
head restraints, introduced 1n 1965-68 and 1970-72. It separates these annual
reductions from the one-time effect of head restraints. Thus, 1nstead of |
using a side wmpact control group to find the hiases, 1t finds them directly
from the rear mpact injury rates. This is the analytic approach used 1in

Section 5.6.3.
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Finally Section 5.6.4 repeats the analysis with a side wmpact
control group that was performed 1n Section 5.3.3, but with a difference:
thanks to the enlarged samale, the range 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 importance of age-related b1ases%and their possible
inconsistency between side ahd rear mmpacts. It also ei1m1nates the
confound1n§ effects of safety devices such as improved W1ndsh1e1ds (1introduced
in 1966) and seat belt buzzers (1972) and reduces the cénfound1ng from energy
ahsorbing steering systems and seat back locks (mostly introduced in 1967) and
side door beams (mostly introduced n 1971-73).

Throughout Section 5.6, the definitions of rear impacts, injuries,

etc., are the same as in Section 5.3,

5.6.2 Rear 1mpact 1njury rates 1in 1968 versus 1969 models

Table 5-18 shows that drivers of 1969 model cars 1nvolved in rear

impacts were 8 percent less likely 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 wmmpacts 20,214 23,051
n of drivers injured 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.

with adjustable and ntegral restrammts, by model yecar.

data.

Model
Year

1965
1966
1967
1968
1969
1970
1971
1972

TABLE 5-19
HEAD RESTAINT INSTALLATION BY MODEL YEAR
CRASH-INVOLVED CARS, NCSS

|

Proportion of Cars with

Adjustable Integral
Restraints Restraints
0 0
0 0
.02 .01
.06 .06
.81 .07
.80 .17
: .68 .32
.63 .37

H

Table 5-19 shows the proportaons of crash-involved cars

It 1s based on NCSS

No Head
Restaints

1
1

.97
.88
.12
.03

Let € be the actual effectiveness of adjustable restraints and let

Let &, be the effectiveness of 1ntegral seats relative to

adjustable restraints and let . =1 - &, . Let

be the observed njury reduction for 1969 cars relative to 1968.

Pea

Y‘ =
1 Pes
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Based on the distyibution of head resteaits for 1968 and 1969
cars shown 1n Tabhle §-19,
Sir+ ,07T0Rr +.01L , .
rh = ‘ (1)
Nor + . 06nr .88

From Table 5-18,

ri= .9193

and from Section 6.3.2,

ro= 927

Thus
) R )
9193 = 3o+ ONRDC + L1
D6 + 06(.927)r + .88
and
r = .896

In other words, the overall effectiveness of adjustable restraints 1s 10.4

percent,

For approximate confidence bounds on this effectiveness, we

express r as a statistic of rp and rp:

88 - 12
B+ 0TF — .06 + .06

The expression 1s ohtained by solving formula (1) for r.
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Thanks to the generous sample sizes in Table 5-18, I, can be

treated as an approximately normal variable with standard deviation

AN PR
S, = ( g T T )= -0%8

From Section 6.3.3, . is independent of r, and can be treated as

approximately normal with standard deviation

SL = ,0304

As a result, " has standard deviation
N~ Afwr( 8 -.02) + Var (81,07 Fu =060, =.0b71.) Zcov(-BSr, -, L8t .07";-.0“‘.-f06“.f‘-.) b
S= PNCshr =255 (84070 - O6r, = 060n )" (80 - .2) (Rl OTruci06r, <. 06w 1)

i

C%L S(“

A7 | L5907

113

‘ s> 5': 3 33 >
496 Coomg + 0000146 + 0060 R (‘7-?“ XS + . 00038
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2

In the preceding formulas, it was assumed that cov(rjy, rirz) = Si
and cov(rp,rq ra) = sz"“r, , which is approximately correct
when ry and iy are close to 1 and sq, sy are small relative to rq,
ra.

!
S = , 8496 (.oonga*{ + (-CCu2)( ,oozzS')) /2 = 0339

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

. ~ g
;2 = - ("-f- INS 2] S) = 4,0 percent
The upper confidence bound‘ is
€8 1-(r-16455) 16,8 percent
5.6.3 Regression of rear impact injury rates
Let
" of iane,l clr.le‘-, w cars of model e MY ia acc ,‘A:,j e Cy

R(MY’C,Y)T; N o drivers W rear fmfa‘afs in M,l,lpear MY, cce. goar CY
The rear impact injury rates R(MY, CY) are expected to drop
slightly 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 year that the restraints are introduced in the fleet
(primarily 1969). Regression is ﬁsed 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 1s Rooas defined above.

An anitaal hist of andependent variables s

1

Hi = proportion of cars n model year MY with adjustable restraints

(see Table 5-19)

i

Hp = proportion with ntegral restraints (see Table 5-19)

A = vehicle age = CY - MY

1 if CY = 74, O otherwise

1}

CY74

i
il

CY77 = 1 if CY

(Note that when CY = 72, CY74 = CY77 = 0.)

77, 0 otherwise

The regression weight factor 1s
N (MY, CY) = N of drivers 1n rear wmpacts in mod. year MY, acc. year CY

It 1s necessary to consider the effect of adjustable and 1ntegral
restraints separately, 1n one way or another, because Integral restraints ére
significantly more effective (see Section 6.3.2). As a result, during |
1970-72, when there was a substantial shift from adjustable to 1integral (see
Table 5-19), Injury rates can be expected to drop. If the regression were
merely to use the 1independent variable "head restraints" with no distinction
of adjustable and integral, all the 1njury reduction 1n model years 1970-72
would be attributed to vehicle age biases, to the detriment of head
restraints. The effectiveness of restraints would be underestimated.

On the other hand, it would also be improper to run the regression
using directly the above list of independent variables. Since Hy and Ho
(the proportion of cars with adjustable and 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 to
pfoduce meaningless results. In fact, the regression using the nitial Tlist
of independent 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 dilemma 1s to develop a reyression model which
expresses head restraints as a single independent variable but which also
contains an externally derived imputation factor for the split between
adjustable and integral restraints.

Table 6-4, which was derived independently from this analysis,
shows that drivers with integral restraints had an 1njufy rate n rear wmpacts
that is .0053 lower (1in absolute terms) than drivers with adjustable
restraints. This absolute difference may vary slightly as a function of
veh1dle age, but may fof bract1ca1 purposes be treated as a constant.

Develop a regression model as follows. Let

Rp = injury rate for 100% no restraints
Ry = injury rate for 100% adjustable restraints
Ry = injury rate for 100% integral restraints

Let the model be

2
Rp=ay +ay A+ap A + a3z CY74 + a4 CY77

RO £+ a5

Ry

Ro =Ry - .0053

where the a?% are unknown coefficients to be determined by regression. Note,
howevef,'that‘the relationship between R1 and Ry 1s fixed and known, based

on the‘reéults of Section 6.3.2.

| | By défin1f{on, the population injury rate R(MY,CY) for any given

model year and calendar year 1s

R(MY,CY) = Hy Ry + Hp Ry + (1-Hj-Hp)Rg

1t

H1 (Rg+ag) +Hp (Rg + ag - .0053) +(1-Hi-Hp)Rg

Rog +ag (H1 + Ho) - .0053 Hp
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Define a new deﬁéndént variahle

R” = R + .0053 Hy
and a new variable

H = Hy +Hp = proportion of cars with head restraints
Note that the model

RI

Rg + ac H
ag +a] A + ap A" +a3 CY74 + ag CY77 + ag H

15 well suited for fitting by regression and expresses head restraints in a
single variable. Note, however, that the coefficient ag, by definition,
measures the effectiveness of adjustable restraints.

The regression 1s based on 22 data points: njury 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 f11e,
all cars from model years 1966 and earlier are coded as 66.

The regression equation which best fits the observed weighted data
points 1§

R = .0652 + .00285 A - .000155 A~ + .003CY74 + .0123 CY77 - .00932 H
and the multiple correlation coefficient is .93 and df = 16. The negative

coefficient for H indicates that adjustable restraints reduce 1njuries.

The effectiveness of adjustable restraints is measured by computing

Rp and Ry (see above) for the "average" car. The average car is 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. With these average values

Ry = .0801
Ry = .0708

and the effectiveness of adjustable restraints 1s

€ =1 -Ry/Ry = 11.6 percent
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The standard deviation of the regression coefficient for H 1s
.00463. The null hypothesis that this coefficient 15 zero can be tested by
‘comput ing w£= -.OO932/.00463.= -2.01. Since this quantity 1s within the
reject1on'reg1on (one-sided o« = .05) of a t distribution with 16 df, the null

hypothesis is Fejectéd. The effectiveness of adjustable restraints 1s

¥

'
b

§1gn1f1cant1y greater than zero.

| The preceding regression used an externally derived mputation
factor for the incremental effect of ;ntegra1 restraints. As a check that
this approach is not distorting the resuits, another regression can be
performed without this factor. Let R by the simple njury rate as defined at
the beginning of this Section and H, A, CY74 and CY77, as defined above, be
the independent variables. The regression model 1s

R = ag +a] A +a,K+ a3 CY74 + ag CY77 + ag H

':'buf'1n tH;$ hode]; the coefficient ag measures the average effectiveness of
adjustable and integral restraints, not the effectiveness of adjustable as 1n
the‘p?eéedfng model. This model can be expected to attribute the njury
reduction for model years 1970-72 tqQ age effects rather than the shift from
adjustable to ihteqfa] restraints and, as a result, predict a lower
effect1venes$ fbr'restra1nts. 4The result of the regression was

R = .0628 + .00337A - .006169 A* + .0022CY74 + .0104 CY77 - .00896 H
and the mu1t1p1é correlation coefficient waé .94 and df = 16. Note that the
coefficient for A isv1arger than in the preceding regression (stronger age

effect for the newer cars).

The effectiveness of head restraints in Texas is measured by
setting A ='6.6, CY7a = .37, Y77 = .14 (see above) and H = 0 (pre-Standard

and 1 (post-Standard)
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E=-I_ uOé"l’T

W = 11.5 percent

The crash-involved post-Standard vehicle fleet up through model year 1972 was
equipped with 75 percent adjustable restraints, 25 percent integral (weighted
avekage of data n Table 5-19). Integral restraints are approximately 7.3
percent more effective than adjustable restraints (see Sect1on 6.3.2). Lét g’
be the effectiveness of adjustable restraints that would be needed to produce
the €= 11.5 percent predicted by the regress1on; Then

/

1-€=.885 = .75 (1 -¢) + .25 (.927)(1-£")
-7
£ = 9.9 percent

In other words, this regression predicts that the effectiveness of adjustable

restraints is 9.9 percent. As expected, the effectiveness is slightly lower

than n the first regression, which took the shift to integral restraints into

account .

The standard deviation of tﬁ% regression coefficient of H 1n this
regression 1s .00453. Since t= -.00896/.00453 = -1.98 is n the rejection
region of a t distribution with 16df, this regression a]so'1nd1cates that the
effectiveness of restraints is s1gn1f1cant1y greater than zero.

As a further check on the results, the regression was rerun on

side wmpact injury rates. The result was

Reide = .0747 + .00062 A + .000126 AT - 002 CY 74 + .0021 CY77 - .00266 H
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The equation measures Lhe obsorved "offect" of head vestraints on side wmpact
injuries. When Lhe average values of A, CY74 and CY7/7 are ontered, this
effect 1s
£ & |- 1:3%%‘:1.9 percent,
The standard deviation of the coefficient for H is .00361. Since
= -,00166/.00361 = -0.46 1s well within the acceptance region of a t

distribution with 16 df, we accept the null hypothesis that head restraints
had no effect on swde 1mpact-1njury rates. This 1s reassuring, for if the
regression had "shown" any substantial "effect" of head restraints on side
mpacts it would have raised serious doubts about the validity of this
technique for rear mmpacts.

It is nteresting to compare the coefficients for A and Az in the

- s1de and rear 1mpact regressions.

Coeff. for A Coeff. for A2
Rear mmpacts .00285 -.000155
Side impacts .00062 .000126

In rear wmpacts the escalation of 1njury rates with increasing 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 prone to
report whiplash - i.e., the underreport accidents and njuries. In side

mmpacts, the age effect gets stronger with increasing age - property-damage
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accidents of older cars are underreported, but not injuries. The age effect

In side and rear mpacts 15 about the same when

.00285 - 2 (.000155)A = .00062 + 2 (.000126) A

A =4 years
In other words, side wmpacts make a relatively good control group for cars
close to 4 years old but are not a good control group if the cars are e1€her

brand new or substantially olde~ than 4 years.

5.6.4 Rear and side wmpact wnjury rates 1n 1967-68 versus 1969-70

The discussion of the regression results (Section 5.6.3) indicates
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 mpact
njury rates make a good control group for rear mpact njury rates provided
that most of the cars are wn this age range and there are no excessive biases
from safety devices other than head restraints which affect rear and side
impact 1njury risk. Model years 1967-70, to a Targe extent,.sati1sfy both of
these requirements. |

Table 5-29 shows that drivers of 1969-70 model cars involved in
rear 1mpacts were 15 percent less likely to be njured than drivers of 1967-68
model cars. It also shows that drivers of 1969-70 model cars involved in side

impacts
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were only 6 percent less likely to be njured than drivers of 1967-68 model
cars The relative excess of the rear wpact 1njury reduction over the

reduction n side wmpacts 1s 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 Nip = 35,479 N12 = 46,580
n of injured drivers npp = 2758 nlé = 3072
Injury rate o P1y = .07774 P1y = .06595
SIDE IMPACTS
N of drivers No1 = 87,130 Npo = 107,102
n of injured drivers ngp = 7139 nop = 8228
njury rate Po1 = .08194 Poo = .07682

The 9.5 percent relative reduction slightly understates the
effect1veness of head restraints because some 1967-68 cars a]ready had the
restra1nts 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% adJustab1e, 12% i nteqra] 7.5% none
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Let ¢ be the actual effectiveness of adjustable restraints and let
F=1~-E£. Let ty be the effectiveness of integral seats relative to
adjustable restraints and let [ = 1 ~t9. Let
no= (P /P (0, ) = L2098 (lrom Talle §-20)

Note that

BOG e #+ A2+ 075

= . 9048 (2)

ri:? L04 r f,CﬁS‘r‘_r{-,q).S.

Fram Section 6.3.2, I = ,927

Thus, = .896

In other words, the overall effectiveness of adjustable restraints is 10.4 |

‘ Ercent .

For approximate confidence bounds on this effectiveness, we
express [ as a statistic of My and y:

A5, -~ 0775
LS Al — 04— 0385 T

=

The expression is obtained by solving formula (2) for I.

Thanks to the generous sample sizes in Table 5-20, 'y can be

treated as an approximately normal variable with standard deviation

iR

= ,0468

r

t '

A~ (]-Pu + 1~ P + 1= Pa, ~ | = Pra )lll

n, N, Ny, A FTN

From Section 6.3.3, Fz is independent of 7, and can be treated as

approximately normal with standard deviation

52 = .0304
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As a result, I has standard deviation

i

A L Ve (260, 075) Ve (300 1000 = ey, = 05 )
s r B o+ r

(.925r, <~ p275)" (,‘z{l.\l; bl ry ~ 0Fr, — U538 r‘_)‘

-3 cov (9250 =075, S0 F 20— 0y, 035,1) Yy

(-‘IZS’r, "-075)(4805*;/2 r -—.0‘/1‘, - ,()34;,3,«1)

L5925 ts, ks R 2 -1 N )
= {% s + PR o TRl SN (r.n) - 2(-0&9)(.(1)(01(1'._;.:“) + 2004)t035)cov (1, )
5806 724

o) s> v ()(035) cov(r,, 7))\ ‘%

L3242

Since ) and I 2 are approximately normal with mean slightly
less than 1 and standard deviations that are small relative to the mean, it is

reasonable and conservative to use cov(r, ) ¥ $'n and Cov(h, Ry = s M F .

S .89¢ (‘00'05"‘ v o0ceesq w00l [ U ]y .wcmss‘)v‘.

' (e'Y

= i (001247 + .oouf1(.oom~))"=-

= .03i3

Although T is a ratio estimate, the small size of s relative to ™
suggests that the confidence bounds will be nearly symmetric., The lower

confidence bound for effectiveness of adjustable restraints

Ex =1 '('\'* """’5'5) = 5.3 pcrcen‘
The upper confidence bound
E“ = | - (r" I‘HS-S) = ls.grqrcen1
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5.6.5 The overall effectiveness of head restraints

The effectiveness estimates developed 1n Sections 5.6.2 - 5.6.4 were for
adjustable restraints. They can be used to obtain estimates for the overall
effectiveness of head restraints - the average effectiveness for the fleet of

adjustable and ntegral restraint cars currently on the road - by noting that

o 38 percent of the cars volved 1n crashes have integral restraints

(based on NCSS data).
o The effectiveness £7 of integral restraints relative to adjustable

restraints is 7.3 percent (see Section 6.3.2).

let Iy = 1 -% = .927. Lete be the effectiveness of adjustable

restraints and let ©=1 -¢. Then €,, the overall effectiveness of restraints, 1s
E.= |I-r, = (.620F + .387T)r)

The comparison of 1969 and 1968 models (Section 5.6.2) and the
compari1son with a side mpact control group (Section 5.6.4) produced 1dentical
effectiveness estimates of 10.4 percent for adjustable restraints - 1.e., = ,896.

From these estimates, the overall effectiveness of head restraints is

f' = 12.8 percent
[+
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The regression on rear wmpact njury rates (Section 5.6.3)
produced a slightly higher effectiveness ostmate of 116 percent tor

adjustable restraints - 1.e., r = 884, From this estimate,
€, ¥ 14.1 percent

Confidence bounds are obté1ned, as follows, using the estimate

based on the comparison of 1968 and 1969 vehicles:

Recall that

B - L
SR+ 0T, ~ .06, 061y ‘

where Ti was the injury reduction for 1969 models relative to 1968 (refer to

Section 5.6.2). Also,

’~
o= .9193
S1 = .0216 (the standard deviation of M)
L)
o o= .927
Sp =.0304 (the standard deviation of )
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o ' : L\~ N 2
As in preceding sections, the approximations cov (rf,, r,tt)z .S,

R .
and cov(‘l,l’.&)g!‘,sf are used. Also
s sk g >
var (an)“—? rEE "( Lot > ) = .00icH4

L }-::1. —
Thus

.t

N\ ¢
S, = .97 (L001769 + 0000245 + .DOOIGL?)’Q

= .0386

The small size of s, relative to r, suggests that the confidence bounds

will be nearly symmetric. The lower confidence bound for overall effectiveness of

head restraints

~ g )
Eog = 0= (g 1.64’55.,) = 6.5 percent

The upper confidence bound 15

EOULF-‘V—'- [ —(re ~/r645§0) = 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 primary method was based on a direct comparison of rear wmpact injury rates

in 1968 and 1969 models. The results were

o Adjustable restraints: 10 percent injury reduction (confidence

bounds 4 to 17)
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0 Head restraints overall: 13 percent injury reduction

(confidence bounds 7 to 19)

(2) Regression on rear mpact njury rates by vehicle age and type of head
restraint equipped
o Adjustable: 12 percent injury reduction

0 Overall: 14 percent injury reduction

(3) Reduction of rear wmpact injury rates in 1969-70 versus 1967-68 model
cérs, relative to analogous reduction 1in side wmpact Injury rates
0 Adjustable: 10 percent injury reduction

0 Overall: 13 percent njury reduction
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CHAPTER 6
EFFECTIVENESS COMPARISONS OF
i 5
INTEGRAL AND ADJUSTABLE HEAD RESTRAINTS

Frdm thé start, there have been two distinct methods of complying with
Standard 202:va'separate, adjustable restraint attached to the seatback and a
fixed restraintvwhich is usually an integral part of the seat. Integral |
restraints reéeived‘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
significantly more effective than adjustable restraints. It is important to
| comparé the effectiveness of adjustable and integral restraints, because both
systems currently (1980-81) sell in large volumes and the cost differences are

substantia].

6.1 Earlier comparative studies

Researchers unanimously stated that integral seats were likely to
be mbre éffective than adjustable restraints. The principal reason was that
* ‘Adjustab1e restraints are left in the "down" poéition by about

v75 percent of the occupants but integral seats are, so to

speak, always "up." [31], [32], [46], [54], [61].
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Other possible reasons suggested hy some researchers were:

* ,Ihtegra] restraints provide a flat, homogeneous seathack
surface. Adjustable seats might be shaped in a way that ines
a "karate chop" to the neck [54] or causes the head and torso

to rebound from the seat at- different velocities [62].

B | * Some adjustable seats haQe'potentially hazardéus exposed metal.
1 suffdces 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 restraint and an integral right front seat, both
positioned at Fhe same _height [60].  On the 10 mph test, the dummy in the
integral seat had éubstantial]y less neck rotation because it did not ramé
upwards 1in the seat. 'The,authors concluded that integrallseats help to |
“prevent ramping in soﬁe cases. This ﬁonc]usion is not to be found elsewhere in
‘thesliterature; On the 40 mph test, however, the dummy‘withithe 1ntegra1}"
réStraint actually had slightly greater neck rotafion'than the other dummy.
So it appéars that no firm conc]usioﬁ can be drawn from these two tests aﬁout
whether'jntegra1 seats‘arermoreveffeCtive than correctfy posifioned adjuStab]e

‘restraints.
A11 of the statistical studies were inconclusive because of éma11

sample sizeé, generally, and because they'were conducted before integral Qeats

were common on domestic cars.

204

R



When B. 0'Neill analyzed insurance data, the casés of integral
restraints were virtually confined to Volkswagens [54]. Their occupants had a
7 percent higher Fisk of whib]ash than the other (i.e., adjustable restraint)
post-Standérd cars. The d?fference is not statistica11y significant.
Moreover, as O'Neil] himself points out, the light weight and stiff rear -
structure of‘Vo1kswagens may have presented a more severe rear impact crash
environment than othér cars of the 1968-70 era. If so, this would create a
bias against‘iniégra] restraihts.

A.J. McLean analyzed data from a special study in 14 North
Carolina counties [46]. The occupants with integral seats had a 4 percent
lower rate of whiplash than those with adjustable 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 Tlower ihcidence of whiplash than occupants with adjustable restraints.

" The observed difference is not statistically significant.

States and Balcerak reported that incidence of whiplash was lower
with‘integral‘segts than with adjustable restraints‘in their Rochester special
study [61]. The injury rates are not specified in [61], but with an overall
post-Standard sample of 210 and‘predominant1y 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 National Crash Severity Study is the only probability sample
of rear impacts which specifies, for each vehicle, the type of head é
restraints. NCSS can be used in a straightforward manner to compare
occupants' injury risk with adjustable and integral restraints.

[t 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 small
(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
integra1yseats. 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 Center 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 findingé are shown
alongside the in-house results in Table 6-3.

The remainder of Section 6.2 describes the in-house analyses.

:Tﬁe two alternative restraint designs are compared in terms of
three injury rates:

* Any kind of injury

*  Neck injury

* Injury resulting in at least overnight hospitalization

These injury criteria are defined in Section 5.2.1.
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There are 788 (unweighted) NCSS cases of front outhoard occupants
of post-Standard cars involved in rear impacts, but they correspond Lo 4040
weighted cases. Table 6-1 shows the (weighted) NCSS injury rates for
adjustable and integral seats. Occupants with integral seats have lower fates

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

Adjustable  Integral Observed Reduction
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
adjustable 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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Higher damage severity also creates bias against integral seats, but 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 versus adjustable restraints is
completely analogous to the one for pre versus post-Standard 202. HSRC's
preliminary screening indicated 3 variables that might be significant
confounding factors based on their interactions with restraint type 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 control
variables is analyzed. The 2 way interaction terms are of primary interést.

Higher order interaction terms are mostly ignored because the Chi-squares are

“not that high and there are no intuitive bases for such interactions.
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1f & coatrol variable does not show significant 2 way interactions
with head restraint:and with injury risk, it is eliminated from the model,
thereby'simplifying the tables. The confounding factors that remain at this

point are:

* overall injury reduction: vehicle weight, damage severity
* vneck‘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 Table 6-2. §

TABLE 6-2
MODELS SELECTED FOR ANALYSIS OF NCSS:
INTEGRAL VS. ADJUSTABLE RESTRAINTS

I = injury

H = head restraiht 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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Finai1y,'tho ef fect iveness of integral restraints relative to
adjustable restraints is calculated using the cell entvies predicted by the

model and the effectiveness formulas shown in Section 5.3.2.

Table 6-3 shows that integral restraints are significantly more
effective than adjustable ones in preventing injury in general and neck injury
in particular. The models suggest that integral seats reduce overall injury
risk by 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-
(Reduct ion of ness
Injury Risk - %) Estimate
Any injury 20 5 33 22
Neck injury 25 2 43 21
Hospitalization 5 -42 44 N/A

*One-sided k= .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 bounds in Table 6-3 suggest, however, that the
- NCSS point estimates, although significantly greater than zero, cannot be
considered precise. The confidence hounds for overall injury reduction using
Texas data are only 10 percent wide but in NCSS they are 28 percent wide.
Thus, the point est{mates from Texas need to be given much more weight than
the NCSS point estimates, even though the latter are based on more detailed
data. The confidence bounds for the estimates from the two files largely

overlap, indicating statistical consistency 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 deriveieffectivenesﬁ 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.
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6.3 Analysis of 1972, 74 and 77 Texas accident data

In 1972, 74 and 77, police agencies in Texas investigated a total
of 1,370,000 traffic accidents. The samples of vear impacts involving
integral and adjustable restraints gleaned from these files are large enough
to allow 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 restfaints

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 neak]y
identical to one that was used for comparing head restraints to no reﬁtraints
in 1972 Texas data (Sections 5.3.1 and 5.3.2). |

The 1974 and 1977 Texas data files are nearly identical in their
Tayout 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 thé
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 tﬁe
NCSS case vehicles had integral restraints are assigned to the "integral"
class. Combinations for which 80 percent or more of the NCSS vehicles héd.

adjustable restraints are assigned to the "adjustable" class.
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Immediate]y*exc]uded‘from the analysis are those make/model/year combinations
~ for whfch
) Manj or all of the cars werce not equipped with any head restraints
0 Between 20 and 80 percent of the cars had integral restraints.
0 Theré 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
adjﬁstab]e‘restraints. There 1is not a single model in the larger size groupé
that had primafi]y 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 excluded
from the study except those models which had 80 percent or more integral
restraints in some years and 80 percent or more adjustable 1in other years.

One of the 3 tapes containing 1977 Texas data could not be used
hecause 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
were struck in the rear: 21,205 of them are assigned to the "integral
rgstraint“ class by the table look-up procedure; 17,758 are assigned to the
"adjustable restraint” class. In fact, the integral restraint class includes
make/model1/year combinations with up to 20 percent adjustable restraints
(according to NCSS), so it does not consist purely 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 "adjustahle restraint" class actually do have adjustable restraints. (The

lnok-up tables and file definitions may be found in Appendix A.)

The‘distributioﬁ ngthe accidents, by calendar year, is: 10,934 in 1972,{15,888

in 1974 and 12,141 in.1977. Table 6-4 shows the observed driver injury rates for

the two restrainf systems.
TABLE 6-4

DRIVER INJURY RATES IN REAR IMPACTS
BY HEAD RESTRAINT TYPE, TEXAS 1972, 74 and 77

Observed 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 | 0.30 0.26 15

The observed differences between the two systems in the 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 to 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 bé due, to some

extent, to differences in the characteristics of the accidents involving
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j
integral and adjustable restraint cars (confounding factors). Multidimensional
continéency table analysis, which was one of the techniques used with the 1972
Texas data to remove factors confounding 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 7
post-Standard cars.) Thus, age-related reporting differences - a bias that cannot
be corrected by multidimensional contingency table analysis - should not appéar
here.

| Ancther important confounding factor that no longer applies is
vehicle size. All intermediate and full-size cars have been removed from the
data file except those few models 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 [66]: 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 earlier analysis,

is clearly required here:
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4. Accident year: Adjustable restraints were relatively mosf
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 integral restraints. ‘

When these 4 control variables are added to the dependent and
independent variables (injury and restraint type), the BMDP3F'contingency thb]e
analysis program ha; as many dimensibns as it can effectively handle. The

printouts of the BMOP3F .analyses may be found in Appendix A.

6.3.2 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) f
T = TAD severity (1; 2; 3; 4-7) Q
A = Age (up to 24; 25-39; 40+) ;
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 is

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 hhﬁﬂ“j be the cell entries of the 6 way table predicted
by the above model. Then

MY S (0 baey)

- a=i MY ='

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,

‘ Y 30X
M2 =Z Z Z Z (Nluhsﬁ Na.twsv) = 2851
’ LEws J
t=l o am s 9= J

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 is

Ni=Na _ 3060 — 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 change 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. 1In
this analysis there is no "age effect" so there is no reason to suspect strong

net bias in -one direction.
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“Empirical confidence hounds for effectiveness are obtained by

| decomposing the file into 10 systematic random subsamples {as in Section 5.3.2).
The same model that was applied to the entire file is applied to each subfile and
the predicted injury totals Npj(i) and Nyo(i) are calculated for each subfile by

- the same formulas that were used to derive Nyy and Nip 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 A1l Cars in Adjustable If A1l Cars in Integral
Ending in i) Restraint Class Restraint Class
Ngp () le(i)‘
1 293.83 284.97
2 282.72 292.47
3 324.54 278.08
4 | 337.61 273.96
5 ‘ 329.95 294.92
6 | o 297.11 277.09
7 : 296.43 262 .52
8 327.43 281.85/
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

(i)

each subfile (Njj and ng(') ) should be approximately one-tenth

of the predictions for the whole file (Njj and Nip). 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
q
Y = 2 N\, = 2848.03
RV ~i/‘v_
Sx =( L“’E N, XJ) = 70.49

y ( [Zu “ -”") — 52.46

A lower confidence bound (one-sided &K = .05)

for effectiveness E is obtained by solving

-1.833 = f;-@)( —
(53 +(05,)7)"™
E,=1-6

(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 N 9)(
1.833 y —
(S, HBsY )™
Ey =1-Q
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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 bomputing

~ Since -2.42 is in the critical region (ol = .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 aétual 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‘c1ass actually had integral restraints and 4.05
percent of tﬁé cars in the integral class had adjustable restraints. The
injury rate for the adjustable class slightly understates the true rate fbr
‘adjustable restraints. Conversely, the,integral class rate overstates the
‘rafe for integral restraints. The effectiveness E computed by the model for
the class rates can be carrected to obtain the true effectiveness £ of

integral restraints versus adjustable restraints:

JON05 #9595 (I~ E7)
9694 + .,0306 (1-E”)

=1-E=.932

Thus £/ , 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 solving

.0405 + .9595 (1-E; )
694+ L0306 (V-E))

= | -E, = .983
”
E, = 1.7
/
The upper confidence bound E, is obtained by solving

0405+ 9595 (1-Ey) _  _ o _ egy
96 + 0306 (i-E7) -

El=1n.77

6.3.3 | Results - integra1 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'confideﬁce bounds on this effectiveness.

‘ - Let £ be the effectiveness of integral restraints relative to no

restraints gnd‘let R=1~E. | |

As in preceding section, let El= 7.3% be the effectiveness of
intégra] res;raints relative to adjustable restraints. Now define rp =1 - E,
= 927 '

In Section 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 = .89,

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=1-rpr=1-(.927)(.896) =1 - .831 = 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

- injwrﬂ rale 1969 nw,‘elr)
i'\jurj rate n 1968 modele

1

~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 adjustable, 6 percent integral, 88 percent no restraints. Therefore

ry = Ble + 07TR + .12
1 e + %R 1.8

Since R = rrg, r = R/rp. Thus

BIR/m + OTR £ LI
o% P\/rL + .OBR + .gg

\"1=

When this equation is solved for R, we obtain

_ -Q)% V.F;_ d 0‘1 r)_
A+ 0Ty ~.06r — .06h05

In Section 5.6.2, it was shown that ry is approximately normal with mean dnd

standard deviation:

N

ri .9193

i

Sy = .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,

A

Y = 2848

Sy = 52.46

N

X = 3060

Sy = 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
1885 o (S /e
Sop = (‘73’ ._ =
2 % Tone s o ) 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 a 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 g)= [Var(1-R)T" = (var R)™

~/
s
c—

A Ver (.%%r,r,_— ,llr,)' + Vir (.‘3\ + 0T - .06r — .06 r,,)
(88rr, —. 120 )" (.8l + O7r, —=.06F = .06rr )™

4 l/’;
5 cov (88 re —d2e, 81 +.07 ¢, =06, “-Oéﬁfz)
(Reor-.20) (814070 ~.06r, -0, ) |

86* Var (nre ) + 278, = 2089(n) we(nin, r)
L3857

= $3

+ o745, 4.06%s* .06 Ve (e + 200U(0) el , )= U)o (r,, ror i

iy

. 34907
i !
+ (a8)(,06) cov (s, e} + (9BI(06) v (i) = |o12Lo06) ¢ 38(7)) cw(r.rl,&> +()(.00)s>
| L2386
Note that
var (RR) = ?.‘Ff( %.1 ‘ f‘ﬁ) = .00164
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~ o . .y": s . . )
 Also, assume.cov(ry,rp)=1r,S, and cov(n,nr)¥ R ST which is :

“approximater c&rreét when ry,rp are independent, normal, with means close
to 1 and small standard deviations. Then

i

S = .831 (.002862 + .0000245 + .0003553) "

= ,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

Ej.= 1 - (R+ 1.645 S) = 9.1 percent

| The upper confidence bound is

£, =1-(R - 1.6455) = 24.7 percent

6.3.4 - Summary

Drivers of cars with integral restraints were found to have a 7.3
percent Tower 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

Reduct ion) Lower Upper
% % %
Integral versus no regtraint 17 9 25
. Adjustable versus no restraint 10 4 17
11ntegra1 versus adjustable 7 2 12

[

*One-sided &L= .05
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CHAPTER 7

THE ACTUAL COSTS AND BENEFTTS OF HEAD RESTRAINTS

One of the goals of this evalual.ion 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 Objectives

The benefits of head restraints are the injuries that will be
prevented annually in highway accidents when all cars are equipped 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 by 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
appearancé. 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
calculating overall cost.

The chapter also calculates the costs and benefit of an all-integral
restraint fleet and an all-adjustable 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 evaluation came from various years:

1979 - NASS estﬁmates on the number of injuries in rear impacts
(the “base" year) |

1981 - cost factors

1978 - NCSSAdata on the mix of adjustable and integral restraints

1972, 74 and 77 - Texas estimates of effectiveness
1969 - Restraint hardware which was cost-analyzed
Since restraint hardware has changed relatively little over the

years, it is believed that the biases due to using data from past years are

small. ,

i
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 Tifetime cost of owning 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 5n
- fuel consumption 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 techniques 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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prertandard cars. In the case of Standard 202, the only measurable change in
the‘vehid1e$ was the addition of head restraints. Seal reinforcements in pre
- and post-standard cars were compared and found to be similar. Moreover, since
the restraints were essentially "add-on" equipment that had no counterpart in
pré-Standard cars, no further detailed teardown of the pre-Standard cars was
needéd.

| | 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 quantity and the amortization period.

These data are first used to calculate the total weight and variable
cost of each head restraint in the study sample. As Figure 7-1 shows, the
variable cost includes direct material, direct labor 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 years, for wholesale price relative to variable
cost plus tooling (see [36], p. 6). Finally, dealer markups for expenses and
profits are added to the wholesale price to obtain the consumer price. The
percentage amount of dealer's markup is based on the overall average ratio 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 sample consisted of adjustahle restraints from 11
different 1969 caﬁs, representing all 4 domestic manufacturers and the 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 seatback tall enough to meet the height requirements of Standard 202
by itself (see Section 4.3). The cost and weight of this system consisted
only of the additional material and 1abor necessary to provide the increase
in seatback height, relative to a corresponding 1968 model.

The study sample did not 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
frqm the study shou]d 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 popular 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'dof1ars in this report by the use of the Consumer 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 réstraints were found o 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 require nearly 10 times as much labor to produce [36]. An
integral seatback, in most cases, is nothing more than a tall v;rsion 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 because it contains
extra paddjng to prevent occupants from contacting the exposed shaft when
the restraint is "up". Furthermore, adjustable restraints are especially
common on bench seat cars, where Sﬁandard 202 requires a wider - i.e.,
bu\kier‘- restraint than on bucket seats (see Section 4.2).

Each incremental pound of weight added to a car results in the
consumption of an average of 1.1 additional gallons of fuel over the
lifetime of‘thé car [17]. The aQerage 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
0 Adjustable: $40.14, Tifetime per car
o Integral: $12.33, lifetime per car

] Secondary vehicle weight increases are sometimes needed to
compensate for the weight added to certain parts of a car by 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
redésign 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 enlarged. It would seem unlikely, then, that subsystems remote

from the head restraints were enlarged. ‘ i

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

Yy = .75 MYy + .25 MYpyq

(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

Calendar Year

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

10 YEAR TOTAL

Salesl

9,441,0002
8,397,000
10,234,000
10,935,000
11,427,000
8,851,000
8,628,000
10,100,000
11,179,000
11,304,000

100,496,000

Percent with
Integral Restraints3

Number with
Integral Restraints

11
20
30
34
34
34
37
31
28
22

1,039,000
1,679,000
3,070,000
3,718,000
3,885,000
3,009,000
3,192,000
3,131,000
3,130,000
2,487,000

28,340,000

! Based on "Automotive News 1980 Market Data Book," [8], except 1969

2 Based on 1970 Ward's Almanac [67].

3 Derived from NCSS
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Table 7-1 shows that just over 28 percent of the cars sold 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: $324 million (1981 dollars)
If all cars were equipped with integral restraints, the cost would be '

o Annual cost for 100% integral restraints: $123 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 "Effectiveness, Benefits and Costs of Fedefa]
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 automobiles and parts, vehgcle
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 Standafd
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 integral), the GAQ'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 restraints are defined to be the casu&Tities
that will be prevented annually, by the types of restraints currently on the road,
when all bassenger cars are equipped with them (see Section 7.1) |

The casualties prevented by head restraints are nonfatal injuries - viz.,
whiplash. Based on the FARS analysis (Section 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 reasonab]e 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 probably
due to the effects of other safety imprbvements on injury mechaﬁigms besides
whiplash.

Thus, the benefits of head restraints are expressed by a single number:
the number of nonfatal (mostly minor) injuries prevented.

The benefits B equal the number of injuries N that would have occurred
in 1979 if no cars were equipped with head restraints, multiplied by the overall
injury-reducing effectiveness 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

restraints. From Section 5.6.5 based on 1972, 74 and 77 Texas data,

g = |L.8"7
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is the overall effectiveness of head restraints. Thus,

A An
Benefits =B = NE = 64,226 injuries prevented annually if all

cars had head restraints.

For confidence hounds on this est imate, recall that in Section
3.1.2 the standard deviation of N was

Sy = 73,914

and in Section 5.6.5 the standard deviation of & was

SE = 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 distribution with 9 df.

If N is to be treated as a normal variate, it is prudent to inflate Sy

prior to using it in calculations -- i.e., use
7 1.853
= PR R, =N =
SN —cas SN 82,361

where 1.833 is the 95th percentile of t (df = 9) and 1.645 is the 95th
percentile of the unit normal distribution.

Thus, it is possible to treat N and € as normal variates with
means‘ﬁ and 15 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 current 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 €.
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As a result, N and € are nearly uncorrvelated and can be treated as

independent normal variables. Thus

sg T B LGLN R gy ]

H

64,226 [.0269 + .0909]Y>

H

22,044

is the standard deviation of B.

Even though the benefits are based on a product of two positive
numbers, the confidence bounds will be nearly symmetric because the relative
variance of € (.0909) dominates the relative variance of N (.0269)

A lower confidence bound (one-sided oK =.05) for the ovérall

annual benefits of head restraints is given by

~ 0 .
BL =R ~ lL6¥s Sp= 27,963 injuries prevented

The upper bound is

B.,

iR

E\ + LE4S Sp ° 100,489 injuries prevented

For integral restraints relative to no restraints, the

effectiveness

A
‘éI = 16.9%
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with standard deviation

Sp = 4.73

(see section 6.3.3).

If all cars were equipped with integral restraints, there would be

-\ ~ N
Egt:= N €. = 84,798 injuries prevented annually.

Since the standard deviation of this estimate .
~ iy g Vi = g 798 [Lou6q + .0783]%
Se= B[ (570 + (sg /8L) ] = 84798 [Loxeq ?J

= 27,504

the lower bound for the benefits of a fleet of 100 percent integral restraints

is
~

= 39,553 injuries prevented annually

and the upper bound is
~ D X - - soa s
B.r = By + Loks Sg; = 130,043 injuries prevented annually

Similtarly, for adjustable restraints, the effectiveness is
N

€, = 10.4%
. with standard deviation

Sp = 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
' ”~

‘ ~A ,
BA = N £A= 52,183 injuries prevented annually.

Since the standard deviation of this estimate
Spa = EA[U’“ JRYE+ (a7 8407 ] = 52,083 (02 + 1399 ] %

= 21,312

the lower bound for benefits of a fleet of 100 percent adjustable restraints is

BLA Y 17,124 injuries prevented annually
and the upper bound is
| Bu.[\ Y 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 f;ohtlpassengers differ in vegard 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

PaS
B drivers = .746 @ = 47,913 injuries prevented annually and for

the right front passengers they are

N N
BRp = .254 B = 16,313 injuries prevented annually
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The same proportions are applied Lo the confidence bounds BL and By to
obtain interval estimates for each seat position as well as estimates, by
seat position, for an all-integral or all-adjustable restraint fleet.

Table 7-2 gives a full classification of benefits - best estimate

and confidence bounds - 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 A oA A
B~ B :M(€1-2)= 84,798 - 64,226

it

Benefits

20,572 additional injuries prevented

For an confidence bounds, note that only the 62 percent of crash
involved vehicles currently equipped with adjustable restraints would be
affected (see Section 6.3.3). Let

N N
Na = .62N = 311,093

4 /
SNyp = -62sy = 51,064

These vehicles are already receiving the benefits of adjustable restraints.

Thus, Np is already diminished by 1 - £A . If E is the effectiveness
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of integral restraints relative to adjustahle restraints then

N

' ’”~ ‘ ~
Benefits = Nay ( 1= €4 ) E

Thus,‘bénefits can be treated as the product of three more or less

unﬁorne1ated, normal variates. From Section 6.3.3,

7.3% (effectiveness of integral relative to adjustable)

S{ = 3.04 (inflated to tréat E as normal)

Theréfore

SBcneF;l's | Bene* ks [‘ (

e

V) G ()"
= o [(F45)" + --) =) 1"

B4.6 1.3

- 20,571 [.0L6‘l + 0019 + “15‘1]"11_

= 929

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 a normal distribution. As a result, in this case, 1.645 standard

deviations on either side provide fairly realistic confidence bounds.
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A lower confidence bound for the incremental benefits of changing to an

all-integral fleet is given by

i

Benefits - 1.645 ¢ 5,354 additional injuries prevented.

“Benelils
The ugper‘bound'is ‘ |
Benefﬁts " 16455y e C 35,790 additional injuries prevented
7.4 ‘Cost-effectiveness

The cost-effectiveness of head restraints is expressed in this

| evaluation as the number of injuries eliminated per million dollars of cost.

Since, overall, head restraints eliminate 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

<G”a116//31¥) = 200 injuries eliminated per million dollars

The‘confidence bounds for benefits (see Section 7.3 - one-sided

]

o = .05) were 27,963-100,489 injuries prevented annually. Thus, a Tower

confidence bound for cost-effectiveness is

(u,% 3/ 31_q)‘

11

90 injuries eliminated per million dollars

The upper bound is

(IOO,H%Cl/“31!1) 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 restraints
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and another fleet of all adjustable restraints. It is thus possible to
calculate the cost-effectiveness of integral and adjustable restraints. b
Also, in Table 7-2, benefits were tabulated separately for the driver's
and right front seats. Since the restraints at the two seat positions
are identical, each one could be said to cost half of the total.
Cost-effectiveness of head restraints at a given seat position,
therefore, 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.

Table 7-3 shows the cost-effectiveness estimates and their

confidence bounds by restraint type and seat position.

Large variations in cost-efféctiveness 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 dollars. This is a 17 to 1 ratio of cost-
effectiveness. In general, integral restraints are about 5 times as
cost-effective as adjustahle 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 restraints because of

the difference in occupancy rates.

The cost-effectiveness findings beg an obvious question:
o What is a "reasonable" cost to pay to avoid whiplash and how
does it compare to the cost of head restraints per injury eliminated?
| Whiplash is a tybe‘of injury that usually results in quantifiable
economib 1osses£ the losses occur over a limited time period (almost
always fess than a year; usually much Tess) and the victim can be given full
restitution for them. “Whiplash hardly ever endangers Tife or causes
permanent disability (economic losses that ére harder to quantify). In
additjon td‘economic losses, however, whiplash causes pain and suffering
which; a]thdugh of Timited 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 figure because the pain-and-suffering portion of
the losses is only indirectly quantified.
| The lower end of the range is based on analysis of the economic
lTosses 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 Lhat the average sozietal 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 connection
with the Restraint Systems Evaluation Project showed that the average direct
losses for "“pain" injuries - predominantly whiplash - were within $2 of the
average for all minor injuries (see [35], pp. 68-71). Likewise, an analysis
of‘Nationa1 Crash Severity Study data on days of bed rest, activity
restriction énd absence from work reveals little difference between nonserious
feaw impact casualties and other crash victims who were not seriously injured.
ThQs, 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 to 1981 socigta] costs by multiplying
by 193.3/125.5. As a result, the 1975 estimate corre%ponds to $670 in 1981
dollars - a lower becund for the price worth paying to?avoid whiplash.

An extensive survey of liability claims payments during late 1977
was performed by the All-Industry Research Advisory C¢unci1 [7]. The
average payment for “neck strain® was $1499 which inc*uded $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
corresponds to $2073 in 1981 dollars, including $1232 for pain and
suffering. Add to the $2073 Faigin's estimate for insurance administration
($80 in 1981 dollars) to obtain a total of $2153. Since liability payments
are often considered generous and since many whiplash victims do not seek or
do not receive the payments, $2153 can be thought of as an upper bound 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

a million dollars on whiplash reduction if at least 460 - 1500 whiplashes

are eliminated.
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CHAPTER 8
THE EFFECT OF HEAD RESTRAINT HEIGHT

ON INJURY RISK

The purpose of a head restraint 1s to effectively raise the seat back,
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 restraint protects even the tallest occupants. Additional

height would provide few incremental benefits.

What is the minimum level for head restraint height that approaches full
benefits? What is the relationship between head restraint height and injury risk?
To what extent is the performance of adjustable restraints degraded because they are
left in the "down" position? What 1i1ncremental benefits, if any, could be achieved
by higher restraints? These questions and 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 —1;e., up
té the skull. Additional seatback height would provide 1ittle additional restraint.
The seathack would provide Tittle or no protection if 1t fails to reach even the
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 1intermediate 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 will now be calculated for 70 1nch

{50th percent11e‘ma1e) occupants, hased 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 in the chair. This height is

normally distributed with a standard deviation of 0.77 inches [5].

The typiﬁa] automob1le 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 normally
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 normal distributions. It is
normally distributed with:

'A

o

27.5 - 1.25 = 26.25

it

(.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 is somewhere 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 én 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 1ntermed5ate protection 1s the sum of the normal distribution of heights
to the base of the skull and the unmiform distrabutaon of 0 to 4 inches below the

hase of the skull. This distribution has the cumulative distribution Funchion [50]

H(a) = p(U(-H,o)(X) + N(,"w.wl, 1) (y) < a)
j‘-: J‘.";"ﬂ {‘N 4’(‘3 lG.Lb*) f “l<x~0} AK 017

[+ atherw.se

C:qj_:“n(“-j}“ i P q-26.26) dxdy

f:;&?v74¢(3—2515)4xAj +-S:“ﬂj“‘3% § ly-2625)dxdy

-4
J:;q‘('ﬂ* 24'15)43 + J—:”(u_nfq),; ‘[5(5~26J~5) "{‘j

é (n~ l(..lb') + .‘71 S:W o ’11'75) %‘.‘3*26 .15)&3 -+ ‘q S:m"‘ (“)“2‘-&5’) f‘ (J ‘Z"ZS)JJ
@ (a-2%.25) + ;’. (a-22.25) (F («-22.28) ~ (- 2¢.25))

H

i

H

I

H

1

I -Gty wly-26.25)" /2
4+ -M-26.15 1 P
= o e y

@(’w- 2%.25) + L (a-22.25) (Q‘(u-u.xg) - § a- u.,;s‘))
, ( = (a-2025)" - (a- 1(;,25“)")
he W& F < "

+

Since H(21.35) = .025 and H(27.15) = .975, 95 percent of the range of
seatback heights providing intermediate protection for 70 1inch occupants is 21.35 -
27.15 inches. This interval can be construed as the effective range within which an
increase of the seatback height will substantialiy enhance the resultant protection.
The width of this interval is 5.8 inches. It is greatér than the posterior neck
Tength of a single person (4 inches) because 1t 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. Approximately the same

ratios of seatback heights to standing height are derived for persons taller or
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shorter than 70 inches, because seated height of the base of the skull is very

nearly proportional to standing height [5].

Based on anthropometric considerations, then, it 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 if 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
mate (70 inch) dummies [11]. He used seatback heights of 22, 24, 26 and 28 inches;
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 seatback height when the latter was 1in the
24-28 nch range. In other words, the 6 dummies with the 28 inch seatback all
experienced less than 25 degrees of rearward rotation of the head relative to the
torso (well within voluntary limits of neck extension). The dummies with 26 inch
seats experienced a head/torso angle varying from 35 to 60 degrees - more or less
the vo]untary Timit of neck extension. With 24 inch seats, the dummies suffered

80-110 degrees of head rotation, exceeding the voluntary Timits [61], [62].

The dummies with the 22 inch seatbacks suffered hyperextensions which
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were on the aveﬁagef Just slightly larger than those of the dummies in the 24 1inch

seats.,

Berton concluded that 26 inch seatbacks provide adequate protection for
50th percentile males without creating visibility restrictions for small females.
After all, a 30 mph sled test is extremely severe compared to typical rear impact
highway:accidents, yet the dummy's neck extension was more or less within voluntary

limits.

In relative terms, a 28 inch seatback is 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 inch 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 about 33-39
percent of the dummy's height: 33 percent, because the 22 inch seatback (31
percent) performed slightly worse than the 24 1inch seat (34 percent). So the lower
bound may be just below 24 inches; 39 percent because the 28 inch seatback (40
percent) appears to exceed slightly the requirements 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 in seating
height relative to standing height in the 70 inch human population. Also it 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 pertent for

- dummies corresponds to an interval of 31 - 39 percent for human occupants.

The range of seatback heights providing intermediate protectlbn, based
on Berton's sled test (31 - 39 percent of the occupant's standing height)
“corresponds closely to the range calculated from anthropometric measurements 1in

Séction 8.1 (30.5 - 38.8 percent). i

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 inches tall and weigh 205 poundQ: this is a major
variation from the 50th percentile male dummies used by Berton. It was found that
28 1inch integral seatbacks or adjustable head restraints generally provided
Sat?sfactory protection against hyperextension of the neck. A 28 inch seatback is
38 percent of the height 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 ;o dummy height yielding various levels of protection appears to bé

consistent with Berton's findings.

Another difference n Berton's and Severy's experimental conditions was
that the former only used "rigid" seatbacks whereas the latter employed a mix of
“vigid" and production seatbacks. 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 the seatback

(ramping). This effectively lowers the head restraint relative to the neck. Severy
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observed significant amounts of ramping in the severe impacts with production
seatbacks and the ramping was accompanied by hyperextension of the dummy necks. If
ramping is frequent in highway accidents, 1t would require taller seatbacks to
compensate for the 11fting of the occupants. Thus, 1t is possible that the
anthropometric calculations and Berton's results, neither of which made allowance

for ramping, understate the relative seatback height needed for full protection.

8.3 Results from the National Crash Severity Study

The National Crash Severity Study is the only probability sample of rear
mpacts for which the occupants' height, the seatback height and the occupants'
Injuries are known. The NCSS data make 1t possible to reliably obtain 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 small,
however, to determine the relationship between relative restraint height and injury
risk (Section 8.3.2). But the NCSS data on the actual distribution of restraint
heights, in Combination with the effectiveness estimates from Texas data, do permit

speculative inferences about the height-injury relationship (Section 8.4).

8.3.1 Distribution of seatback heights

The cumulative NCSS distributions of actual seatback heights, for
adjustaéle and integral restraints, are shown in Table 8-1. The seatback height 1is
the distance, in 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 1S not the same as
the Standard 202 compliance test, where height is measured from the "H position" of

an occupied seat. According to Dr. 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 8-1
CUMULATIVE NCSS DISTRIBUTIONS OF
SEATBACK HEIGHTS BY HEAD RESTRAINT TYP:

Seatback Cumulative Percent of Occupied Seats
Height Adiustatle Integra’l Pre—Sgandard
(inches) (weighted N=2373) (N=1325) 202+
19 - - 1

20 - - 5

21 - - 20
22 L - 57

23 3 - 7¢

24 15 - 95

25 38 - 100

26 57 5 . -

27 7 BT .

28 87 \ 46 -

29 97 90 -

30 99 98 -

3 100 99 -

32 - 100 -

* Inferred distribution: first 75 percentiles of "adjustable" distribution,

minus 3 inches
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NCSS does not contain measurements of seatback height for pre-Standard
cars. But a d1§tr1but10n can be inferred by noting that about 75 percent of
adjustable restraints are in the "down" position (see Section 4.4). The lower 75
percent of the adjugtab1e restraint height distribution is used and, moreover, 3
inches are subtracted because an adjustable restraint in the "down" position extends
about 3 1nches above the rest of the seat (author's observations of 100 cars).

Figure 8-1 is a graph of the cumulative distributions. The pre-Standard
seats are the Towest and the integral seats the highest. The curves for the
pre-Standard and integral distributions have nearly the same shapes but the integral
seats are, on the average, 6 inches taller. In particular, the median pre-Standard
seat is 22 inches and the median integral seat 1s more than 28 inches. The highest
pre-Standard seats are lower than the shortest integral seats.

The height distribution for adjustable restraints 1s clearly broader
than for the other 2 types: the distribution curve is not nearly as vertical. This
1s because restraints can be adjusted to a variety of heights. In its lower range,
the curve for adjustable restraints 1s midway between the twg othe} c&rves
(restraints in the "down" position). In the higher percenti{eé, the curve
approaches the distribution for integral seats (restraints in the "up" position).
The median seatback with adjustable restraints 1s 25 1/2 inches high.

Table 8-2 shows the cumulative NCSS distributions of seatback heights as
a percentage. of the height of the person occupying the seat. The distributions for
adjustabie and integral restraints are based on actual NCSS cases. The distribution
for pre-Standard cars is constructed from the nferred pre-Standard seatback heights
(Table 8;1) and the distribution of occupant heights on NCSS. (Since pre-Standard
seatbacks ére not adjustable, 1t s reasonable to assume that their height and the

occupant's height are independent).
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TABLE B-2

CUMULATIVE NCSS DISTRIBUTIONS OF SEATBACK
HEIGHT AS A PERCENTAGE OF OCCUPANT HEIGHT,
BY HEAD RESTRAINT TYPE

gﬁi&EREE,ﬁEiﬂﬁl (%) Cumulative Percent of Occupied Seats
ccupant Height
cup &9 Adjustable Integral Pre-Standard 202*
27 -- -- 1
28 -- -- 3
% ” . 16
31 1 .- 27
32 2 -- 38
33 6 .- 53
34 9 .- 65
35 13 -- 76
36 20 .- 85
37 26 2 90
38 41 1N 95
39 52 20 96
40 68 3 98
4) 77 40 99
42 85 48 99
43 90 64 100
44 93 n .-
45 94 80 --
46 97 90 --
47 98 94 --
48 99 96 .-
49 99 o8 --
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 heigﬁts of integral seats are about 9 percent
greater than pre-Standard seats and about 3 percent greater than '
adjustable head restraints (in the posftions 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 of
occupant height; of integral 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 1ntermedia£e
restraint effectiveness was about 31-39 percent 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 a result, the injury reduction for
post-Standard seats relative to pre-Standard understates the injury

reduction for "full" protection versus "no" protection (éee Section 8.1).

It is interesting to compare Figure 8-2 (relative seatback
height) to Figurc 8-1 (absolute height). In the latter, the "adjustable”
curve was less veftical than the other 2 curves, reflecting the variation
in the adjustment of these restraints. In Figure 8-2, the “"adjustable"
curve is about as steep as the other 2 curves, at least in the 2 middle
quartiles. This is because the taller occupants are more likely to
raise the restraints - thereby reducing the variance of relative heights.

The Tong tails of the "adjustable" curve represent the outliers - tall
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persons who did not raise the vestraints and short occupants who

neglected to lower a restraint that was previously raised.

Be3e2 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 weaker relationship was expected. Forr
these reasons, multiple regression using relative seatback height as 8
piecewise linear continuous variable is the appropriate prosedure for

investigating the relationship.*

Two multiple regressions were run: one using neck injury as the
dependent variable (1 = neck injury occurred; 0 = none) and the other using
presence of any injury as the dependent variable. The regressions were,
of course, limited to those cases where both the injury variable and
the relative seatback height were defined. Both the seatback height
and the occupant height had to be known. Specifically, since NCSS does -
not contain seatback height information on the pre-Standard 202 cases,

‘they were excluded 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 ]. This method obviously does not
properly model the suspected relationship and it will not be discussed '
here. |
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Relative seatback height was treated as a piecewise 1inear continuous

independent variable as follows: two variables were defined

" Relhgt (30.5-38.8) = min (}§§5g3§§ﬂ§g;gg§ X 100, 38.%)

\

. seatback height 100. 38.8 )
Relhgt (38.8 +) max <}ccupant heTght X 100, 3 '%/

Since none of the NCSS cases had relative seatback heights
Tess than 30.5 percent, Relhgt (30.5-38.8) is a linear varfable within the
range of seatback heights with intermediate effectiveness (30.5-38.8% of
occupant height - see Section 8.1). 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, adjustable = 2) was another
independent variable. Its role is to test whether integral restraints
are more effective than adjustable restraints merely because, on the
average, 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 8-3 shows the coefficients of the independent variables
2s 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 occupant's height, each 1 percent fncrease {n seatback
height leads 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
incréase only leads to a 0.6 percent reduction of neck injury risk, The
regression suggests that adjustable restraints are slightly inferior tp
integral restraints of the same height, increasing neck injury risk by 2,1
percent. Within the 30.5-38.8 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, clearly indicate that none of the coefficients are
significantly different from zero. Because the NCSS sample is small,
it could be pure coincidence that the observed results come so0 close to

intuitive expectations.

Table 8-4 shows the coefficients of the independent variables
as predictors of any kind of injury. The results are not 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 (38.8 +): 1in 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. Integral

restraints are predicted to be safer than adjustable restraints of the
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TABLE B-3

COEFFICIENTS OF REGRESSION OF NECK INJURY BY
RELATIVE SEATBACK HEIGHT, NCSS |
(Unweighted N=509)

t for Hy:

Independent Variable Coefficient Coeff. = 0
Relhgt (30.5-38.8) -0.014 -0.80
Relhgt (38.8+) -0.006 -0.83
Head restraint type 0.021 0.44
Sex | 0.071 1.54
Extent of damage 0.016 1.13
(Intercept) 1.002 1.47

TABLE 8-4

COEFFICIENTS OF REGRESSION OF INJURY BY
RELATIVE SEATBACK HEIGHT, NCSS

(Unweighted N=524)

t for Hp:
Independent variable Coefficient Coeff. = 0
Relhgt (30.5-38.8) -0.003 -0.16
Relhgt (38.8 +) 0.001 0.16
Head restraint type 0.051 1.02
Sex 0.085 1.77
Extent of damage 0.022 1.52
(Intercept) 0.421 0.59
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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 coefficients differ significantly from zero and

the observed relationships among the variables are not statﬁstica]ly

meaningful.
8.4 Computations based on Texas effectiveness and NCSS seatback
heights ' :

It 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-
back heights relative to occupant heights (Table 8-2 and Figure 8-2).i7
From Texas data, the injury redhcing effectiveness of adjustable and
integral restraints is known within narrow confidence bounds. The
pufpose of this section is to compute a relationship between seatback
height and injury which is consistent with the NCSS distributions of

height and the Texas effectiveness results.

8.4.1 ‘Head restraint height and injury risk

It takes 3 operations to compute a relationship between
seatback height and injury which is consistent with NCSS height
distributions:

(1) 4 relationship between seatback height and injury risk is
hypothesized.

(2) This hypothesized relationship, in combination with the
NCSS distributions of adjustable, integral and pre-Standard seatback
heights relative to occupant heights (Table 8-2) leads to estimates of
the efféctiveness 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 hypothesized 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 likely relationships between seatback height
and iﬁjury. |

The procedure involves assumptions, sometimes speculative,
at various stages. The assumptions are marked wiih bullets as they are
introduced in the text.

The anthropometric considerations of Section 8.1 (which are
supported by the laboratory testing of Section 8.2) already provide a
good idea of the likely relationship of seatback height and injury. They
suggest that it is important to consider the seatback height relative to
occupant height. There is a critical range of relative seatback heights
within which increased height reduces injury. Outside the range, injury
risk is insensitive to seatback height. The width of this range was
about 8 pércent of the height of the occupant. In view of these
considerations, it will be assumed that

® There is a certain minimum percentage h, of an occupant'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
"no" protéction.

For simplicity, assume also that
@ Between hp and hg + 8 (within the range of intermediate
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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

& Injury risk is only a function of seatback height
relative to occupant height. For example, an integral seatback that
is 38 percent as tall as the occupant is no more effective than an
adjustable restraint that was positioned at 38 percent of the occupant's
height.

The validity of this Tast 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 hg and&
which determine the piecewise linear height-injury function.

Table 8-2 gave the cumulative distributions of seatback
heights relative to occupant heights. Let Cagr C14 and Cpy be the table
entries for adjustable, integrdl and pre-Standard seats opposite 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

ho het? G-4s) So ,
o= 2 (aima )+ (- )« T ) (o=,

TF%) teht 1ohot?

- .‘.07 .;"‘\o)
= gy, ¢ hzm(:—‘ S a4+ (-g) (100~ )
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Similarly, the nverall injury risk for integral restraints is

het 7 Ci- &)L
= +2 (- J(exi=rin) + (=) (100~ ey, 45)

iehot!

and for pre- Standard cars it is

_LSL ‘
ry Z (r= = )(epi=Cpo 5*(!23(’0"'CF~°+7J
sl»?
In other words, the effectiveness of adjustable restraints is calculated
) to be ‘ fZi
iA ks rP

Now it remains to'check whether the estimatestp andtj 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.

Recall that the Texas estimates of adjustable and integral
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. adjustable restraints in 1972-74-77 data (6,3.3)

Since 81 percent of the crash-involved MY 69 cars on NCSS have
adjustable restraints and 7 percent have integral restraints, whereas only
6 percent of the MY 68 cars have adjustable restraints and 6 percent have integral
restraints,

S Sr Liax 1

is the effectiveness estimate for model year 1969 versus model year 1968,
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based on the hypothesized height-injury relationship;

£ =1 - 1-&
2 T

is the effectiveness estimate for integral versus adjustable restraintﬁ.

In the 1972 Texas data, the effectiveness of model year 1969
versus model year 1968 was 8,1 peréent and its standard deviatfdn'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 was treated as an observation from a normal popuiation) was
3.04. Since the two effectiveness values are derived by procedures independent
from one another, they can be treated jointly as observations from a bfvariate
normal distribiution with 2ero correlation. In other words, if

57'81) 62-73 <(1649

3.04

then g, andg , are witnir the 90 percent confidence ellipse of effectiveness

values statistically compatible with the Texas results.

In turn, the parameters hgand £ that generated £; andg

define 2 relationship between seatback height and injury that is compatible with

the Texas results,

Table 8-5 lists and Figure 8-3 plots the values of ho, hot8
(interval within which seatbacks have intermediate effectiveness) and € (injury
reduction for "full" protection versus "no" protection) which are compatible with
the Texas results., The lowest compatible intermediate range of seatback heights
is 30-38 percent of occupant heights; the highest is 40-48 percent. Thus, the
range obtained from anthropometric calculations and laboratory tests (31-39

percent) is 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 cbnsiderably larger than the average effectiveness of current
héad 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 Table 8-2.

TABLE 8.5

PLAUSIBLE RELATIONSHIPS OF SEATBACK
HEIGHT AND INJURY RISK

(compatible with NI5S hefght distribution and Texas effectiveness)

ho ho + 8 £
' Height where Seatbacks Height where Seatbacks Injury Reduction for

Provide no Protection Froviue Full Protection ho + B versus ho
{2 of Occupant Height) (% of Occupant Reight) )

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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1

Specifically, the (integer) values of ho and £ that come closest to

predicting the effectiveness aétual]y observed in Texas are 35 and 23,

In other words, the NCSS and Texas data imply that
{1) Seatbacks provide no protection if they are less than 35

percent as té\l as the occupant

(2) 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 8 72 inch occupant) reduces rear impact injury risk by 23
percent relative to a seatback 35 perceht as tall as the

occupant (25 inches for a 72 inch occupant).

It should be noted that this point estimate of 35 for ho is
4 percent higher. than the point estimates of 30,5 - 31 derived from antbropometric
ca]tu1a£ions and laboratory data (Sections 8.1 and 8.2). This discrepancy is
obviously 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 occupant's
torso ramping up the seatback during rear impact, thus
requiring a higher seatback to protect the head and neck
(see Section B.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 effectivé than adjustable restraints, except fo the
extent that the latter are adjusted to a lower position,
1f, in fact, integral restraints have greater benefits
than adjustable restraints 1ifted to the same height, it
would have caused this method to underpredict the ef--
fectiveness of integral restraints and, conversely, to
overemphasize the role of tall seatbacks in preventing

injury. In short, it would bias ho upwards.

Thus, if (a) is true, 1t would indicate that the anthropometric
caI;ulations and laboratory tests understate ho, while if (b) is true, this
method overstates it, 1n either case, though, the discrepancy is Jjust 4 percent
of an occupant's height, or 3 inches for a 72 inch occupant, This is a
remarkably close’agréement for two entirely diéparate methods, one of wﬁich

involved numerous speculative assumptions.

Figure 8-3 clearly shows the shape of the confidence envelope. It
is not symmetric: the range of permissible € is higher when ho is larger, This
is because, when ho is large, even integral seats provide inadequate amounts
oflprotection. Thus, a much higher £ ("full" protection versus “no" protection)
is needed to obtain the injury redﬁction actually observed for integral seats

(partial protection versus no protection).

‘The confidence envelope may be explained as follows: when € is too
high, overall effectiveness of restraints is overpredicted (and when £ is too
low, it is underpredicted). When ho is too high, the model assigns undue
benefits to very tall restraints and overpredicts the benefits of integral restraints

relative to adjustable ones (and when ho is too low the model ignores tall
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restraints and underpredicts the benefits of integral seats). As a result, the
effectiveness levels observed in Texas constrain £ and ho within the envelope

shown in Figure 8~3.

8.4.2 gffeg;‘of<positioning adjustable restraints properly

The preponderant evidence suggests that the main reason that integral
restraints are more effective than adjustable restraints is that they are taller,
since occupants fail to raise the adjustable ones far enough. The most important
evidence in support of this hypothesis {s 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).

1f, in fact, the hypothesis is true then adjustable restraints could
be made as effective as integraI restraints if the occupants were to position
them “properly." Proper positioning, in Tight of the preceding section, means
all the Qay up or up to 43 percent of the occupant's height (to the middle of
the skull), whichever is lower, Table B-2 shows that, at this time, only 15
percent of adjustable restraints are positioned at 43 percent or more ofloccupant
height, whereas 52 percent of integral restraints achieve it. If all adjuskable
restraints were properly positioned, there would be a 7.3 percent reduction of
injury risk, since this is the incremental effectiveness of integral over
adjustable seats, Conversely, the current mispositioning by occupants of adjustable
restraints causes ihe 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 lowering 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 s the injury reduction
for a seatback ho +B percent of occupant height relative to an ho seatback.
Moreover, it was found that ho=35 and E«23 come closest to predicting the
effectiveness of adjustable and integral reséraints actually observed in Texas, A
confidence envelope of values of ho and € compatible with the Texas resu]té was

also found and shown in Figure 6-3.

The piecewise linear seatback heighteinjury risk function defined
by ho=33, E=28 now makes it possible to estimate the injury risk for any hypothetical
population of seatbacks, not merély for current adjustable and integral restraints,
The hypothetical population need only be described by its distribution of seatback”
heights as a percentage of occupant heights - the height injﬁry function {is then

applied to this distribution to determine overall 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

fntegra1 restraints?

It 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 population.
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Let f(x) be the frequency denﬁity function of the heights of cfash-invoived
front-outboard passenger car occupants, specifically those on NCSS (truncated
to the nearest inch). Let 1 be any positive fnteger. Let j be the largest
integer such that H/j< 441 Then '

chi = 100 & £
L=\
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 merely necessary to repeat

the procedure of Section 8.4.1, Specifically, the calculated overall injury

risk for seatbacks H fnches tall is
ho+ .
Ty = CHhD {hf:z Q (1-ho)€) c c ‘\
=ho+ - R . !
| 8 H1 - H"‘lj" (l-E)éOO - CHh0+7)

The injury reduction for seatbacks H inches tall relative to

current post-Standard seats is

EH=1- IH
62 rp + ,38r]

where rp and 0 the injury risks for adjustable and integral restraints.;were

defined in Section 8.4.1,

In ordei to obtafn a point estimate of EH 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 andg that are marked by dots on the confidence

envelope plotted in Figure B-3, The lowest value of EH obtained for any of
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these combinations is a lower confidence bound. The highesﬁ value 1s the upper

'bound.

Table 8-€ 1iste and Figure B-4 plots the estimates of effectiveness

of 1ntegra1‘seatbacks ranging from 24 to 34 inches anc their confidence bounds.

TABLE 8-6
INJURY REDUCTION - RELATIVE TO
CURRENT STANDARD 202 CARS - FOR
INTEGRAL RESTRAINTS, BY SEATBACK HEIGHT

Improvement over Current Standard

H 202 Cars (%)
Uniforn Height of EH Confidence Bounds*
Integral Restraints Best
(inches) Estimate Lower Uppef
24 - -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
3 _ 9.4 2 23
32 | 9.8 2 29
33 9.8 2 32
34 | 9.8 2 34

* Onc-sidedd = .05
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While tnspecting Table 8-6 1t is useful to recall that

(1) The current Standard 202 specifies & seatback height of 27,5
inches (integral seats or adjustable restraints in the “up"
position),

(2) 6Z percent of the crash~in§o?ved vehicles have adjustable
restraints, which their occupants have positioned at a median
height of 26 inches (Table B-1) -{.e. 1.5 inches belowithe
current standard. Thus, even integral seats slightly below 27.5
inches constitute an improvement over these adjustable seats

(3) 38 percent of current crash-involved vehicles have integral
seats, Their median height is over 28 inches - i.e., exceeds
the minimum requirements of the standard. 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 currently place
them) corresponds roughly to a uniformly 26.7 inch integral

seat population.

Figure 8-4 shows that ﬁny 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 improvuments. Similar gains could be achieved by height
requirements for adjustable restraints in the down 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 likely
to aggravate the current situation, even if integral restraints are useu.

For example, at 24 §nches, there would be 12 percent more injuries than in the

current flegt.

Figure B-4 clearly indicates the shape of the effectiveness cur@e
and its ¢onfidence bounds. Effectiveness rises steadin as seatback height
increases through levels that would be in the “intermediate" range for’most
‘occupants. It levels off when the seats are high enough to provide “full®
protection even for tall occupants- e.g. a 32 inch seat is'near1y 43 percent
as tall as a 6'3" occupant, The curve for thé 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.

It is important to remember that the projections in Figure 8-4 are
based on a speculative method of making inferences from accident data. While
anthropometric calculations and limited laboratory data support the results of
this method, the projections themselves are not based on direct analysis of
 detailed accident data or on a comprehensive crash test program. Moreover,
the confidence bounﬁs shown in Figure 8-4 are too wide for the "best” estimate

to be considered reliable,
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