PRB8B-9217002

Safety Study - Performance of
Lap/Shoulder Belts in 167
Mutor Vehicle Crashes, Volume 1

(U.S.) National Transportation Safety Board
vlashington, DC

38

U.S. Department of Commerce
National Technical Inforination Service

) g T

B 1 T T AT S Ty SRR <. 1 L. 7




REPRODUCED BY
U.S. DEPAHTMENT OF COMMERCE

tational Technizal Information Service
SPRINGFIELD, VA 2 61

e bRy e e e g S Ly

BN S TN T wﬁimimmmma&

boy e et Gos Vi R g ey e .



)y —

. TECHNICALREPORT DOCUMENTATION PAGE

i 1. Report No. 2. GovernmentAccession No. 3.  Redipient’s Catalog No.
" NTSB/SS-88/02 PB88-917002
3 4. Title and Subtitle Safety Study-- 5.  ReportDate
¢ Performance of Lap/Shoulder Belts in 167 Motor March 1, 1988
L 0 v
e Vehicle Crashes(Volume 1) I -
6. Performing Organization
7. Author(s) Code
8. Performing Organization
Report No.
9. Performing Crganization Name and Address 10.  Work UnitNo,,
4378E
National Transportation Safety Board -
Bureau of Safety Proqrams 1. Contract orGrant No,,
Washington D.C. 20594
13. TYypeof Reportand
Period Covered
12. Sponsoring Agency Name and Address Safety Study
NATIONAL TRANSPORTATION SAFE TY BOARD — .
Washington, D C 20594 14, Soonsoring Agency Code

15.

Supplementary Notes

16.

Gk e g AT Lt 2T
Rt AR in il ot i i g

Abstract

This report is a case study presenting data from in-depth investigations of

167 motor vehicle crashes involving lap/shoulder-belted occupants. The accidents

ARt and the crashes had to meet specific criteria, and represent a wide range of

17.

accident configuration and severity. Volume 1 (NT$8/55-88/02) of the study
describes the good crash protection provided by iap/shoulder belts, residual
injuries sustained, degraded protection provided by any misused lap/shoulder
oelts (i.e., misrouted, excess slack, reclining seat), and use of the three-point belt
by children and pregnamiwomen. Volume 2 {NTSB/$S-88/03) contains the 167 case
summaries that provided the data discussed in Volume 1.

Key Words

lap/shoulder belt; lap belt; misuse; slack; windowshade;

misrouting; recdining seatback; belt-induced injuries;
children; pregnant women

18.

Distribution Statement
Thisdocument is available to
the public through the
Mational Technica!
Information Service,
Springlietd, Virginia 22161

T
bt

Security Classification
{of this repart)
UNCLASSIFIED

20 Securnty Classitication
(of thispage)
UNCLASSIFIED

21 No. of Pages

22 Price

125

o § e Ed G YN e et S el R U b o O

NTSB Form 1755.2 (Rev. 3/88)

AT o b e e T e g

AN )

oaed Tl



CONTENTS

lNTRODUCTIO“ .'.QCIOICIOICIOCIOUIQI.. >
NTSB Accident Selection Criteria ........ .
How the Investigations Were Condueted ... ccoevseen

» 5 8 0 0 0 00

liapbeltaeport I B L L N I I I O DA I I R B BN ]
Organization of This Report ...... .00,

s & 4 4 & 8 2

4 4 9 4 & ¢ 0

PERFORM2 NCE OF LAP/SHOULDER BELTS IN THE STUDY ..
Exampies of Lap/Choulder Belt Effectiveness .00 0vvvv
Lack of Yederal Standards for Minimum Belt Effectiveness
Injury Outcome for Case Vehicle Occupants in Study ....
Severity of Injurles Increased with Crash Severity ......
Lap/Shoulder Belt Use in Noncollision Accidents .......
Overall Imporiance of Ejection as Injury-Causing Event ..

INJURIES TO LAP/SHOULDER-BELTED OCCUPANTS ....

British Study Documents Change in Injury Patterns
Following I'assage of Mandatory Use Laws .. ...

Location of Most Severel:” 'njured Body Part .......
Intrusion-Related Injuries ...cesvvv s vsnansns
Incidence of Head or Facial Injuries ... cvievenan
Incidence of Fractured Ribs, Sternum, or Clavicle . ...
How the Safety Boand's Injury Analysis Was Performed

MISUSE OF LAP/SHOULDER BELTS
TypesofM!suSe s & 8 % 4 8 0 & 0¥

LI B B IR 2N 2 B s e

e s 0 & 0ot b + b 0

Misrouting ...co00 00
Slack o B 5 B & ® 4 F B & & 2 N v b F a b

| 20N N T BN BB I 4 8 s 8

Rec!iningseathCk S 2 8 & & 4 3 & % 5 s 8 n B B 4B

+ 8 20

CHILDREN AND LAP/SHOULDER BELT USE ......
MISUSE oo snocvsoreasesssosaonnsonsssnns
Shoulder Portion Behind Back .........,

Ways to Improve Shoulder Harness Fit ...

PREGNANT WOMEN AND LAP/SHOULDER BELT USE ....
Descriptionof Ca8ses .. v vt vt nisrtencasvans
Driver's Position Presents Risks for Pregnant Women ..
Unrestrained Drivers or Lapbelted Drivers at

Increased Risk from Contact with Steering System
SUMMALY .. i veeoesesrssssssrssssenassssacnns

CONCLUSIONS .....
RECOMMENDATIONS R T TR

APPENDIXES
Appendix A--Safety Board Recommendaticns Regarding Occupant Restraints
Appendix B--Index to Safety Board Cases Involving Adults Restrained by
Misrouted Lap/Shoulder Belts .. ii vty




Appendix C--Index to Safety Board Cases Involving Children, Age 2-17,

Wearing Lap/Shoulder Bellts 4 uvivuivinrnnnnnnseensnrenens. 95
Appendix D--Index to Safety Board Cases Involving Pregnant

Occupants Wearing Lap/Shoulder BeltS v vuvvevvvsoreensnvenennn.,

Appendix E--Index to Safety Board Cases Involving Passive Restraints .....
Appe.dix P--Index to Safety Board Cases Involving Child Restraints ......
Appendix G--Children Are Not Minlature Adults ........... et reanaa
Appendix H--Glossary of Injury and Seatbelt Terms +............ vebea
Append.x 1--Severity Measurement--Abbreviated Infury Scale ... ivinens
Appendix J--Tables Showing Misuse Data from National Highway Traffic

Safety Administration's 19-City Survey of Restraint Use, 1986,

and Insurance Institute of Highway Safety Survey of

Maryland Drivers, 1987 R R N
Appendix K--Additionsl Cases of Patal Injuries Caused by Underarm

Use of a Shoulder Harness
Appendix L--Additional Injury Data for Case Vehicle Ocecupants .........

Case histories of the Safety Board investigations conducted for the
Lap/Shoulder Belt Report are issued as Volume 11




NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

SAFETY STUDY

Adopted: March 1, 1988

PERFORMANCE OF LAP/SHOULDER BELTS
IN 167 MOTOR VRHICLE CRAS1iES

INTRODUCTION

Lap/shoulder belts have been standard equipment in the front seats of cars sold in
the United States for more than 20 years and have been recognized as providing superior
crash protection, compared to other seatbelt types, since as early as the 1950s.
Unfortunately, until the recent passage of State mandatory use laws, few people used
their lap/shoulder belts. In 1982, only 10 percent of the drivers observed in a survey of 19
U.S. cities were buckled up, and in the first half of 1987, that figure had increased to
42 percent. 1/ While this increase is significant, still more than half of the drivers in this
country are not making use of this lifesaving device.

In other words. although lap/shoulder belts have been around for years, they haven't,
unti! recently, been "around" enough U.S. motorists to decrease substantially the number
of highway casualties. Now with the increase in use associated with mandatory use laws,
some experts estimate that as of the end of 1986 s&s many as 1,300 lives have been
saved. 2/ Hopefully, the passage of more mandatory use laws, combined with effective
enforcement and education campaigns, will increase use to a much higher level and save
even more lives.

Lifestyle factors, that is, aspects of herlth that are under the individual's control (in
contrast to heredity and environmant), such as choosing to wear seatbelts, play a large
role in the risk of death. (See figure 1.) BRuckling up is a matter of intelligent risk
management: by wearing a lap/shoulder bell, an occupant substantially reduces his or her
chance of premature death. 3/ Motor vehiele aceidents are the leading cause of deeth for
Americans ages 1 to 35, and the third leading cause of premature death for Americans of

all ages. 4/

That iep/shculder be'ts are of value to reduce death and injury is undisputed, but
just how valuable they are is matter of debate. Manual seatbelt systems in motor vehicles
(unlike passive resiraints such as air bags and automatic seatbelts) have never been
required to be tested for crash protection performarnce: complete and accurate dsta on
their performance in real-wor!ld crashes have been extremely limited; and basic changes

1/ U.S. Departinent of Transportation, National Highway Traffic Safety Administration,
19-City Survey of Restraint Use, 1982 and 1987.

2/ University of North Carolina, Hlighway Safety Research Center, 1987.

3/ The Center for Disease Controt (CDC) defines premature morbidity as deaths
occurring before age 75.

4/ Heart disease and cancer are the top two causes of premature death, according to
ChC.
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Lifestyle Has Major Impact on the
Leading Causes of Premature Death
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% Contnibution of li‘estyle retated factors to the 10 leading causes of premature death
Source: Centers for Disease Contro!

-

KEY
& Enviuonmental, heredity, and health care factors
m Lifestvle relaied factors

Not2 Premature rortality se'ers to deaths occurring beltore age 74

Figure 1.--Causes of premature death.
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in vehiele design over the years could have afferted belt performance. In addition,
seatbelt performance is a timely topic since Stater. are enacting mandatory seatbelt-use

laws requiring front seat occupants (and rear seat oceupants, in some cases) 1o wear their
seatbelts.

Witk many of these factors in mind, the Safety Board conducted & study on the
performanze of seatbelts in real-world crashes during 1984-86. This case study
eniphasized the collection of accurate, comp'ete data on a number of specific points
relevant te the question of belt performance. Specifically, the Board wished to explore
how well the belts protected occupants from iujury during the erashes and whalt injuries, if
any, occurred despite (or perhaps because of) the belt.

This report is the second and finsl publication to come out of the Board's
investigationc; it presents the bulk of the cases investigated as part of the seatbelt
performance study. It presents data on the performance of lap/shoulder belts in 167
accidents involving 180 case vehicles §/ and 341 case vehicle occupants. Most of the
occupants wer2 seated in the front seat aid most were restrained, so this report primarily
addresses the crash performance of lan/shoulder belts for the driver and right front
passenger. (See figure 2.) The aceident selection criteria resulted in very few
unrestrained case vehicle occupants, so few comparisons between restrained and
unrestrained case occupants could be drawn,

NTSB Accident Selection Criteria

The eriteria for inclusion of an accident in this study were:
0 Case vehicle must be a post-1974 inodel car, light truck, or van.

o At least one occupant in the case vehicle must have used a soat
belt. &/ (This criterion resulted in atypicaily high proporticns of

restrained occupants. Very few case vehicle occupants were
unrestrained.)

The crash must have been of sufficient severity to require that the
case vehicle be towed from the scene. 7/

The crash must not have been so severe for the case vehicle as to
be deemed unsurvivable for its belted occupant(s). 8/

5/ More than 180 vehicles were involved in the i67 accidents investigated by the Safety
Board for the lap/shoulder belt report. However, not all became case vehicles. In some
cases, vital information on vehicle damage or occupant injuries was unavailable, or the
vehicle did not meet the case selection eriteria, and hence the vehicle and its occupants
were net ineluded in the analysis. Some data on alt vehicles and oecupants involved in the
specific accidents, however, are presentec in the individval case summaries, which
constitute Volume 2.

6/ Before the program was completed, it was decided to document a few vehicles in
which no occupants were restrained for comparison purposes.

7/ As the program progressed, it was found that, for a wide variety cf reasons, vehicles
may be towed even though they are essentially undamaged. Since in these cases the
“"erash" was extremely minor and seatbelts could not be expected to affect the outcome,
these tow-away cases were not followed up.

8/ That is, there must have been sufficient space after the crash at the seating locations
of the belted occupants to permit survival,
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Figure 2.--Case vehicle occupants by seating position (top) and
restoaint use status by seating position (bottom).
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As stated earlier, this report is a case study, involving in-depth investigations of
accidents meeting specific criteria to collect accurate and complete data on a topie of
interest--seatbelt performance, in tnis instance. The selection criteria described
previously together with the limited number of cases in this study, mean that the cases in
this report cannot be used to derive statistical estimates of seatbelt effectiveness, nor
was this the Safety Board's intention. However, a case study like this one can supply
accurate and complete data on crash events and severity, vehicle deformation, crash
severity level, and cause of occupant injuries--data not available in police
report-generated accldent data files. Restraint status, along with information on belt
routing and fit, was also verified by Safety Board investigators, resuiting in more accurate
and in-depth data on belt use than are available in police-report data bases.

Given these criteria, the 167 cases in the report do not represent all motor vehicle
accidents in the United States. The study's eriteria that a belted person be present in the
vehicle and that the vehicle sustain tow-away damage make this certain; most people
involved in crashes are not belted, 9/ and most crashes are not towaway. Indeed, it would
be impossible to compare these cases dircetly with the U.S, erash population due to lack
of information about the vast majority of U.S. crashes. For example, some 18 million
accidents are "reported" each year to some authority (police, motor vehicle officials,
insurance companies); however, only 6 million result in police reports. Hence even basic
facts about more than 2/3 of all the accidents, such as what percent were frontal or
whether minor injuries resulted, are not known.

The accident selection criteria used in this study did allow Safety Board
investigators to focus on the kinds of crashes which, though occurring less frequently
(relative to the total population of t8 million reported accidents), are most instructive in
regurd to seatbelt performance: crashes severe enough that the passenger vehiele had to
be towed away. (In 1984, about 2.3 million of the 6 million accidents reported to the
police were tow-away accidents.) Tow-away accidents are the crashes in which it is
believed almost all of the serious injuries and all of the occupant deaths occur. Most of
the 6 million police-reported aceidents (which probably are more serious than the
remaining 12 million accidents reported to some authority but not to the police), resuit in
property damage only, or minor injuries at the worst, regardless of restraint
status. 10/ 11/

The 167 accidents summarized in this report represent a wide range of tow-away
crashes. The charts and diagrams at the end of this chapter (figure 8) provide a
breakdown of the cases by erash severity, accident configuration, occupant seating
position, restraint status, and lap/shoulder-be!t design and use. The reader is referred to
these pages for the numbers of case vehicles and occupants in each category.

9/ Furthermore, unrestrained occupants tend 1o be involved in more severe crashes and
genecrally are younger than those restrained, confounding analysis, Belted drivers in
crashes tend to be less likely to have been drinking, more tikely to be in smaller cars, less
likely to be in a crash at night, less likely to have been speeding--all factors that
influence ecrash likelithood and injury outcome. O'Day, James, and Flora, Jairus,
"Allernative Measures of Restraint System Effectiveness: Interaction with Crash
Severity Factors," Society of Autcmotive Engineers (SAE). Technical Paper 820798,
Passanger Car Meeting, Troy, Michigan, June 7-10, 1982,

10/ in 1984, 3.5 million of the police-repaorted aceldenis invoived properly damage only.
11/ The reader is cautioned not to internret this statement as implying that lap/shoulder
belts need not be worn every time the vehicle is in motion. A serious accident can occur
at any time, and common sense dictates thatl the lap/shoulder belt be worn 100 percent of
the timme. No matter how cautious a driver you may be, you have no control over the
behavior of other drivers on the road,
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The Safety Board's cases provide examples ci lap/shoulder belt performance at
varying crash severities and accicent configuratio:is (i.e., collision and noncollision
accidents, rollover, side impact, etec.). Two-thirds of the cases involve {rontal impact
which is a common accident configuration in fatal or ‘niwy-producing crashes. According
to the Nasational Highway Safety Traffic Administration (NHSTA), approximately 47
percent of fatal single-vehicle passenger car crashes have a frontal impact as "point of
principal impact,” as do 53 percent of fatal multi-vehicle passenger car
crashes. 12/ About 60 percent of tow-away crashes reported to police involving passenger
cars involve a frontal direction of force. 13/ A lap/shoulder belt may well provide

optimal protection in a frontal {head-on or front angle) crash compared to other aceident
configurations,

Rollover accidents also are represented in the study. PFourteen of the cases involved
overturn; in 8 instances no prior collision was involved.

The type of belt system in use, as well as its correct or incorrect use, also affects
the injury outcome. Both domestic and imported passenger vehicles are represented in
the study, so several lap/shoulder belt designs are discussed. In most cases, the belts were
being worn properly, but in 17 cases, the lap/shoulder belt was improperly routed. Slack
also was present in some of the three-point systems; slack is discussed in the misuse
chapter, which follows later in the report.

If occupants were restrained in the cases presented in this report, the restraint
normally was a lap/shoulder belt (231 out of 298 restrained occupants), so little data was
collected on lapbelts, child restraints, or passive restraints. The outcome for the last two
types of restraints is presented in appendixes E and F.

How the Investigations Were Conducted

The investigations for this study were conducied by National Transportation Safety
Board (NTSB) headquarters and field staff (located in eight field offices). 14/ At the
beginning of the program, each Safely Board field office set up an accident notification
plan, involving a network of law enforcement and medical authorities in the multi-State
region surrounding the office. These local and State authorities agreed to notify the
Safety Board investigators of any crash meeting the Board's criteria as soon as they
became aware of it. Upon notification, Board investigators were to go to the accident
location, determine if the crash, in fact, met the selection criteria, and if so, begin a
detailed investigation.

Safety Board investigators took particular care in verifying belt use. They did not
rely solely on occupant or witness statements of belt use or the restraint status siated in
the police report, but rather looked for physical evidence confirming use, on the belt
system itself, and in terms of injury/contact point data. ({See photographs, figures 3
through 7 at the end of the chapter.) In each case, information was collected on the type
of belt system in use, how the belt was worn, and the interaction between the occupant
and the belt system in use. Crash events were carefully reconstructed to determine how
the accident configuration affected beltl performance.

The age, weight, height, end seating loration of each occupant was determined. For
cach occupant, the investigators determined whether the available seat btell was used,
whether it was used correctly, the probable source of each injury, and the nature and

12/ 1985 Fatal Accident Reporting System (FARS) Report.

13/ 1985 National Accident Sampling System (NASS) Report.

4/ The Safety Board has highway investigators in the following field office-: Atlants,
Chicago, Denver, Fort Worth, Kansas City (Missouri), L.os Angeles, New York, nd Scattle.




severity of each injury sustained, expressed In terms of the Abbreviated Injory Scale (AlS).
Throughout this report, occupants are frequently described in terms of his or her
maxiumum AIS leve! injury (MAIS). The AIS codes used in this study sre:

AlS Severity code

Minor

Moderate

Serious

Severe

Critical

Maximum injury, virtually unsurvivable
Injured, unknown severity

Unknown if injured

W =N e e GO —

The events of the aceidents were carefully reconstructed, and necessary
measurements made to estimate the collision severity experlenced by the case vehicle.
These data provided the information necessary to analyze the perfcemance of each belt
system in use during the crash, and to draw some overall conclusions about the role of belt

restraint systems in the crashes,

The severity measure used in the Safety Board's cases is Delta V, considered by most
crash researchers to be the best single measure of collision severity. De'ta V, as used in
these investigations, is the instantaneous rate of speed change undergone by a vehicle at
impact. The Delta V estimates were generated primarily from measurements of both the
location and extent of tha vehicles' structural deformation, along with the vehicles'
weights. When entered into the Calspan Reconstruction of Accident Speeds on the
Highway (CRASH 3) computer program, 13/ these measurements could be compared
against tnhe known results of erashes staged and documented over the past several years.
This computer program analyzes such parameters &s vehicle structural rigidity, force
veetors with respect to vehicle center of mass, and the influence of individual vehicle
weights. The result is a computer-generated estimate of the speed change acting on the
crash vehicles at impact. While the program result is recognized as an estimate, the use
of CRASH allows a uniformity of case study interpretation that could not be achieved by

other commonly used Investigstive methods.

Delta V also is a far more sensitive and accurate gauge of crash severity
experienced by the cuse vehicle occupants than scales of accident severily based on
vehicle damage only. The amount of vehicle deformation may not refiect the severity of
coush forees; the bodies of some vehicles "give"” al lower erash foreces than others and,
therefore, absorb crash forces before they are transmitted to the vehicle occupant,
Henece, the reader is cautioned not to judge crash severity by vehicle damage alone.

Lapbelit Report

After about 8 quarter of the investigations were initiated, several cases involving
lapoelted rear seat occupants began to draw the Sufely Board's attention to these beit
systems in particular. The results of the lapbelt investigations, along with analysis of the
accident databases used in the past to derive lapbell effectiveness, a review of medical

15/ "The prograin was developed with funding from the U.S. Department of Transportaticn

as an "accident investigation aid aimed al achieving accuracy and uniformity in the
interpretation of physical evidence from traffic aceidents."

.....



literature on lapbelt-induced injuries; and other research on lapbelt performance, were
published in 1986 as the first report to come out of N7'SB's investigations of seatbelt
performance. 16/

As a result of its investigation of crashes involving lapbeited occupants, and its
review of the history of the limitations of this type <f seatbelt, the Safetly Board
recommended to auto marufscturers and the NHTSA that they provide lap/shoulder bells
in place of lap-only belts, Domestic manufacturers were urged to provide voluntarily
lap/shoulder belts in rear outboard seating positions in new vehicles, and to provide
retrofit kits for existing models. Foreign manufacturers were asked to undertake similar
efforts in respect to any models not already equipped with rear seat lap/shouldes belts.
The Board also recommended thet manufacturers and the NHTSA work together to
explore the possibility of providing lap/shoulder beits at the rear center seating position.

, The Board issued several recommendations to the NHTSA--most importantly, that it
vimmediately Initiete rulemsaking action” to require lap/shouider belts at all outhnard
seating positions in new vehleles. (For the "oH text of the Board's recommendations, see
apperdiz A.)

The Safety Board is pleased with the automobile industry's rasponse to the Japbelt
report recommendations: virtually all car manufacturers have agreed to install, as
standard equipment, lap/shoulder belts at rear outboard seating positions within the next
few model years. Many manufacturers have retrofit programs underway, with General
Motors {GM) having the most comprehensive program. Both GM and Chrysler are
advertising the availability of their retrofit kits.

The NHTSA's response to the Board's recommendations has been disappointing,
however. The Board had hoped, for & number of reasons, that the agency would act
quickly to require lap/shoulder belts In rear outboard seats of new vehicles. Lap/shoulder
bells are widely acknowledged to provide superior protection and are provided in the rear
seats of many foreign models. The design problems of providing them in all cars should be
minimal, since the NHTSA has for many years required that all cars be designed to be
capable of being retrofitted with rear seal shoulder belts. Furthermore, a number of
manufacturers announced scon after the release of the Board's lapbelt report that they
would begin voluntarily providing rear seat lap/shoulder belts within just a few months.
Nevertheless, more than 10 months passed before the NHTSA took any action on this
recommendation, and even taen the agency declined to propose actual rulemaking.
Rather, it puhlished only an Advance Notice of Proposed Rulemaking (ANPRM),
announce’ng that rulemaking was belng considered and deseribirg why the agency does not
believe such a regulation would be cost beneficlal.

The Safety Board has submitte¢ extensive comments on NHTSA's action, as have a
number of manufacturers, safety organizations, and some membess of Congress.
Legislation is also pending that dir‘ets the NHTSA to require reear seat lap/shoulder belts.
The Board is hopeful that the NHTSA will proceed at once to issue a draft rule to
implement this long-overdue improvement in passenger vehicle erash protection. Rear
seal occupants should not be denled tha superior protection offerad vy lap/shoulder belts,
which is routinely available to front scat occupants,

16/ Safety Study--"Performince of Lap Belts in 26 Prontal Crashes,” July 28, 1986,
NTSB/SS-86-03. The report is available through the National Technical Information
Service, Springfield, Virginia 22161, Sume of the cases described in the lapbelt report
had lap/shoulder-belted occupants in the vehicle. These cases were also included in this
report.




Orgranization of This Repozt

As stated previously, this safety study Is the second and final report to come out of
the Board's examination of seatbell crash performance and presents the bulk of the
investigations conducted in the course of the study. Figure 8 shows the type of
information gathered for the lap/shoulder belt report. The next chapter discusses the
overall crash performance of lap/shoulder belts in the report’s cases, followed by a
chapter on injuries sustained by lap/shoulder-belied occupants, and & chapter on the
misuse of lap/shoulder belts. Chapters on topies of special interest foliow: lap/shoulder
belt use by children and by pregnant vomen, The finsi section presents the conelusions
and recommendations of the study. Appendixes present additional data.

Volume 2 presents, in brief format, all of the repori's cases, describing the facts of
each case and discussing the Sefety Board's interpretation of these facts.




Figure 3.-—A scratched latehplate fadicates that the sestbelt has been worn aften, but
does not tell the investigator whether it was worn at tre time of the erash. Evidence
such as that shown in figure 4 is sought,

Figure 4.--Safety Board investigators look for this type of evidence to determine if the
lap/shoulder balt was in use. Shown are the plastic D-rings of two lap/shoulder belts.
Tne upper ting Is abraded from the belt loading during the eresh. (An occupant's body
exe=~ts tremendous force on the belt.) The bottom D-ring is smooth and shiny, indicating
no loading; this belt was not being worn at the time of the crash.




babiiebbin st ol 8

Figure 5.--Lap/shoulder belt use is confirmed by matching transfer marks.
Leather jacket abrrded by shoulder porticn of belt (top);
leather dye transferred onto belt {bottom).




Figure 6.-—REvidence that the lap/shoulder belt was in use at the time of the accident--
1oad marks on D-ring (top); fabric of the belt webbing melted from load (bottom).
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NTSB INVESTIGATIONS AT A GLANCE:

Th= types of vehicles, accidents, occupants, and restraint systems
included in this report.

Majority of vehicles In stizdy
were domaestic cars

Foreign

Median year for all vehicles
(domestic and foreign): 1982
Mode: 1984

Frontal was the most common &ngle of
fmpact In collision accidents

Frontal*
{front angle and

head-on)
14%, (!28}\

21% (36}

*  Morethanhalfofallinjury-causing towaway accidents
are frontal 'n natuie. ]
** Equ~ .y divided betvieen left and right side impacts.

KOTE: The Safety Boardinvestigated six collision
accidents involving subsequent rollover. These are
inctuded inthe chart above. The Board also investigated
eight noncollision rotlovers; these are notincdudedinthe
chart since they did notinvolve initial ¢cotlision.

Most case vehicles were
in a collision accident

Collision
Noncotlision

The Safety Board ¢e.iected data
on 180 case vehicles.

Most collision crashes were survivable

Severe
$2% (20)

Very Severe
4% {6}

Moderately Severe

41% (67)
K.
Low = DV = 10 mph
Moderate = DV 10.1-20 mph
Maoderately Severe = OV 20.1-30 mph

Severe = 0V 30.1-40 mph
Very Severe = DV > 40 mph

KROTE: Delta Vwasnotcalculable for9ofthe 172 case
vehiches involved incollision accidents, due to the nature
of the collision (sideswipe, undercarriage impact, roilover,
ete). In addition, eight of the crashes investigated for the
study involved no collision. (Allweare norkoll sion
1oilovers.)

Figure 8.--Overview of Safety Board investigations
of accldents for lap/shoulder belt safety study.




Most case vehicle occupants were in the
front seat; most were drivers

Rear Seat or Second
Row Occupants
19% {65)

Right Front
Passengers

— 4% {15)

Drivers

JEREY

53% (180}

The Safety Board coliected data
on 341 occupants of case vehicles.

Few case vehicle occupants were
unrestrained

Restrained §
£7%, (298) ~ @

1 et

13% {43

NCTE: Accident selection criterion specilying at
least one helted occupant resulted in atypically
high pronartions of restrained occupants

Unrestrained

A RN ek S bl ad bt A di s

Most restrained occupants were using a
lep/shoulder belt

Passive Restrairt
3% (19)

Child Restraint

§— 4% {*3}

Manus! Lap/ )
Shoulder Be't* — IS
78% (23Y)

*  Includes lap/shoulder belis with shoulder portion
improperly routed behind back or under arm.

Lap/shoulder belted occupants
ranged from 2 to 83 years nla.
The majority ware between
18and 50years old.

A few casss involved rollover

Noniollover

82% {166) — Roilover

Most case vehicle accupants
were wearing their lap/shoulder
belts properly routed

Properly
Routed
$3% (214}

Improperly
Routed
% {11

Figure 8.--Peage 2.




Most lap/shoulder delted® case veficl Many lapishoulder belts

occupants did not have excess slack** _inuse by case qehicle occupants
In the beit dict not have a "windowshade” device

wWithout
“Wirdowshade”
B3% (135)

79% {169 20 ' With
*{169) o s.9.0.¢ _Windowshady’

42% (9¢€}

* Properly and improperly routed fanishoulder belts.
*  Properly routed iap'thoulder bells only.
*¢ Slack could be in shoulder, ¢r lap pertion of beit, ¢r
both.

A e e el e T TR

Type of Restraint by Seating Position

R ot

Lap/ inprop.
Shidr. Routed Passive Air . Child nNo Totsl
Seating Position Belt Lap/Shids. Balt Bag Restr, Restr.

3
180
L
81
28
8
29
11

Undetermined 0
Oriver 157
Center Front 0
Right front 56
2nd seat, left ‘ 1
2nd seat, center 0
2nd seat, right 0
Other** 0

CODORLO0O
COOO—-~00NMO
DOODOO0O MO
OB = AHaDDC
FOARONO LW

Totatl 44 214
Pecl. 129 628 1.

* Includes aif bags used with available seat bett, If the belt was used along with an deployed air bag. the
occupant and the belt were exctuded from charts and tables relating to belt performance.
** A few case vehicles were vans or statichwagaons with rnore than two rows of seats.

13 43 341
38 12.6 100.0

6
8

igure 3.--Page 3.
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PERFORMANCE OF LAP/SHOULDER BELTS IN THE STUDY

A 1932 Chevrolet Camaro went otf the road when the driver lost control, struck a
utility pole head-on, and then rolled over onto irs roof--a Delta V 23-mph coilision
followed by & 180-degree overturn. The vehicle was deformed aleng the entire front of
the vehicle, .vith maximum crush of 27.5 inches in the area of impact and moderate roof
deformation. The driver, restrained by a lap/shoulder belt, received minor injuries only
(multiple ccalp lacerations from left A-pillar and shattered windshield). The vehicle had a
T-top rco! with glass inserts removed, so ejection during the overtuin was probably
prevented by telt use.

This was just one of many examples of the excellent crash protecticn provided by
lap/shoulder belt use documented by the Safety Board during the study. In several quite
serious crashes, the good outcome, indeed the survivel, of the lap/shoulder-belted
occupant came closa to the miraculous. In many instances, lap/shoulder-belted occupants
fared dramatically better, in terms of crash outcome, than unrestrained occupants or
occupants wearing lapbelts only. Furthermore, in the cases investigated, the Safety Board
saw no evidence that proper use of a lap/shoulder beit results in the type of serious or
fatal belt-induced injurles often associated with lap-only belt use and described in the
Board's lapbelt report 17/ -- that is, injuries induced by the restraint itself which are more
serious than the injuries likely if the occupant had pzzan unrestrained at the time of the
crash,

The following pages present some of the lap/shoulder "success stories," crashes in
which oceupants benefitted dramatically from the use of this type of belt. More examples
are to be found in the case summaries contained in Volume 2.

Examples of Lap/Shoulder Belt Effectiveness

Nonaollision Accident.--A 1981 Toyota pickup truck, travelling at an estimated
55 mph, struck a truck tire and rim in the roadway, went out of control, and overturned.
During the §30-degree overturn, the pickup's roof was partisily torn from its attachment
points and displaced, creating a large open space. Two unrestrained occupants of the
pickup (ont seated on the console, the other in the right front seat) were ejected through
this space and fatally injured. However, the lap/shoulder-belted driver received minor
injuries only: a contusion to his left shoulder from the shoulder strap and one to the right
thigh from the lap portion of his belt. No driver contact marks were found on the steering
assembly or Instrument panel. (Case 21)

Collision Accidents.--A 1980 Dodge Colt collided head-on into a tree, a Delta V
27.7-mph collision. The Dodge was occupied by a lap/shoulder-beited driver, a
lap/shoulder-beited right front passenger, and a lapbelted right rear passenger. Both
lap/shoulder-belted occupants received minor injuries only. The rear seat occupant
sustained severe lapbelt-induced intra-abdominal injuries. (Case 179)

A 1978 Chrysler Corcoba crossed into the opposite lane of traffic and struck a 1878
Toyota Cellca neacly head-on. The Chrysler sustalned a Delta V 24.6-mph collizion, and
the Toyota, a Delta V 40.3-mph collision. Both vehicles were totalled; the Chrysler's
front had a maximum inward crush of 38 inches, and the Toyota's, 37 inches. The Chrysler
driver, restrained by a lap/shoulder belt, sustained minor Injuries only (contustons to
chest, forehead, and abdomen). Both unrestrained occupants of the Toyota sustained fatal
head injuries. (Case 159)

17/ 1bid.




A 1977 Buick Skylark collided head-on into the left front corner of & 1976 Chevrolet
LUV pickup truck. The truck sustained a Delta V 35-mph collision. The Chevrolet
sustained maximum crush > 24 inches at the left front, and the Buick sustained a
maximum inward collapse of 36 inches at its left front, The collision resulted in minor
injuries (laceration and contusions), to the lap/shoulder-belted Chevrolet driver, while the
unrestrained Buick driver sustained serious injuries. (Case 126)

A 1383 Chevrolet Malibu was struck in the front 2enter by the left rear corner of an
out-of-control 1980 Ford Mustang: the Malibu sustained a Delta V 23.3-mph collision. The
Malibu was occupied by three adults: a lap/shoulder-heited driver, an unrestrained right
front passenger, and a right rear passenger restrained by a correetly positioned laptelt.
(Contusions on the abdomen indicate the lapbelt was correctly positioned on the itiac
crests at the moment of loading.) The lap/shoulder belted driver received minor injuries
(leg contusions and neck sprain), and the unrestcained right front passenger, 8 woman of
approximately the same size and age as the rear passenger, sustained a moderate injury (a
2-ineh laceration of left temple). The lapbelted resr s2al passenger, in contrast, dicd
from lapbelt-induced intur.ial abdominal injuries caused when she jackknifed over the bett
at impact. (Case 121)

The driver of a 1976 Mercury Capri lost control of his vehicle, veered to the left
onto a grass median, crossed two highway lanes, impacted a W-beam guardrail, vaulled
over the rail, and was airborne until the car impacted the ground and rolled over onto its
top. In all, the vehicle sustained a Delta V 21-mph collisicn with the guard rail, a ground
impact, ard 180-degree rollover. The driver, restrained by a lap/shoulder belt, susiained
minor injuries only (bruises and contusions from contact with the beit and steering
asseinbly). A right front passenger, restrained by a lap/shoulder belt but reclined in the
seat prior to the colilsion, sustained moderate injuries (fractured ribs), attributed to
unusual belt loading due to the improper seatback position. {Case 57)

Lack of Federal Standards for Minimum Belt Effectiveness

The examples presented on the preceding pages ilustrate the ability of a
lap/shoulder belt to provide crash protection to occupanis in a variety of crash
conligurations. In many of the Safety Board's cases, death and serious injury were clearly
prevented by belt use, even though, Federal stardards do not specify the minimum crash
protection a manual lap/shoulder belt must provide. Only passive {automatic) restraint
systems have been, up to now, required to be crash tested to Jdelermine thatl they meet
occupant proteetion requirements, outlined in Federal Motor Vehicle Safety Standard
(FMVSS) 208--1.e., that they provide &8 minimum level of occupant protection in a 30-mph
frontal crash test into a fixed barrier. 18/ 19/ The NHTSA's associate administrator for

18/ Starting September 1, 1989, if 2/3 of the U.S. population are covered by acceptable
State belt use laws, the passive restraint requirements of FMVSS 208 will be rescinded. In
that case, manual lap/choulder beits in new passenger cars will have to meet the crash
performance requirements mandated in FMVSS 208 for passive restraints. (Manual
lapbelts would rema?n exempt from this dynamic testing requirement.)

19/ The NHTSA has collected some data on manual lap/shoulder belt performance as part
of Its New Car Assessment Program (NCAP}, but these tests involve 35-mph froutal
barrier crash tests--5 mph faster and 36 percent more severe than the FMVSS 208 test
requirements. Approximately 40 percent of the passenger cars tested eech year in the
NCAP program have "passed" the tlests--i.e.,, mel the injury criteria specified in
FMVSS 208. However, the NCAP data are very limited, since the NHTSA tests only a few
models of passenger vehicles each year and tests each model only once.




rulemaking recently expleined, "Nobody thcugat manuai systems would need to be (crash)
tested, because ptssive systems were always expecied to be coming."” 20/

However, few accidents in real life exactly duplicate the crash tests specified in
FMVSS 208. Most of the cases presented in this report involve more complex erash
secenavios than s 30-mph frontal crash into a fixed barrier; many included muitiple
impacts, rotation, sudden braking, or rollovers.

Injury Outcome for Case Vehicle Occupants in Study

Overall, front seat occupants wearing lap/stoulder beilts fared quite well: more than
half received only minor injuries or none at all, while the most severe injuries for another
20 percent were only moderate. Figure 3 shows the injury outecome for all front seat
lap/shoulder-belted oceupants in the study. (This figure excludes any occupant whe had
grossly misused the beit by placing the shoulder portion behind the back or under the arm.
With the exception of the chapter on misuse, 8ll remaining tables and charts in the report
refer only to properly routed ‘ap/shoulder-belted occunants.) Injury severity for drivers
and right front passengers restrained by properly routed lap/shoulder belts appeared to be
relatively similar. (See figure 10.)

The good overall performance of three-point belts would have little significance if
all the occupants in the case vehicles had been involved in crashes cf low
severity. 21/ This was not the case. Many of the crashes were severe enough to "test"
the restraint system's abifity to preveat serious injury: more than 46 percent of the
lap/shouider-belted occupante were in crashes of Delta V 20 mph or above. An
unrestrained front seat occupant would probably be at risk of more than minor injury in
such tow-sway crashes.

On the other hand, the aceldents included in this report also were not so severe as to
preclude the protection offered by the belt, In other words, they were not so scvere as to
exceed reasonable expectations that use of a lap/shoulder belt would reduce injury. The
majority of the lap/shoulder-teited occupants were involved in crashes between Delta V
15 and 35 mph. Only seven of the case vehicle occupants were in crashes above Delta V
40 mph. Hence the Safety Board believes the cases presented in this report represent a
range of crash severities in which btelt performance can realistically be evaluated,

As stated earlier, the Federal government specifies oceupant protection erash tests
in terms of a 30-mph frontal crash into a fixed barrier (approximately a Delta V 30 mph),
and the New Car Assessment Progrem uses & 35-mph frontal crash test {approximately a
Delta V 35 mph). It Is very important to consider crash severity when evaluating the
performance of a restraint system. In the past, crash severity often has not been
adequately considecred in studies of belt effectiveness. The Safety Board documented
several cases illustrating the limitations of restraint effectiveness in crashes of low and
high severity, In very "high" Delta Vs (i.e., very severe crashes), intrusion into the
passenger compartment can be 3n importart injury-producing factor, as is the potential

20/ Wall Street Journgl, "Federal Rules About Belts Don't Require Crash Tests," July 31,
1987.
21/ In low severity crashes, the benefit of lap/shoulder belt use would be minimized;
belted and unbelted adult occupants would be more likely to have similar outcomes. Small
children, on the other hand, are at special risk and noed to be restrained in a child safety
seat, which can protect them from the real possibility of injury in a crash of low severity
or in a noncrash event, such as sudden traking.




Minor
45% (95)

Moderate -
19% (40) Uninjured
: 15% {33)

Serious to Unknown
6% {14}

Maximum
15% {31}

80% received minor, moderate or no injuries

Figure 9.-—Front seat occupants wearing properly routed lap/shoulder belts
by most severe injury.
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Drivers
(Totst 157}

Hight Finnt Passengers
(Yotal 56)

17%
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13%
(7 passengers)
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Figure 10.--Injury outcome {MAIS): drivers
and right front passengers wearing properly routed

lap/shoulder belts.
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for unavoidable injury “-om the iap/shoulder bell itself. (The latter type of injuries
probably wili be less severe than the injurles sustalned by unrestrained occupanis,

however.) 22/ 23/

Case 214 is an example of high Delta V. in this collision between a Chevrolet Nova
and a Datsun 210, crash forces were so severe thal even lap/shoulder belt use could not
prevent serfous injuries. The initial collision, Deita V 43.6 mph for the Datsun, caused
massive damage to its front with structural collapse of more than 27 inches. The
1ap/shoulder-belted delver raceived fatal injuries when the steering assembly intruded into

her seating position.

In addition to crash severity, the occupant's seating position and the crash
configuration may combine to reduce or negate the protection offered by the lap/shoulder
belt. 24/ PFor example, other than preventing possible ejection, a lap/shoulder belt can
provide littie or no protection in a side impact at the occupant's position. 25/ Thus in
case 138, the lap/shoulder-belted driver of a 1984 Dodge Colt received a serious head
fnjury and contused left kidney when the vehicle was struck on the driver's door by the
front of & 1981 Subaru stationwagon, a side impact of Delta V 18.1 mph for the Dodge.
The car 4§ crushed inward %2 inches at the driver's position, The lap/shoulder-belted
cight front passenger, on the other hand, a 4-year-old boy seated away from the impact,
sustained only a minor laceration. The lsp/shoulder belt was able to protect the
passenger, seated on the tar side of the impact, but not the driver, seated at the area of

greatest intrusion,

22/ For cases in which the circumstances of the accident rendered restraint use
immaterial, i.e., extremely low Delta V, extrenme crush at the seating peosition of the
indivicual, etc., see cases 100, 103, 104, 125, 128, 132, 128, 132, 136, 139, 14, 178, 183,
194, 206, 210, 211, 214, 22, 24, 39, 45, 47, 43, €1, 59, 71, 71, 817, 89, 91, 92, and 94.

23/ Throughout this report, the severity of a crash is described in terms of the Delta ¥
severity categories prosented in the ple chart on page 14. These classifications are: low-
-Delta V less than or egual to 10 mph; rmoderate--Delta V of 10.1 to 20 mph; moderately
severe--Delta ¥V ¢f 20.1 to 30 mph; severe--Delta V of 30.1 to 40 mph; and very severe--
Delts V of more than 40 mph. OQccasionally, the reader r.ay find the term "high"
substituted for "severe" in the lext.

24/ The occupant may also receive less than optimal protection if the lap/shoulder belt Is
worn loa toose or misrouted arcund the body. The experience of case occupants with
misused lap/shoulder telts is deseribed in a chapter to follow.

25/ A lap/shoulder belt provides only limited protection in a side impact, especially for
lhe near side occupant, The far side occupant may gain more protection, although he or
she can slide out from under the shoulder harness and contact other occupanis or the
surronnding vebhicle interior. For these reasons, research by the NHTSA snd the Motor
Vehicle Manufacturers Association on occupant protection in side impactl has focused on
the need for changes in vehicle design (B-pillar paddiag and design, improved door panel
strength), rather than on changes in the restraint systems. One research paper slates:
1,ikewise, there is little to recommend belts in side collisions other than the prevention
of total ejection (itseif a diminishing return).” Another (Australian) researcher reported:

Cleatly, however, in those side hinpac!s which do occur, those occupants
w'lo are wearing seat belts are afforded little proteetion thereby and
therefore the effects of American legisiation which requires minimum
standards for side intruston should be examined as a matter of urgency.




The range of crash severities and crash types in which lap/shoulder belts can make a
difference in injury outcome Is, as one researcher at GM calls it, "the window of
opportunity":

Baslcally, a sufficient number of crashes cceur at such extreme levels of
severity that there is little opportunity for mitigation of injuries. The
great majority of crashes are at so low a severity that even the
unprotected occupant is not harmed, so that the [seat belt]) can generate
no injury reduclng benefit. Laboratory testing naturally focuses, as it
ought to, on the crash saverily regime where the device is expected to
provide benefits.... An additional important consideration is that a
surprisingly large number of f{atal crashes are of a bizarre nature not
readily encompassed in any laboratory testing program.... Thus, the
"window of opportunity” vYor cccupant protection devices to generate
benefits is sufficlently narrow that very high effectiveness is unlikely to
be achleved by ary practical means, 26/

Furthermore, other factors besides restraint status influence injury outcome. Age,
sex, physical characteristics such as height and weight, and preexisting health conditio™s
all interact to infiuence outcome. In addition, vehicle design can greatly influence the
location and severity of occupant injuries for both restrained and unrestrained occupants.
Improvements in side pane! strength, design of A-pillars, steering assemblies (i.e.,
different steering wheel design, collapsible steering columns, etc.), 27/ gear shift
assemblies, and dashboard design could reduce occupant injuriecs and enhance the
effectiveness of seatbelts. Many of these improvements, including the addition of
airbags, cau produce a more “"{riendly interfor" and can benefit resirained and
unrestrained occupants alike.

Severity of Injurles Increasec #ith Crash Severity

Just as the "window of opportunity" is partially defined by crash severily, the
severity of injuries to lap/shoulder-belted occupants increases with erash severity. Since
most lap/shoulder-belted occupants in the study were drivers, the Safety Board analyzed
the relationship of crash severity to driver injury severity. Figure 11 presenis the
nuinbers of drivers at each AlS injury level by the Delta V (crash severity) of the collision.

Figure 12 is based on the same injury data as figure 11, but adjusts for the different
number of drivers involved at each level of crash severity., That is, figure 12 compensates
for the fact that fewer drivers were involved in high Delta V accidents than were involved

26/ Evans, L., "Occupant Protection Device Effectiveness in Preventing Fatalities,"
General Motors Research Laboratories, April 14, 1987,

27/ Saul, Roger, ("Steering Column Intrusion--Restrained and Unrestrained Occupant
Effects,” NHTSA Vehicle Research and Test Center, 1987):

Acecident data indicate thatl the highest ranking body-to-vehicle contacts
in frontal erashes are the chest and abdomen into the steering column,
The harm associated with steering column contact accounts for
25 percent of the total societal costs due to motor vehicle
accidents ... .. Until recently, the situation for the restraired driver
could not be documented, due 1o low incidence of helt use. With the
advent of State safety belt-use laws, however, there appear lo be
Indications that safety belts reduce the harm for restrained occupants,
and the injury pattern is shifted from the chest and abdomen to head and
facial injuries caused by steering wheel impacts.




Czash Severity {(Delta V in mph)

Injury 10.3 20.1 30.1
Outcome 1) tc to

(MAIS) 20.0 40,0

0-Uninjured 17
1-Minor 33
2-Moderate
3-Serious
4-Severe
5-Criticai
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Total 16 61 44 15 5 141
Percent 11.3 43.3 31.2 10.6 3.9 100.0

Figure 11.--Injury outecome for drivers restrained by properly routed lap/shoulder belts
in collision crashes for which Delta V Is known (all directions of impact).

in lower Delta V crashes. Figure 11 also shows injury data only for those drivers for whom

injury outcome Is knowns those with "unknown" status (AIS 7 or AIS 9) are not represented
in the chart.

Figure 12 shows the injury outcome for lap/shoulder-helted drivers in all types of

collisions (fronial, side, and rear impact) for which Delta V could be estimated, Figure 13
presents similar driver injury data for frontal, nonrollover accidents only. (FMVSS 208,
Ocecupant Crash Protection, addresses principally frontal crash protection.)

As both figures show, some lap/shoulder-beited drivers in the study sustain.d
injurles categorized as serlous or worse when Delta V exceeded 20 mph; this outcome
became more common gs Delta V exceeded 30 mph. (Appendix L presents data on Injury
outcome by crash severity for right front passengers wearing properly routed lap/shoulder
belts.)

Lap/Sho.'der Belt Use in Noncol'ision Accidents

Much of the diseussion so far has focused on the relationship of collision severity to
the severity of injurles sustained by lap/shoulder belted occupants in the study. Not zli
accidents, however, Involve collision. During this study, the Safety Board investigated
elght aceldents that did not involve collision--all were rotlover accidents. (Six additional
accidents involved both roflover and collision,) 28/

These rollover accldents provided some of the most striking instances of good
lap/shoulder belt performance, despite the fact that the degres of rollover was quite
great in many cases. (See figure 14.} Half of the rollover casea were 360 degrees or
more.

28/ For the 14 cases involving rollover, see cases 10, 12, 21, 36, 44, 50, 53, 55, 57, 88, 97,
105, 187, and 208, Cases 36, 53, 55, 57, 97, and 187 are the collision aceldents.
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Degree of Rollover
(by number of case vehicles)

=450°

L_ / 36% (5)

90°
14% (2)

180°
21% (3)

NOTE: The fivecasesinvolving rollover == 450°were as
follows: 1-450°, 1-630°, 2-720°, and 1-900°.

Figure 14.--Degree of rollover (by number of case vehicles)

Case 21, which involved a 630-degree rollover, was perhaps the most striking
example of the protection afforded by lap/shoulder belt use. (The case is one of the
tsuccess stories" deserided at the beginning of this chapter.) The lap/shoulder-belted
driver sustained minor injuries only.

in another case (case 50), use of a lap/shoulder belt protected the driver of a 1979
Audi 5000 involved in a more than 360-degree rollover from all but minor injuries;
because of roof crush, another lap/shoulder-belted occupant was not saved from moderate
head injuries due to intrusiot.. An uncestrained occupant was ejected and fatally injured.

In addition to protecting the occupant from uncontrolled impact with large areas of
the vehicle's interior and thus sparing him or her from serious injury, lap/shoulder belt use
prevented ejection in the rollover accidents investigated for the study.

Case 44 provides & dramatic example:

A 1983 Subaru station wagon veered off the road and rolled over twice (a
720-degree rollover). The vehicle sustained moderate exterior damage
with moderate roof crush. The unrestrained right front passenger was
ejected and sustained massive head injuries that proved fatal. This
passenger had been wearing his lay/shoulder belt, but moments before
the crash, had unbuckled it to tend to the children in the rear seat.
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The driver, restrained by a lap/shoulder belt, sustained a minor injury
only (contusion over the left eye frcm contact with stesring wheel). The
two ctildren in the rear seat, aged 10 months and 3 years, were both
restrained in child safety seats. Both children received minor injuries
only.

The chance of ejection, partial or total, is influenced by crash severity and type of
crash, with rollovers creating the highest risk of ejection. This was true in the Safety
Board's cases; most of the ejections took place in rollover accidents. A total of six case
occupants 29/ were ejected in the cases investigated by the Safety Roard. All but one
were unrestrained. The five uarestrained ejectees died, while restrained occupants in the
same vehicles survived the crash, some with minor injuries only.

In case 94, a driver wearing a lap/shoulder belt was ejected and received moderate
injuries. This unusual case involved a lap/shoulder belt system compromised by vehlcle
damage. When the passenger car struck a 15-inch diameter meta! light pole with its left
side, a Delta V 22.4-mph impaet, the left side of the car was crushed inward 28 inches
over an 89.5-inch arca, and the driver's door popped open. The car then rotated
180 degrees around the pole. The damage to the left B-piliar, where the belt retractor
was loeated, most likely caused the driver's belt retractor to malfunction and allow
excessive slack ("spool-out"). The driver was found lying outside the car with his back
against the door sill, still wearing his lap/shoulder belt, which was still attached to the
vehicle.

Overall Importance of Ejection as Injury-Causing Event

Ejection clearly is an event to be avoided, since it exposes the occupants to injuries
sustained as they "exit" the vehicle and strike the ground: it also introduces the possibility
of being further harmed by a passing or oncoming vehicle. Seatbelt use obviously has a
roie in preventirg ejection.

However, since the early days of seatbelts, their relative role in preventing ejection
hes declined. In the 1950s and '60s, ejection was a major source of death and serious
injuries, and seatbelt use was correctly identified as the then-primary way to reduce
those losses. Sinea that time, other means of preventing ejection (i.e., improved door

locks, glazing retention, etc.) are also proving effective. A 1973 research paper noted,
for instance:

One recent study of U.S. accidents brings encouraging news of
improvement in vehicle perfermance with respect to ejection rates of
unbelted occupants to be significantly lower in accidents involving
younger automobiles. Compared to the 1951-55 vintage, where ejection
rates were about 10 pereent, ejections of unbelted occupants from 1966-
71 makes were reduced to less than 3 percent. Hence, *he need for belts
as ejection preventatives has been further reduced substantially.
Further improvements in door and glazing retention could promote this
trend. 30/

29/ Three of the four accidents involving ejection were rollovers; one involved a
left side impact of Delta V 22.4 mph. (Occupants of noncase vehicles also were
ejected.)

30/ Warner, C., Professor of Mechanical Engineering, Brigham Young University,
"felt Occupant Restraint Effectiveness.”
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Since that work was published, ejection has continued to decline ss the design of
automobiles has improved, despite low belt use. According to the 1984 NHTSA National
Accident Sampling System (NASS) report (before belt use rates began to increase), about
1 percent of occupants in tow-away crashes were reported partially or totally cjected.

Thus, though the role of lap/shoulder belts in preventing ejection is still important,
cjection rates for unrestrained occupants have apparently been declining steadily, due to
vehicle design changes. Furthermore, it is not at all clear 1o what extent the severe
injuries that are often sustained by ejected persons are associated with the ejection itself.
Some researchers believe that the injuries were sustained within the vehicie before
ejection and are due more often to the severity of the crash that precipitated tha ejection
than to the ejection itself. 31/

Finslly, it is also true thal belts may not be entirely effective in preventing partial
ejection, especially if they are worn improperly or are damaged in the collision, as in
case 94.

31/ Huelke, D., Compton, C., and Studer, R. Injury Severity, "Ejection, and Occupant

Contacts in Passenger Car Rollover Crashes," (SAE 850336) Proceedings, Conference,
1985.




INJURIES TO LAP/SHOULDER-BELTED OCCUPANTS

The Safely Board's cases documerdt, In numerous Instances, the fine crash
performance o” lap/shoulder belts. More than half of the lap/shoulder-belted occupants in

the study received only minor injuries or none at all, while for another 20 percent, injuries
were only moderate.

As pointed out in a previous chapter, Federal standards do not set a minimum level
of crash protection that manual belt systems must provide for occupants, nor is there
universal agreement on how effective lap/shoulder belts, in fact, are in reducing injuries.
EBffectiveness studies have produced a wile range of estimates over the years. For
example, estimates of the fatality "effectiveness" 32/ of lap/shoulder belt use have varied
over the yesars, from 31 percent 33/ to 91 percent. 34/ The NHTSA's own estimates of
lap/shoulder belt fatality effectiveness nave varied from 60 percent In 1974 35/ to
40-50 percent 36/ in 1985. Some researchers now estimate the effectiveness of a
lap/stoulder belt in preventing fatslities among front seat occupants to be closer to 40
percent, 37/ 38/

Like the fatality estimates, estimates of the injury-reducing effectiveness of
lap/shoulder belts have also varied widely. The U.S. Department of Transportation (DOT)
currentiy estimates that a manual lap/shoulder belt is 45 to 55 percent effective against
moderate and above injuries, and oniy 10 percent effective against minor injuries. These
estimates apply to all types of accidents combined. The effectiveness will vary according
to the accident configurations.

Some of the variations in effectiveness studies arise from differences in definition
of effectiveness criteria (what is meant by "seat bdelt effectiveness in injury reduction");
differences in injury scaling; interactions and confounding in data (age, sex, type of car,
accldent type, and crash severity); differences in sample structure and statistical

32/ The effectiveness is expressed as the percent of the fatalities among a totally
unrestrained population that would be prevented if 100 percent of the population used this
belt 180 percent of the time without otherwise changing their behavior,

33/ Wilson, R.A. and Savage, D.M., "Restraint System Effectiveness-A Study of Fatal
Accidents," GM Automotive Safetly Engineeriog Seminar, 17-39, June 20-21, 1973.

34/ Huelke, D.P.; Lawson, T.E.; Scott, R.; and Marsh, J.C. "The Effectiveness of Belt
Systems in Erontal and Rollover Crashes,” SAE International Automotive Engineering
Congress ard ¥xposition, Detroit, February 28-March 4, 1977,

35/ DOT, NHTSA, "Review of Safety Belt Usage and Effectiveness in Accidents,”
Wash[ngzon, D.C., September 17, 1974.

36/ NHTSA, Final Regulatory Impact Analysis of the Amendment to FMYSS 208:
Passenyer Car Front Seat Occupant Protection, July 11, 1984,

37/ Mackay, M., "I'wo Years' Experience with the Seat Belt Law in Britain," SAE
Technical Paper Series, No. 851234, Washington, D.C., May 20-23, 1985.

38/ Fvans, L., "Occupant Protection Device Effectiveness in Preventing Fatalities," GM
Research Lgboratories, GMR-5809, April 14, 1987.
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technique; and bias resulting from use of data based on police reporting. 39/ These
variations were discussed in detail in the Safety Board's lapbeit study and the reader is
referred to that report for analysis of thelr impact on effectiveness estimates.

British Study Documents Change In Injury Patterns
Following Passage of Mandatlory Use Laws

The low number of persons historically who voiuntsrily wear their lap/shoulder belts
has handicapped attempts to estinate overall belt effectiveness and forecast how injury
types will be affected if lap/shoulder belt use can be increased substantially. Countries
that have achieved high-use rates after passage of a mandatory use law have conducted
studies using medical data following passage of the law, but they have often lacked

comparable data for the years preceding the law or have collected data for certain
injuries only.

In 1985, Great Hritain's Department of Health and Social Security published a
report 40/ that overcame these problems. The report, "The Medical Effects of Seattelt
Legislation in the United Kingdom," provided statistically scund evidence of the changes
in hospital casualties among car occupants injured in road accidents following the
introduction of Britain's mendatory telt-use law. The report was a direct outgrowth of
the law. On July 28, 1981, the House of Parliament passed the Transport Bill, providing
for the mandatory use of sealhelts for the drivers and front seat passengers in cars for a
trial period of 3 years, starting in February 1983. At the end of that time, the law was to
be evaluated. (Subsequent legislation has been pessed making the law permanent.) Two
studles were initiated to provide data for the evaluation.

The first was an in-hospita) study comparing car crash vietims arriving at 15
hospitals in the United Kirgdom during the yeer before and the year following the
implementation of the seatbelt-use law. The second was a study collecting data from
coroners concerning fatslities in eight districts during the 6-month period before and the
same 6-month period after the law (April 1-September 30).

Between 1981 and 1984, Great Britain had experienced a dramatic increase in belt
use by front seat occupants, from 25 to 35 percent prior to passage of the mandatory use
law to over 90 percent the second year the law was In effect. This increase provided a
gocd basis for comparing the effects of increased lap/shoulder belt use vn motor vehicle
occupants' injuries.

In the year following passage of the law, the aumber of injury-producing accidents
decreased 13 percent (and the number of involved vehicles denreased 14 percent); there
was & 15 percent reduction in the number of patients brought to the hospitel, & 25 percent

39/ The accuracy of police-reported restraint data will probably decline further as more
and more people are covered by State mandatory-use laws--if involved in a crash, they
would understandably be loath to admit to a law enforcement officiai that they were
disobeying a law by being unrestrained. For thls reason, perhaps, starting in 1988, the
NHSTA will no longer rely on police reporting of restraint use for its NASS data. The
NHSTA will use its own NASS investigators to determine occupant restraint status by
consideration of physical evidence on the belt system and the occupants' injuries,

40/ Rutherford, W.H.; Greenfield, T.; Hayes, H.R.M.; and Nelson, J.K., "The Medical
Effects of Seatbelt Legislation in the United Kingdom," Research Report No. 13,
Department of Health and Social Security, Office of the Chief Scientist, United Kingdom,
1985.
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rejuction In those requiring admission to wards, and a 25 percent reduection in
bed-occupancy. When researchers examined the types of injuries that occurred, they
found a statistically significant reduction in the numbers of patients with severe injurles,
as well as a decrease in the numbers of injuries (both major and minor) sustained by each
patient. When front seat occupants were considered together (i.e., combining both driver
and front seat passenger outcomes), the study found a significant reduction in the total
number of major and minor brain Injurles, a reduction in minor injuries to the face (eye
ard face "wounds"), and a reduction in lung injuries. The study's data suggested that
kidney injuries and fractures of the {emur also decreased, but the improvements could not
be conclusively proven. Data from the hospital study did not confirm a reduction in the
average severity of Injuries (i.e., mean injury severity scores were not significantly
changed), or overall reduction in skull fractures or face fractures--hypotheses originally
advanced by the researchers. 41/ 7ne study also foun¢ overall, a significant increase in
sprained necks (19 percent} and fractures of sternum {108 percent), and a 44 percent
increase among drivers in major head Injurles, "possibiy due to contact between ihe
driver's head and steering wheel." Britain and the European Economic Community {EEC)
are consldering changes to the steering wheel and seatbelt legal requirements to provide
protection against these head and face contacls by restrained drivers. This will lead to
hsofter” steering wheel Jesigns or hub-mounted supplementary airbags, and seatbelt
pre-tensioning systems and belt web-locking devices to reduce forsard motion of the
occupant in the crash,

Over 8 wide range of injuries, the hospital-based study showed that drivers and front
seat passengers both derived considerable benefits from increased beit use, but front seat
passengers enjoyed the greater improvement.

The coroners' study, the second part of the British report, collected data on those
who died prior to reaching the hospital, in an attempt to supplement the hospital-derived
injury data. The accidents represented in the coroners' study could reasonably be

expeoted to be more severe than those typleally found in the hospital study. Data for
101 deaths in the first 6-month period and 75 in the second (a decrease of 25.7 percent)
were examined. Belt use was lower among the fatally injured in the study than was true
i the hospital-based study, which itself was tower than in the population as a whole. Of
the types of Injuries incurred by the fatally injured front seat car occupants, the siudy
found an overall 27 percent decrease in total head ard neck injuries, 42/ a 26 percent
decrease In chest injurles, and a 20 percent decresse in abdominal injuries. 43/

The United States, at this time, cannot conduet studies like those just deseribed.
Seatbelt use rates, although rising, are too low, especially among accident-involved motor
vehicle occupants. The Safety Board's study does provide, however, data on injuries
sustained by lap/shoulder belt occupants,

41/ In the hospital study, there was a 71 percent reduction in skull fractures for front
seal passengers but a 2.6 percent increase for drivers. As there were three times as many
injured deivers, there was no overall reduction. As for face fractures, drivers increased
by 10 percent and front seat passergers decreased by 46 percent.

42/ There was little change in the number of brain injuries among fatally injured drivers
in the coroners' study, but it was more than offset by the decrease of abou* a third among
fatally injured passengers.

43/ The liver is the abdominal orgen most often injured in fatal cases snd there was &
decrease of 58 percent among front seat passengers in the coroners' study.
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If a crash is serious enough to "test” the protective abllity of the three-point beit
system, minor injuries are likely to occur. Hence, in conducting the injury analysis for
this chapter, the Safety Board gave little attention to minor injuries. (However, sl
injuries sustained by a case vehicle occupant, including minor injuries and their probable
contact polnts, are described in the individual case summari¢s in Yolume 2,) The analysis
focuses solely on injuries of smoderate severity or worse (MAIS 2 and greater) sustained by
lap/shoulder belted-case vehicle occupants,

Location of Most Severely injured Body Part

As noted in the int:oduetion to this chapter, many stud:es have documented the faect
that lap/shoulder-belted occupants, overall, have better cras’h outcomes in terms of injury
severity than unrestrained occupants. Lap/shoulder belt use cannot guarantee, however,
that the occupent will be uninjured or will not recelve minor injuries. (Lap/shoulder belt
effectiveness has been estimated by the NHTSA at only 1{ percent for minor injuries.)
Very few (33 of 213} of the study's front seat occupants wearing properly routed belts
sustained no injueies; but for 95 occupants, minor injuries were all they received.

The patteers of injury of restrained occupants do diffes from those of unrestrained
occupants, al iough even with belt use, certain injuries persist (injuries to knee region
from contacc with the dashboard, lower leg injuries, and arin and hand injuries caused by
"flalling" during the erash). The following tables present the location of the most
seriously injured nody part of the lap/shoulder-belted occupants in the study. This
information is presented with the knowledge that injuries cannot be completely eliminated
by the lap/shoulder belt. Perhaps changes in belt design and the vehicle interi¢r could
further reduce these injuries, and the data to foilow may be of use to researchers in
considering these possibilities.

For every occupant who sustained moderate injuries or wotse, the Safety Board
investigators coded the location of the most severe injury. 44/ 45/ Sometimes, the
lap/shoulder-belted occupant had more than one injury at the most severe level. For
these cases, the analysis included the body locations of each injury at that level,
Therefore, the number of injuries exceeds the number of occcupents who sustained
moderate injuries or worse.

The head and skull (exeluding face) was the most common site of the most severe
injury, followed by upper torso injuries (other than clavicle, sternum, or ribs) as the most
common site. The abdomen was a distant third. 46/ (Sece figure 15, which presents injury
data for the front seat occupants restrained by properly routed lap/shouldaer belts by body
location and MAIS.) Neck injuries and fractured ribs, ste*num, or elavicle were only very
rarely the most severe injury, 47/

44/ Sefety Board investigators used the NHYTSA NASS body region classifications for
classifying injuries. Body regions used in analysis of the ‘ocation of the most severe injury
are an adaptation from NA¥FS.

45/ The location of injuries codable only as AIS 7--"irjured, unknown severity," due to
lack of medical information, also was tabulated because in some instances, the AlIS 7
injury proved fatal, i.e., "massive head trauma.”

46/ See cases 26, 65, 82, 86, 137, 148, 183, 195, 197, 157, and 176 for examples of
abdominal injuries.

47/ See cases 28, 135, 196, and 216 for examples of neck injuriés that were the most
severe Injury sustained by the lap/shoulder-belted cecupant.




Location of Most Severely MAIS
Injured Body Part {injury severity)

2 3 4 5 6 7 Total
Head 'skutl {excludes face} 8 5 3 i } 5 23
Forehead 6 0 0 0 0 0 6
Other facial injury 2 1 0 0 0 0 3
Neck 1 0 0 0 0 3 4
Clavicle 2 0 0 0 0 0 2
Sternum 2 0 0 0 0 1 3
fibs Lt 0 0 0 0 0 5
Cther chest/upper torso injury 9 6 3 2 0 2 22
Back 2 1 0 0 0 1 4
Abdomen 4 6 2 1 0 0 13
“atsis 1 0 2 o 0 4] 1
Arvior hand 6 2 0 0 0 0 8
Thigh 3 } 0 0 0 0 4
Knee 3 0 0 0 ¢ 0 3
Other lower leg injury {includes fcot) 5 2 o 0 0 0 7

Pigure 15.--Loecation of most severely injured body part by injury severity (MAIS) for
lap/shoulder-belted front seat occupants in the study. (Data for properly routed beits
only; occupants with MAIS 2 or greater injuries only. If the occupant had minor injuries
only (MAIS 1)-- the location of these minor injuries is not shown in the table,)

Head and skull injuries were largely at the moderate or serfous injury level, but
some were at the severe or worse level. In addition, some head and skull injuries were
codable only at the AIS 7, "injured, unknown severity"” level, but were responsible for the
occupant’s death., Hence, the tables include AIS 7 injurties.

Figure 16 shows how the location of the most severely injured body part changed
with collision severity.

Intrusion—-Related Infurles

Although few intrusion-related injurles to lap/shoulder-belted occupants were
documented in the study, when they did occur, they generally were quite severe and
frequently fatal. Intrusion caused the most severe injury for 27 of the Z13 front seat
occupants wearing properly routed iap/shoulder belts. 48/ For six of these ccecupants, the
intrusion proved fatal.

In looking st the types of cases in which intrusion caused the most severe injury
sustained by the lap/shoulder-belted occupant, the Safety Board found they included a
wide range of crash configurations and severity. (See appendix L.) Intrusion was not
necessarily the result of a collision: two cases involved noncollision rollovers. When the

48/ Intrusion was responsible for the most severe injury susleined by a
lap/stoulder-belted driver or front scat passenger in 25 case vehlcles in the Safety Board's
study. See cases i, 14, 26, 36, 50, 53, 61, 82, 91, 92, 94, 97, 110, 111, 137, 139, 143, 148,
183, 1134, 189, 196, 197, 208, and 214.




Location of Most Severely Delta V
Injured Body Part {crash severity)
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Figure 16.--Location of most severely injured body part by erash severity (Delta V) for
lap/shoulder-belted front seat occupants in study. (Data for properly routed belts only.
Occupants with MAIS 2 or greater injuries only and in collision crashes for which Deita V
could be calculated.)

intrusion resuited from a cotirision, the 2ollision did not have to be of Ligh Deita V to
cause severe intrusion-related injuries to the lap/shoulder-belted occupants seated
adjacent to the intrusion; in 11 cases, crash forces were below Delta Y 30 mph; 4 of these
were below Delta V 20 mph. Such crashes generally involved side impact,

Intrusion most frequently injured the occupant's head/skull, followed by chest/upper
torso, and then abdomen. lowever, lap/shoulder-belted occupants in the Board's cases
sustained their most severe injuries overall, from interaction with the vehicle interior and
the belt system, not because of intrusion at their seating positions.

Incidence of Head or Facial Injuries

Use of a lap/shoulder belt clearly can help a motor vehicle vecupant avoid many
facial or head injuries. Unlike an unrestrained occupant, a front scat occupant wearing a
properly routed lap/shoulder belt 49/ will probably be prevented from making violent
contact with the dashboard or windshield, thus avoiding injury from these components.
During rotation, overturn, or impact, a restrained occupant also will not be "thrown
around” in the vehicle, thus limiting body contacts with interior components in the
immediate vieinity. Faclal or head injurles, however, can still occur despite lap/shoulder
belt use. For example, a lap/shoulder-belted occupant can still impact the side door, side
window glass, A~ and B-pillars, headrest or seatback, and in the case of the driver, the

49/ Case vehicle occupants restrained by misrouted lap/shoulder beils (i.c., shoulder
harness under the arm or behind the back) are excluded from this discussion and all
subsequent tables. Such misuse degrades the belt performance and increases the
possibility of head injuries.
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steering wheel. If slack Is present in the belt system, depending on the accident and the
amount of slack, the possibility of injury can increase, since the lap/shoulder-belted
occupant can then strike objects in the immediate vieinity with greater force or vehicle
components normally ovt of reach {i.e., windshield and rear view mirrors).

Fortunately, in the Safety Board's study, if 8 csse occupant wearing a lap/shoulder
belt d4id sustain a head or facial injury, it most likely was a minor injury (i.e, a facial
abrasion, laceration, or contusion). Many case vehicle lap/shoulder-beited occupants
recelved no head or facial injury at all. 50/

However, some {41 of 213} front seat occupants wearing correctly routed
lap/shoulder ovelts still did sustain moderate or more severe head/faclal injuries (or
injurles of unknown severity). 51/ Since researchers are interested in learning more
about head/facial injuries incurred by lap/shoulder-beited occupants, with the goal of
elimineting, as far as possible, these residual injuries, the Safety Board took a look at the
types of cases in which they oceurred. (See vases, 1, 4, 20, 26, 27, 28, 50, 56, 58, 61, 63,
67, 68, 75, 82, 86, 91, 94, 110, 137, 139, 143, 148, 161 178, 182, 183, 184, 137, 188, 189,
196, 197, 201, and 2!4.)

Most (30 of the 41) lap/shoulder-belted occupants who received these injuries were
in frontal, nonroliover a.cldents; many occurred in moderate crashes (i.e., Delta V of less
than 30.1 mph)., Serious head injuries also occurred in craches of Delta V of less than
20.1 mph. (See figure 17.) Combined, these 30 occupants sustained more than 50
individual head/facial injurles of MAIS 2 or greater (or MAIS 7). All but four of these
injuries were contact-induced. Safety Board investigators identlfied the steering
assembly as the most common prooable point of contact. The w'ndshield, instrument
panel, and A- aund B-pillar were other points of contact.

Right
Crash Severity Front
(Delta V) Drivers Passenger Percent

Not calculable®* 2 6.7
10.1 to 20.¢ : 3 10.0
20.1 to 30.0 ‘ 13 43.3
30.1 to 40.0 8 26.7
40.1 or more 4 13.3

Tota!l 30 100.0
Percent 80.0 20.0 100.0 -

*Delta V was not calculable for some of the collision accidents due to the nature of the
ecllision or lack of physicai evidence.

Pigure 17.--Lap/shioulder belted front seat occupants with head or
facial injuries moderate snd above by crash severity in frontal nonrollover crashes.
(Data for properly routed belts only. Injuries include AIS 7 head injuries.)

50/ Of the 213 front seat occupants wearing properly routed lap/stioulder belts, 172
recelved minor or no head/faclat injuries.

51/ Head injuries codable only as AIS-7, "injured, unknown severity," were included since
they gencrally were not of 8 minor nature and sometimes were fetal,
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[n the Safety Board's csses, a greater proportion of drivers wearing properly routed
lap/shoulder belts susteined head and facial injuries, compared to right front passengers
similarly restrained. In a frontal erash, pussengers have more head "ride-down" space,
compared to drivers who are close to the steering wheel.

The greater incidence of head injurles among belted drivers corapareu to belted
passengers in the Safety PRoard's study is consistent with the British hospital study
referred to eeriler and with other studles. 52/ 53/ 54/ The interaction of the driver's
lap/shoulder Delt system and steering assembly clearly deserves additional study.
Furthermore, modificatiors to the vehicle might help reduce head injurles in side impaets
and should be explored further.

Incidence of Fractured Ribs, Sternum, or Clavicle

Lap/shoulder-belted occupants can susiain fractured ribs, sternum, or clavicte from
a properly routed belt if the crash is severe enough since the belt must exert considerable
force to hold the body in place. Such belt-induced injuries, however, usually are a "trade-
of f." If unrestrained, the cccupant probably would have sustained more serfous injuries.

In the Safety Board's cases, lap/shoulder-belted occupants sustained fractured ribs,
sternum, or clavicle less frequently than they sustained head or facisl injuries of
moderate or greater severity., Only 28 of 213 front seat occupants wearing a properly
routed lap/shoulder belt sustained fractured ribs, ¢lavicle, or sternum. Once again, most
(21) of these injuries occurred in frontal, nonrollover crashes, 55/

A greater proportion of lap/shoulder-belted right front passengers in the study
sustained fractures of their ribs, clavicles, or sternums compared to drivers. (This is
consistent with other studies.) The difference was more pronounced in frontal crashes.
(See table in appendix L.)

The reader is referred to the chapter on missouted lap/shoutder belts for a
diseussion of chest injury induced by underarm routing of the shoulder belt.

liow the Board's Injury Analysis Was Performed

Summary data are !argely in terms of front seat occupants as a group. The report
distinguishes between the outcome for drivers wearing properly routed 56/ lap/shoulder
belts versus similarly restrained passengers in only some discussions. (Appendlix L,
however, presents additional Injury data by seating position)  The number of
lap/shoulder-belted right front passengers (56} compared to drivers (157) did not permit
extensive examination of the relationship of seating position and injury patterns in a given

52/ Nilsson, S. and Planath, I, "Facial Injury Occurrence in Traffic Accidents and its
Detection by a Load Sensing Face," Volvo Car Corporation, May 1987,

53/ Otte, D.; Suedkamp, N.;j and Appel, H., "Resldual Injuries to Restrained
Car-Occupants in Front and Rear-Seat Positions,”" Accident Research Unit, Hannover,
West Germany, May 1987.

54/ Hobbs C. A.,, Lowne, R, W., Penoyre, S, and Petty, S.P.F, "Progress Towards
Improving Car Occupant Protection in Frontal impaects,” 1ith International Technical
Conference on Experimental Safety Vehicles, May 1987.

55/ Fourteen case vehicle occupanis received both a head, skull, or facial injury of
moderate or greater severity and rib, clavicle, or sternum fracture.

56/ Front seal occupants wearing misrouted three-point belts are excluded from this
analysis. The outcome for these occupants Is described in the chapter on misuse.
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accident configuration. Further confounding the analysis Is the fact tt.at drivers and right
front passengers tend ‘o differ in age and sex--factors that influence injury, 57/ The
small number of front scat passengers precluded analysis of these factors.

The Safety Board notes, nonetheless, that a considerable body of data suggests that
differences in injury patterns and injiry sources between lap/shoulder-belted drivers and
similarly restralned frontl seat passengers exist and merit attention. These differences
were summarized recently in a paper co-authored by researchers from DOT and Transport
Canada (the Csnadian counterpart of DOT). Looking at the injury patterns and injury
sources of occupants involved in injury-producing front ecollisions, they found that
lap/shoulder—belted passengers received u higher proportion of severe and greater injuries
and a higher proportion of belt-related thorax and abdominat injurics, while
iap/shoulder-belted ¢rivers received more head and face Injuries (steering wheel-relnted),
and leg injuries (instrument panel-related). The authors hypothesized that the relatively
better injury outcome for the driver may be related to the foliowing factors:

1. the driver's body posture is more erect and better centered on the

steering wheel, which permits the belts to load the occupant'’s
skeletal structure more efficiently;

his knees may be better positioned than those of the passenger in
terms of "riding down" the impact;

the driver exercises some initial control of his kinematies by his
arms on the steering wheel and through his legs against the toe
board; and

4. the steering system muy provide a relatively efficient load path
and load distribution for the chest and abdomen of the driver, 58/

The Safely Board believes the interaction of the steering assembly with the
lap/shoulder-belted driver warrants further study., The introduction of slack into the

three-point system may also have different Injury consequences for a driver compared to
a right front passenger,

- o i prremraste

57/ Evans, .., "Occupant Protection Devlee Effectiveness in Preventing Fatalities," GM
Research Laboratories, April 14, 1987,

58/ Backaitis, S.H,, NHTSA, and Dalmotas, D., Transport Canada, "Injury Patterns and
Injury Sources of Urrestrained and Three Polint Belt Restrained Car Occupants in Injury
Producing Frontal Collistons," 29th Annual Cunference Proceedings, American Association
for Automotive Medicine (AAAM), October 7-9, 1985, Washington, D.C,
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MISUSE OF LAP/SIIOULDER HELTS

A motor vehicle occupant wearing a lap/shoulder belt clearly has en added margin of
safety that an unrestrained occupant does nol have. A lap/shoulder belt alsc clearly
provides supetior crash protection to that provided by a lspbelt or diagonal beit.
However, if the occupant is to receive the full benefit o” - e lap/shoulder belt, the belt
must be worn properly. tmproper use can degrade the b.. '3 gbility to prevent serious
injury and, given certain accident circumstances, may intreduce the possibility of serious
balt-induced injuries. The protection offered by a lap/shoulder belt can be compromised,
for exampie, il its user has the seatback reclined while the vehicle is in motion. The
three-point belt cannot provide proper protection to an occupant in this position, Other
forms of lap/shovider belt misuse include deliberately or unwitlingly introducing slack
into the belt system, misrouting the shoulder portion, cr sharing the beit with another
occupant. The Board’s cases included examples of all of these forms of misuse.
Fortunately, accident circumstances were such that, fn many cases, occupants who were
wearing their belts improperly suffered few consequences. In a few cases, however, the
misuse caused serious injuries.

As more end more people buckle up, the safety community is becoming aware that
motorists need 10 by 1aught that correct use of a seatbelt is critical if they are to obtain
optimum protection. For this reason, Physicians for Automotive Safety recently produced
a 14-minute film entitled "Buckle Up--and Do It Right," focusing on how belts should be
worn for maximum benefit and to avold belt-Induced injurles. The Amerlcan Automobile
Association (AAA) Foundation for Traffic Safety has also released naticnwide a 30-second
TV public service announcement and comic book featuring Hanna Barberra's Flintstone
characters to encourage vehicle occupants not only to wear seatbelts, but to wear them
properly. The materials also Hllustrate the inadequacy of lap-only belts,

Much of the AAA promotion is based on a 4-year study recently completed under the
direction of John D. States, M.D., Chairman &nd Professor at the University of
Rochester's Department of Orthopaedics. 59/ Dr. States' study, according t¢ the AAA,
"has provideud significant evidence of the serious consequences of wearing the shoulder
belts under the arm rather than over the shoulde~" This particular form of misuse was
also seen in the Safetly Board's cases.

t.ap/shoulder belt misuse was rarely noted in the police-generated accident reports
collected as part of the Board's case documemtation. The lack of information on whether
the seatbelt was misused or nol can have several consequences. First, it can leed 10
inaccurate assessment of lap/shoulder belt performance. Before the crash performance of
the beit can be evaluated, basic questions must be answered: was the occupant using the
three-point belt at the time of the crash; if used, was it worn correctly or incorrectly; and
to what extent did the aceident circumstances "test™ this misuse?

Second, the lack of information can lead to ircorrcet claims of Ybelt failure" when
in (act it was the occupant who failed to wear the restraint properly, not the restraint
system that failed. But unless this distinction is made, exaggerated fears of unreliabte
and "broken" belts will continue to hamper efiorts to increase b2it use among nonusers.

§9/ States, Jorn D.; Huelke, Donald ¥,; Dance, Murray; and Green, Roberl N,, "Fatal
Injuries Caused by Underarmn Use of Shoulder Harnesses," Journal of Trauma, July 1987.
Coples can be obtained by writing Department of Orthopaedies, University of Rochester
School of Medicine, 661 Elmwood Avenue, Rochester, New York 12620,
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Third, the extent of misuse will not be documented, and misuse will continue to be
ignored as a safety problem that needs to be addressed. As more States cnact belt-use
laws, misuse probably will grow. As a paper by the Insurance Institute of Highway Safety
(11HS) suggested: "It is possible that people who wear belts in response to a law may be
less likely to wear them correctly than voluntary users." 63/ Michigan, one of the first
States to pass a mandatory use law, asked the University of Michigan Transportation
Research Ceuter (UMTRI) to conduct a use survey and found "tentative evidence that the
number of pr:ople using seat belts incorrectly increased with the increase in the proportion
of motorists using seat beits after the law took effect.” 81/

The true incldence of misuse may never be known, Observers are handicapped by
the difficulty of observing misuse, especially routing errors. (See figure 18.) Slack may be
easler to spot, but It still requires a trained observer. (See figure 19.) Indeed, verification
of lap/shoulder belt use is by ftself difficult enough for observers to discern. For
example, a study conducted by the Maryland State Police of restraint use in vehicles
coming in and out of selected State police bearacks relied on color photos of the drivers to
determine if the driver was belted. 62/ Even after clearly unusable ohotographs were
elimiinated, reviewers were unable to determine belt status in 258 of the 337 usable prints.

In another study conducted in Maryland, a State that has a seatbelt use law, the I1HS
filmed drivers as they approached stop signs. The film was studied by a ‘rained panel to
ascer’ain beit use and misuse. More than half the 1,580 drivers observed wete restrained
by properly routed lap/shoulder belts. An additional 2 percent were wearing the shoulder
harnass improperly routed under the arm or over the wrong shoulder wiith underari
routing the more common of these two errors. More women than men wore .mproperly
row.ed beits. (IIHS did not count the number of lap/shoulder belts with the shoulder
portion behind the back--this was regarded as & three-point belt not in use.) Of the
drivers with properly routed belts, 25 percent had slack in their shoulder portion,

A iarger body of data on lap/shoulder belt use comes from the NHTSA 19-city
survey of restrained drivers conducted from January thtough June 1986 (11,528 venicles).
‘the cbservational su~vey found that 2.9 percent of drivers wearing lap/sho slder belts
misused them: 1.6 percent wore the shoulder portion under the arm, 0.6 percent had the
shoutder portion behind the back, and 0.8 percent wore the shoulder portion "lcose." (Sce
appeidix J for tables from the NHTSA report)) The differences between the NHTSA and
1IHS susvey in terms of percent of drivers with belt slack are due, no doubt, to differing
definitions of slack. The shoulder portion had tc be practically "failing off" the occunant's
body before the NHTSA recorded it as "slack.”

60/ Williams, A. F. and O'Neill, B, "Seat Belt Laws: Implications for Occupant
Protection,” SAR Technlcal Paper Series (SAE Publication 780683), 1979,

61/ Wagenaar, A. and Wiviott, M,, sEffects of Mandating Seutbelt Use: A Serles of
Surveys on Compliance in Michigan," Public Health Reports, September-October 1986,
Volume 101, No. §.

62/ NHTSA-sponsored Law Bnforcement Summit Meeting on Occupant Protection, "Use
of Safety Belts by Law Enforcemen® Officers Following Passage of Safety Bell Law,”
July 31, 1987.




Figure 18.--Observers who attempt to determine the frequency of belt routing errors
among lap/shoulder bell wearers are handicapped by the difficulty of seeing the
misrouting. Vlewing angle and position and the clothes and size of the occupant all
combine to iaake determination difficult, The drivers llustrate shoulder portion under
arm (top); shoulder portion over arm (middle); and shculder portion behind back (bottom).
The helt Is the same color as the seat, also adding to the viewer's problems.

1
{
'
i
3
i
3
§
i
:
;
,§

s e o s v,

e > o T o

SR %y Al gl ot i THE 2 RN, g R T At oSS
5 I . ¥, N




Clian e i Yy A U At b AR SRR IOl s s, B b e

Figure 19.--Typlcal appearance of lap/shoulder belt when the shoulder portion Is snug
(solid line) and when it Is slack (dashed line). (Reproduced courtesy of the IHS.)
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TYPES OF MISUSE

Reelining Seatback

Lap/shoulder belts offer good protection in a variety of crash configurations to
occupants who wear the belts properly. Part of proper use involves sitting upright so that
crash forces can be spread over the body by the three-point belt. A person reclined in a
seatl while wearing a lap/shoulder belt is not "centered" in the b2lt.

The Safety Board notes with concern that meany vehicles are being mearkected with
reelining seats, most often in the front but sometimes in the rear as well. The existence
of such seats may tempt adults, and children in particular. to combine belt use with a
reclined seat. At best, iap/shoulder belts, indeed any type of seatbelt, offer reduced
effectiveness when used with a reclined seat. At worst, a lap/shoulder belt and a reclined
seat may be a potentially dangerous combination In a moving vehicle--proper fit is
impossible. (See figures 20 and 21.)

Some owner's manusls do warn of the dangers of reclining seatbacks while the
vehicle is In motion or that seatbelts are designed to be worn only by upright occupants.
Below is typical language from an ownéer's operating manual:

Seatback Position When Moving

Caution: To reduce the risk of stiding under the belt during a collision,
an occupied reclining sent should not be reclined any more than needed
for comfort. The seatback and seat belts provide best restraint ONLY
when the rider is sitting well back and stralght up in the seat. (The lap
belt is designed Vo spread the force of a collision over the hip-bone. if
you are reclined, the lap beit may slide past your hips and apply restraint
forces directly to the abdomen. Therefore, in the event of a fronta!
collision, the risk of personsl injury may increase with increasing recline
cf the seatback,)

Do not adjust the reclining seatback on the driver's seat while the
vehicle is moving. The seatback could move suddenly and caus¢ the
driver to lose control of the vehlele.

Howaver, despite such warnings, some advertisemants for car: equipped with reclining
seats show a right front passenger reclined in a seat while wearing a lap/shoulder belt
with the vehicle obviously in motion, Such advertisements undermine the already limited
effectiveness of owner's manual warnings (especislly if the warnings are unclear, as in
advising not to recline the seat "any more than is needed for comfort"). Should an
occupant misusing a lep/shoulder belt in this way be injured in a crash, the belt should not
be described as having “failed.”

The dangerous combination of a reclined seatback and lap/shoulder belt use caused
the death of a young boy in case 216, Before the accident, the right front passenger, a 7-
year-old boy, was asleep with his seatback reclined 43 degrees in a 1977 Honda sedan. He
was wearing his lap/shoulder belt, but it could not be positioned against his body
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Pigure 20.--Safety Board employee demonstrates possible positions of & lap/shoulder belt
used in combination with a reclining seat. The seatback angle is varied, and belt
positioning is far from ideal. The vehicle Is a 1987 Hyundai Excel, The top photo shows
the seat reciined at a 30-degree angle; at the bottom it is fully reclined. The Investigator

posing for tne above photos is 6 feet, 165 pounds. (See also figure 23)




d 30 degrees; the bottom photo shows

'The top photo shows the seal recline
The woman shown is § feet 1 ineh, 114 pounds.

Figure 21.--
the seat fully reclined.
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correctly: the reclined seat position causid the shoulder portion of the belt to be
suspended in front of his face, with substantial space between the shoulder strap and his
body.

The Honda ran off the road at a curve, across a field, and hit a tree head-on (a
Delta V 30-mph collision). Maximum crush of the front end was 26 Inches. Because of his
reclined position, the child submarined under the lap portion of his beit at impact; at the
same time, his upper torso pivoted upward and forward, striking the shoulder portion of
the belt with his neck. He sustalned Injurles to his neck, chesi, and upper torso, including
a contusion of the right lung and fractured left clavicle and was found dead at the scere.
The coroner determined the cause of death to be a "vagovagal” reflex (carotid body
reflex) caused by the shoulder harness blow to his neck. Perhaps in this type of seat
orientation, a larger child would be vulnerable to a vasovagal attack resuiting from a blow
to the chest. 63/(See figures 22 and 23 for the relationship of the boy's body and beit
before and after the crash.) It is unlikely that, had the lap/shoulder belt been used
properly, the boy would have teen killed.

The Safety Board Investigated two cases involving adults in reclined s:ats, but in
these cases, the consequences of misuse were less severe In case 57, a 30-year-old man
was reclined in the right front seat of a 1976 Mercury Capri, but his hody became more
upright as the accident sequence began. The car underwent a Delta V 21-mph frontal
collision, followed by a 90-degree rollover. He sustained moderate injuries, Including two
fractured ribs from the shoulder strap. Investigators attributzd these fractures to the
abnormal loading of his body; he had more space between his belt and body than usual, due
to the reclined angle of his seat. In the other case, case 65, the adult passenger in the
right front position had reclined the seat 45 degrees. Vhen the 1982 Nissan Sentra was
struck head-on (Delta V 19.6 mph), he sustained moderate injuries--major chesi
contusions from contact with the shoulder portion of his belt, as well as major contusions
to his abdomen from the lap portion. Once again, his reclined position probably
contributed to his injuries.

Misrouting

As stated earlier in this report, lap/shoulder belts provide superior crash protection
coimpared to lap-only belts and diagonal beilts. Unlike lap belts, three-point belts provide
upper torso restraint, helping protect the head and skull. In contrast to other belt
systems, a lap/shoulder belt spreads collision forces over a much larger area of the body.
Researchers warn that the lap portion of the three-point belt should cross the lower

63/ Vagovagal is a transient vascular and neurogenic reaction r.arked by pallor, nausea,
sweating, bradycardia, and rapid fall in arterial blood pressure which, when below a
critical level, results in loss of consclousness and charactecistie electronencephalographic
changes. The boy could have died from blunt trauma to his chest as he struck the shou.der
strap suspended in front of him. A severe blunt impact to the upper torso could result in
cardiac arhythmia, followed by either ventricular fibrillation or ventricular standstill.
The basic biomeckanies of the fatal chest impact could be similar to those seen in
baseball/softball-related deaths for children ages 5-14: the ball hits the pliable sternum,
and the sternum puts the chest wall in motion. The heart is slapped by this inner wall at
approximately 50 percent of the speed of the bail; ventricular fibrillution or standstill and
respiratory arrest are the results.




Figure 22.--Sketeb of the belt position prior to the crash,

/4

Pigure 23.--Sketch of beit position following erash, as the body was
found. The fatally injured occupant submarined under the lap
portion of the belt (it went up into his arm pit), and his torso
moved forward, causing his neck to strike the shoulder portion,
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abdomen below the Hiac crests. The shoulder portion should be worn over the shoulder so
that it rests on the claviele, the top part of the shoulder, and crosses the middle of the
chest. 64/ In this way, the lap/shoulder belt can Jdistribute the erash forces over large
areas of skeletal structure.

Positioning the shoulder portion of the belt under the arm, behind the tick, or
behind the neck and over the Inside shoulder are forms of belt routing errors. Such errors
effectively defeat the upper torso protection provided by the three-point Ltelt and
increase the possibility of belt-induced injuries. The Safety Board investigated at least
nine cases involving adult occupants who ~&d misrouted their lap/shoulder belts (see
appendix B); one died as a direct result of this misrouting (case 215). 'n other cases, the
resulting injuries ranged from minor to eritical injuries, (Other misrouting cases involving
ehildren are discussed in the chapter on children and lap/shoulder belts.)

Under the Arm Routing.--The shoulder portion of 3 lap/shoulder bell must be placed
over the shoulder so crash forces can be spread over the clavicle, shoulder, and chest.
Placing the shoulder portion under the arm may resuli in broken ribs and Injuries to
intestines, mesenteries, liver, spleen, kidneys, aorta, and other organs. In addition,
because of the unusual position of the shoulder strap, the occupant's diaphragm can be
ruptured and the heart and lung injured.

The circumstances and severity of a particular accident will determine whether and
to what degree this form of the misuse is harmful to an occupant. For example, in
case 215, misrouting caused the death of one young woman. A 1982 Datsun, occupied by
two young women wearing iap/shoulder belts, ran off the road into a grass median and
struck a tree head-on, a Delta V 26-mph collisfon, There wes no intrusion Into the
passenger compartment. (See figure 24.) The driver, who was wearing a lap/shoulder beit
properly, sustained moderate injuries--a fractured finger and nose, facial lacerations, and
knee abrasions. In contrast, the right front passenger, who was wearing her lap/stioulder
belt with the shoulder portion routed under her right arm, sustained critical injuries that
proved fatal. Her injurles were almost all directly traceable to the misused lap/shoulder
bell. She sustained an almost complete transection of the duodenum, laceration of the
pancreas, laceration of the splenic artery and vein, transection of the portal vein-superior
mesenteric vein junction, laceration of the left side of the diaphragm, transection of the
upper spinal cord, and fractured 12th thoracis vertebra. Four of her ribs (8, 9, 10, and 11)
were fractured on her lower left side and two (10 and 11) on the righi, showed clear
evidence of the sbnormal belt loading. She also had an oblique linear abraston across her
abdominal wall. The dead passenger was found slumped forward toward the console with
her head tilted to the right. This case (case 215) puzzled police, who initially raported it
as a case involving a reclining seat. Safety Board investigators found that rescuers, not
the occupant, had reclined the seat.

Misrouting has only gradually been recognized as an injury source. One of the first
warnings about the dangers of underarm routing came in 1961 whzn Swedish researchers
studied injurles caused by underarm use of a singie diagonal seatbelt. 65/ Not until 1978
was the first case involving s fatality from underarm placement of a lap/shoulder helt
documented and published in this country:

64/ States, op. cit.
85/ VonBahr, V. and Rriksson, E., Skador av_Sakerhetbalten, UXKZVT S. Venska
Lakartidningen §8: 141- 146, 1981, Cited in States, J. op. cit.




Figure 24.--Interior view of Datsun {case 215), Media reports explaining the death of the
right front passenger claimed the crash was not survivable; it was. There was no intrusion
into the passenger compartment and the crash forces (Delta V 26 mph) were survivable.
(The properly restrained driver survived with only moderate injurles.) Medla also
portrayed the aceidenl as a "success story" for restraint use because one of the two
lap/shoulder-belted oceupants survived, However, the passenger would have survived if
she had not placed the shoulder portion of her belt under her arm.

1 o RN, S A SN K 2




-50-

A 1678 OlJsmobile Cutlass Supreme was attempting to pass another
vehicle on 8 two-lane undivided country road. The driver of the Cutlass,
apparently observing an oncoming car, spplied the brakes, fish-talled on
the lce-covered roadwey, went off the roadway, and impaected a
snowbank. The car re-entered the rozdway and both lanes into the path
of an oncoming Valiant. In this head-on ecrash, the Delta V for the
Cutlass was calculated to be 25 mph.

The 30-year-old, §-foot 10 1/2-Inch male driver of tire Cutlass sustained
tatal chest injuries. He was obscrved at the scene of the accident to
have the shoulder belt ninder his arm. Autopsy revealed fractures of the
eight ribs 2-9 and left ribs 2-5, transection of the sorta 1 em distal to
the subclavian artery, and minor lacerations and cuntusions of his right
eye, lips, and lower legs.

This case and five others involving fatal Injuries due to misrouting belts under the
arm are deseribed in the paper by Dr. States cited earlier. He concluded:

Lacerations of the liver, cpleen, intestines, mesentery, diaphragm and
aorta, and spine injury have occuried in accidents, most of whirh should
have been survivable. The motoring public must be warned that
underarm use of shoulder belts is hazardous and may cause fatal injuries
in otherwise survivadble accidents.

The practice of placing the shoulder portion underncath the arm can, the paper warns,
result in loads "far In excess of the injury tolerances of the lower chest and upper
abdomen."

Other cases involving serious or fatal injury due to belt routing errors and other
forms of misuse of lap/shoulder beits were described by Canadian researchers in 1986 and
are presented in appendix K. 66/

Behind-the-Back Routing.--1f the shoulder portion of the three-point beit is placed
behind the hack, the occupant loses the advancage of the shoulder portion of the belt. In
effect, the occupant is restrained by a lap-only belt--no upper torso restraint is provided,
and the cccupent’s head can come in violent contact with interior components. In
addition, the lap portion of the bell can induce severe abdominal and spinal injuries. When
the lap/shoulder belt is routed properly, jackknifing will not oceur and crash forces are
diffused over a larger portion of the body than with a lap-only belt. Excessive abdontinal
loading is, therefore, less iikely to occur.

The Safeiy Board investigated only two cases involving adults who had routed their
belts behind their backs. Childcen were more frequently observed with this misuse,

Behind-the-back rcuting resulted in severe injuries for the driver of a Nissan pickup
truck who losi control of his vehicle and struck a wooden utllity pole. The vcehicle
received major structural damage to its front with more than 40 inches of collapse at the
right front. The driver sustained a critical injury: avulsion of the colon caused by the lap

66/ Green, P.j German, A ; el. al., "lmproper Use of Occupant Restraints: Case Studies
From Real-World Collisions,” 30th Annual Proceedings, AAAM, Octlober 6-8, 1186,
Montreal, Quebec.
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portion of his belt. By eliminating his upper torso restraint--the shoulder portion of his
belt--the lap portion conveyed much of the erash loading to his abdomen. The driver also
sustained numerous laccrations to his face and knees from contact with the steering
assembly, but these injuries were minor (case 192).

In the other case involving an adult with the belt routed behind his back--a rear-end ‘
cresh--the misrouting made little difference because of the accident configuration
{case 29). The occupant accelerated back into the seat at impact.

Slack

For optimal crash performance, both the lap and shoulder portion of the three-point
beit should be "snug" and properly positioned. In a frontal crash, 8 seatbelt so used will
amest or at least minimize the body's forward motion and will minkniz:; the body's
contact with the Injury-causing elements of the vehicle's interior. (The arms and legs, of
course, are free to flall, as with any belt system.)

I "slack" Is present in the lap/shoulder beit sysiem, particularly in the shoulder
portion, the opportunity for a degraded level of occupant protection exists, 67/ The crash
consequences of the slack will depend in part on the occupant's seating position (front or
rear seat, driver or passenger, ete.); ‘he occupant's height, weight, and other physical
characteristics; the design of the car Interior; the amount of slack in the system; the
crash configuration; and the severity of the aceldent. The last two factors can be quite
important, since slack would probably have little consequence in & rear-end or side
collision of minor severity. '

Perhaps the most perplexing problem in any discussion of the crash consequences of
"slack” in a three-point bell system is the lack of a precise definition of "slack." »’ 2k,
like "snug,"” has no uniform definition. Safety edvocates do not agree al what poi-t .1k
can prove injurious. FPor example, in a pamphlet on "Seat Belt Use During Pregna..y"
developed by the American College of Obstetricians and Gynecologists unde» a contract
from the DOT, 68/ the following statement appears: "Up to 3 inches of slack between the
beit and the chest appears to be safe.” Owner's manuals produced by car manufacturers,
on the other hand, refer o excess slack as "more ttan 1 inch" of shoulder belt webbing
pulled out from the retractor after the belt Is snug egainst chest or enough to insert a fist
between the belt and the chest. In the IIHS "slack" surveys, it was defined in terms of "no
slack, 1 or 2 inches of slack, and 3 or more inches.” In its 19-city survey, the NHTSA
instructs observers that "the distance between the shoulder belt and the driver's chest
should not be much more than the width of & normal fist, as a general rule. if the
shoulder belt is excessively loose or falling off the shoulder, record as {oose'l." In the
Safety Board's investigations, occupants were asked to define shoulder belt fit in terms of
space for inserting the palm of the hand, a clenched fist, or more than a clenched fist
between belt and chest. Of course, objective evidence such as loading marks on the
webbing helped in the consideration of the more subjective evidence of the user.

67/ Slack in the lap portion of a three-point belt can increase the pessibility thal the
lap/shoulder-belted occupant will "submarine" under the belt in a crash or sustain
abdominal Injuries, but such cases appear to be quite rare. Slack in the shoulder portion
of a three-point helt is far more common and of more concern to safetly advocates.

68/ "The Healthy Pregnancy: Seat Belt Use During Pregnancy," American College of
Obstetricians and Gynecologists, December 1983,
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In some cases In the Safety Board's study, the amount of slack (in combination with
the users' size and the particular accident circumstances) was not sufficient to produce
infjuries more serious than those sustained by occupants restrained by a lap/shoulder belt
worn "snugly." In some cases, however, the smount of slack was so great it did nrove
injurious, even fatal. Case 84 Is such an example:

A 1983 Buick Regal four-door sedan, occupled by a driver and right front
passenger wearing lap/shoulder belts, veered off the right side of the
roadway and struck a utility pole head-on, a Delta V of 28 mph. The
Buick received substantial structural damage with inward collapse of up
to 3€ inches. There was no psssenger compartment intrusion. 'The
lap/shouvider-beited driver, a 62-year-old man, sustained minor Injurics
(lacerations and contusions), while the passenger, a 58-year-old woman,
sustained massive chest trauma and died in the emergency room
43 minules after the accident. She bled to death from a possible rupture
of the aorta and/or heart. All of her ribs on the left side were fractured,
and her sternum was fractured as well.

Rescue personnel had found the passenger leaned forward in the scat in a
fetal position with her buttocks resting on the front edge of the bench
seat. Her knees and lower legs were against the lower part of the
dashboard. She was still wearing her lap/shoulder belt. Rescuers
described the shoulder portion of her lap/shoulder belt as over her right
shculder and the lap portion slightly above the navel. Force loading
rrarks were found in the area of the lateh plate and D-ring and the belt
webbing was scarred--further documenting that the belt was in use at
the time of the crash. The driver's lap/shoulder beit also showed force
loading marks in the webbing in the area of the cinching latchplate and
D-ring, Indicating use at the time of the ascclident (case 84).

In this accident, both occupants were restrained by a continuous loop tap/shoulider
belt equipped with emergency locking retractor sensitive to vehicle motion, 63/ a
windowshade tension relief device, and a cinching latchplate., However, the driver had
introduced only a small amount of slack in both the lap and shouider portion of his belt,
which did not prove harmful in his case. The passenger, in contrast, had Introduced a
Jarge amount of slack, so much that during the crash, her body may have "submarined"
under the belt until she was aimost off the seat, stopping only when her knees contacted
the glove box and dashboard. 70/ In her case, the siack she had introduced into the beit
system proved fatal by allowing her body to move forward in such a way that massive
chest trauma occurred.

"Tension Relief" Devices,--Most lap/shoulder belts in passenger vehicles in the U.S,
are designed tc allow occupants to introduce slack in one of two ways: by positioning a
"eomfort clip" or by activating a "windowshade" device. In the accident just described,
the occupants of the Buick had belts equipped with "windowshades."

89/ "“Sensitive to vehicle motion" is the term commonly used to deseribe such a retractor,
but it actually is sensitive to vehicle acceleration or deceteration,

70/ One possible reason for the loose restraint was that she was wearing an
ibocystoplasty (waste bag) on her right side.
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Much of the concern &bout slack in lap/shoulder belt systems has been focused on
windowshade-equipped belts. Since the 1970s, most cars designed and manufactured in
the United Staies have used these devices to eallow slack to be introduced into the
shoulder portion in much the same manner as a windowshade operates. When the shoulder
belt is slowly extended, slack is introduced until a pause is made, and then the shoulder
harness "locks" at that position. 1f the belt is further extended, the system will relock at
the new length, Owner's manuals warn lhalt no more than 1 inch of slack, or the
equivalent of a clenched fist, should be introduced between the body and belt. But far
more slack is possible in windowshade-equipped belts--more than 16 inches in many cases.
(See figure 25.) An occupant can introduce slack by deliberately extending the belt or
through voluntary or involuntary body movement; the slack remains in the system until
the occupant deliberately reactivates the windowshade and resets the belt more snugly.
Contrary to the belief held by many occuparts In the Board's study, the slack existing at
the beginning of the crash will not be taken out of the belt as the crash progresses--l.e.,
the belt will not tighten up as the crash takes place. 71/

Some cars have "comfort clips" for introducing siack--a plastic sleeve attached to
the shoulder belt, which, deperding on its location, can prevent the belt from retracting
fully. (See figure 26.) This amount of slack will remain In the shoulder belt until the ¢lip
Is repositioned. If positioned improperly, the clip too can introduce a dangerous amount
of slack. If positioned low on the belt, however, it may not affeet belt fit at all. (See
figure 27.) Unlike a windowshade-equipped belt, the occupant with a comfort clip-
equipped belt cannot increase the amount of slack ir the system involuntarily. The

amount of slack possible in the system is determined by the position of the comfort clip
on the belt.

Domestic cars may have either windowshades or comfort clips as slack devices;
imported cars, on the other hand, are almost never manufactured with windowshade-
equipped systems (windowshades ave outlawed in many foreign countries) and only
sometimes come equipped with comfort elips. Imported vehicles commonly have no slack
devices. (See figure 28.)

Prevalence of Slack in Safety Board Cases.--The Safety Board collected data on the
fit of both windowshade- and nonwiadowshade- -equipped lap/shoulder belts worn by case
occupants. About 40 percent of the lap/shoulder belts in use in the cases were
windowshade-equipped, and 60 percent were not.

Slacx was present for 23 percent of the case vehicle drivers restrained by
lap/shoulder belts, and it was more often found in the shoulder than in the lap portion.
(Only eight drivers had slaek in the lap portion).

"l/ Unless, of course, the belt has a “pretensioner,” which causes the belt to take up the
additional slack and become snug if sensors sense a crash impulse. Pretensioners (more
accurately called emergency tensioning retractors) have been standard equipment on sll
models of Mercedes Benz since 1986, and are standard in certain medels of Saab, Volvo,
and other imported cars. (BMW lap/shoulder belts come equipped with a "snubber," a
mechanical device, not sensor-activated, which clamps on the belt webbing during a erash
and reduces "spool-out.")

b i L o R S A L e e




Figure 25.--Examples of the varying degrees of slack that can be present in a
windowshade-equipped emergeney locking retractor (ELR) lap/shoulder belt. In the top
photo, little if any slack is present, In the middtle photo, the driver has introduced slack in
the shoulder portion so that it is quite loose. In the bottom photo, he has introduced a
lesser, but still significant, amount of slack into the shoulder portion {note the “dipping"
of the shoulder harness below the headrest), but now he slso has introduced slack into the
lap portion of the belt. (The cinching latchplate allows slack in the lsp portion.) The
lap/shoulder beit In the 1985 Chevrolet Monte Carlo Is equipped with a vehicle sensitive
ELR with windowshade device and cincehing latchplate.
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Yigure 26.--Shoulder belt comfort clip. (Drawing
reproduced with permission of the 114S.)

Figure 27.--Position of the comfort elip (see arrowv) is 100 low
to affect belt tension. Belt shown has unusual configuration:
a roof-mounted stalk with D-ring attached.




Shoulder Belt Slack Devices In Surveyed
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Figure 28.--Shoulder belt stack devices in surveyed 1974-87 model cars in Maryland.

NOTE: In general, 11HS assigned slack device types lo vehicle makes and models on the
basis of how these models were equipped at the time of manufactlure. In some cases,
however, more than one type may have been provided by the manufacturer or the belt
may have been an aftermarket conversion, (Reproduced with permission from IIHS.)
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Shoulder belt slack was more common in windowshade-equipped belts than in those
without windowshade. If slack was present, nonwindowshade-equipped belts had slack
more often in both the lap and shoulder portions {(compared to shoulder only), but this
reflects the fact that many nonwindowshade belts have free-sliding latchplates, whiel
automatically apportion slack between the lap and shoulder portions.

'revalence of Slack Nationwide.--Just how many lap/shoulder belt users routinely
wear their belts with slack Is not known. The NHTSA 19-city survey of restraint use
found that fewer than I percent of the more than 11,000 lap/shoulder-belted drivers
observed hed slack in their belt systems. Drivers aged 50 and older were more likely to
wear their belts "ioose"” than were younger drivers. (Two percent of older drivers in model
year 1984-1987 vehicles wore their belts loos2.) "Loose" belts were far more common in
domestic than in imported vehlclos.

Other studies have found slack to be & much more common occurrence. For
example, in 1987, lIHS researchers analyzing filins of Maryland drivers found that,
although they hed routed their lap/shoulder belts across their bodies correctly, close to
1/4 of all drivers were stlll using the beits improperly--excess slack was present in the
shoulder harness. Of the restrained drivers of domestic cars, 27 percent had t to 2 Inches
of slack in the shouldes portions of their belts, and § percent had 3 or more inches. In
contrast, only § percent of the restrained drivers of imported cars had 1 to 2 inches of
slack, and none had 3 or more inches. The windowshade slack device, found only in
domestic vehicles, was most often assoclated with slack. (See figure 29. See also
appendix J.) 72/

Comfort Clips.--In the 14 case vehicles in which dealer or manufacturer-supplied
comfort clips were present, only one clip was positioned on the belt so that it could
introduce slack (case 132). In this case, however, it made only a minor difference in
injury outcome. In all the other cases, comfort clips were apparently positioned so low
on the shoulder portion of the belt that they could not introduce slack.

In case 20, a homemade "comfort clip” (a large safety pin) dld degrade the three-
point belt's performance by introducing slack. A 66-year-old woman driver of a 1978
Subaru station wagon, anxious to privent the shoulder strap from rubbing her sore left
shoulder, inserted a safety pin through the webbing below the D-ring, thus introducing a
significant amount of slack in the shoulder portion. (The lap portion remained snug.) This
increased the severity of her injuries when the car ran off the road and head-on into a

72/ The 1IHS called for the elimination of windowshade-equipped belts bacause, in their
opinion, they allow vehicle occupants to wear belts too loosely:
The various devices used in North American cars for relleving shoulder
belt pressure ana neck chafing caused by poor fit can also result In the
introduction of excessive slack. They may be useful in attempting to
increase voluntary use of 3-point belts, but they are probably
counterproductive when permitted in conjunction with mandatory use
laws, because they seem to cause significant numbers of people to use at
least the shoulder belt portion of the system improperly. Sueh devices
are not even permitted in Australia and much of Burope.
Brian, O'Neill, President of IIHS, Summarizing Discussion after Session 1, at the
Organisation for Economic Co-operation and Development Meeting on lthe Effectiveness
of Safety Belt Use Laws, November 11-14, 1935, Washington, D.C.




~58-

Estimated Slack in Shoulder Belts Worn by Maryland Drivers in
1974-87 Model Vehicles

None
B 2 inctes

i D 2 3 nches

Petcent

Domestic imported Domestic imported
CARS LIGHT TRUCKS

Figure 29.--Table from HHS study, "Improper Shoulder Belt
Use by Maryland Drivers,” June 1987.

lacge tree (Delta V 24.1 mph). She sustained serious injuries, including a basilar skull
fracture and cervical fracture from contact with the steering wheel, and & fractured
clavicle and ribs from contact with the steering wheel and shoulder strap. 73/

Crash Consequences of Slack.--"Safely experts agree that anything more than an
inch or two of additional siack can have profound consequences for safety." 74/ The extra
inches of movement permitted by a slack lap/shoulder belt can harm a motor vehicle
occupant In a variety of ways: by impacting an interior component that would not be
within reach If the occupant were snugly belted, by impacting a nearby object with
greater force than usual, or by sustaining more serlous belt-induced injuries than
expected. Increased slack in the shoulder portion of the belt, in particular, may lead to
inereased head injuries.

13/ Even if properly belted, she would have contacted the steering wheel--her seat was
adjusted far forward (she was only 5 feet 4 1/2 inches tall), but the slack allowed her to
strike the steering wheel with increased force, increasing the severity of her injuries.

74/ Robert Dewey, Center for Auto Safety, quoted in "Seatbelt Verdiet Costs General
Motors $800,000," Fuel Line, March 1987.
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NHTSA Crash Test Data on Slack.--Crash test data support the view that slack
increases the ehences of head injury. In 1982, the NHTSA condueted four "informal® sted
crash tests. 78/ Dummies wearing lap/shoulder belts equipped with windowshade devices
were placed in the right front passenger position in a sled containing the front section of a
car. The lap portion of the three-point belt was snug in all tests, but researchers varied
the tests by introducing different amounts of slack in the shoulder portion ranging from 0
(no slack), 1 inch, 2 inches, and 16 3/4 inches (the maximum amount of slack possible).
Instrumentation on the dummies during the 30-mph frontal crash tests recorded the
following head impacts in terms of Head Injury Criterion (HIC):

Slack

{inches) HIC

439
641
796
1,802

The higher the HIC, the greater the likelihood of serious or fatal injurics; 1,000 is the
threshold above which seriour or fatal head Injuries are thought to be likely. As the
figures above show, slack increased the likelihood of head injuries in NHTSA's erash tests.

The Safely Board notes that the dala were for right front passengers only; the
consequences of slack for a driver may well be more severe in terms of head injury.

Examples of the Injurious Effect of Slack in Safety Board Cases.--The Safety Board's
cases include examples of lap/shoulder-beited occupants who sustained more serious
injuries due 1o slack than the injuries that would have been expected with a snug belt. In
some of the cases, slack in the shoulder portion allowed the lap/shoulder-belted driver or
right front passenger to strike the windshield or rear view mirror and sustain head and
face Injuries that otherwise could have been avoided. In other cases, slack in the shoulder
portion allowed the driver to contact the steering assembly with increased force. Two
examples follow showing the effect of slack for drivers in different crash severities. The
lap/shoulder belt system in each example was n continuous loop system with an emergency
wocking retractor sensitive to vehicle motion equipped with a windowshade tension-
releasing device and cinching latchplate.

In case 67, the driver of a 1984 Ford Tempo rear-ended the back of a truck tractor
being towed by another truck tractor--a Delta V 27.5-mph collision for the Ford. It
received extensive damage across the front with maximum crush of 29 inches. The 55-
year-old male driver (170 pounds, 5 feet & inches tall), restrained by a lap/shoulder belt
with slack in both the lap and shoulder portions, sustained moderate injuries, including a
large contusion on his forehead from contact with the steering wheel rim. At impact, he
moved forward 15 to 17 inches and slruck the steering wheel rim with his face with
sufficient force to deform the rim 2 inches. When the Safety Board invesligator
interviewed the driver and reconstructed the events of the erash, he found that the driver
had degraded the crash protection of his beit in several ways. The driver had removed the
belt webbing from the B-pillar-mounted guide ¢'ip. He also Introduced approximately 2
inches of slack in the lap portion of the belt. (This determination was possible because
the latchplate loading mnark showed the original position of the cinching latehplate.) The
driver also showed the investigatc~ how he had deliberately introduced several inches of

75/ Esser, R. C. "Restraint Model Validation Tests, Phase 1, NHTSA, February 1983.
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stack into the shoulder portion of his belt by activating the windowshade. Finally, the
swiveling stalk on which the D-ring is mounted in that model of Tempo might also have
introduced additional slack into the shoulder portion as the driver's body went forward in
the crash; this stalk design was discontinued in the 1986 models. Mence, slack played a
part in permitting the driver's head to hit the steering wheel. 76/

Case 201 Is another example, this time of a more minor crash, in which stack
contributed to the severity of the driver's injurles. A 1978 Buick Regal was struck in the
front by an oncoming 1982 Dodge Aries, a Delta V 21.1-mph collision for the Buick. The
Buick received substantia! structurel damage with inward co!lapse of up to 20.5 inches
across the entire (ront end. The 39-year-uld female driver (110 pounds, 5 feet,
2 1/2 inches tall) was wearing a lap/shoulder belt.

The driver had been restrained by a windowshade-equipped lap/shoulder belt of
design similar to that of the Tempo described earlier, but without the swiveling D-ring
and belt guide. The lap portion of the belt reportedly was snug, and the shoulder portion
was reporicdly adjusted so that at lcast a clenched fist could be placed between the
webbing and chest. (No force loading marks were present on the system webbing to
confirm the fit description.) The driver received a long forehead laceration from contact

with the steering wheel hub, Again, slack in the bell system probably allowed this injury
to occur. 77

The study contains other examples of the injurious effects of slack in a lap/shoulder
belt system. These cases provide detailed documentation of the factors relevant to the
question of windowshade performance (details not provided in larger data bases).
However, while windowshade-equipped belts in the Safely Board's study were more likely
to be worn with slack than were nonwindowshade lap/shoulder belts, there did not appear
to be any direct relationship between this fact and the frequency or severity of
injuries. 78/ When all front seat occupants wearing lap/shoulder belts equipped with a
windowshade feature were compared to all front seat occupants wearing ronwindowshade
lap/shoulder beits, no large differences in overall injury severity (MAIS) emerged. Neither
did the two groups differ, overall, in the frequency of AIS 2 or greater head or facial
injuries or frequency of fractured ribs, clavicle, or sternum.

Occupants of both groups were involved in similar types of aceidenis {angle of
impact and Delta V), so differences were not masked by this factor. It could be
hypothesized that slack would be most harmful in a frontal crash, but differences did not
emerge when only frontal nonrollover crashes were examined.

76/ It should be noted that in the Safety Board investigators' view, even with slack in his
lap/shoulder belt system, the driver was better off than if he had been unrestrained.

77/ Ouce again, though, Safety Board investigalors believed that the misused belt system
probably prevented mcre serious injuries,

78/ In considering this, several points should be remembered. First, slack cannot always
be measured or determined. In windowshade-equipped cars, opening the door takes up all
slack in the system, so it is difficult for investigators to reconstruct belt fit. Physical
evidence of belt adjustment was not always present on the belt webbing. Second, the
precrash track adjustment--how far forward the scal was on the track--and seatback
angle could not be determined in many cases. Third, occupants' characteristics--age, sex,
weight, seated height--and eclothing may also have obscured differences in belt
performance due to slack. Laslly, vehicle size may play a large role in determining how
injurious siack will be, since vehicle size infiuences crash pulse. It may be that the effect
of slack is masked by the larger size of windowshade-equipped domestic cars versus the
nonwindowshade systems in smailer imports.
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The same also held true when the Board compared cases of feont seat occupants
restrained by windowshade-equipped beits with siack to those restrained by
nonwindowshade belts with no stack. Even with Delta V constant, few differences
emerged, and those that did emerge involved small numbers of occupants.

Given the nonrandom nature of the Board's cases (cases to meet specific criteria)
and the relatively small number of cases represented in the report, further research is
clearly needed to determine whether windowshade-equipped beits, by their design, provide
erash protecticn of statistically sigrificant inferiority.

Rulemaking History of Windowshade-Equipped Belts.--Much of the debate over the
years regarding windowshade-equipped belts has focused on the tradeoff between the
rerceived need to encourage belt use through improved “comfort and convenience" and
the potential for associated loss in bell system effectiveness, depending on how
manufacturers chose to improve "comfort and convenience." As one GM of ficial
explained, "We had to Introduce a slight decrease in safety--to get more people to use the
belts. It is kind of a trade-off." 79/

As ecarly as 1970, the NHTSA considered amendments to FMVSS 208 to improve the
weomfor? and convenience" of seatbelts (35 FR 7187, May 17, 1970), but the first
rulemaking proposal that specifically addressed the issue came in December 1976, The
Advance Notice of Proposed Rulemaking discussed new seatbelt requirements "intended to
increase thelr rate of usage and effectiveness . ..." Vehicle-sensitive emergency locking
retractors (ELRs) were proposed for lap/shoulder beits. The ANPRM recognized that
these improve ments had opened the door to "potential loss of seatbelt effectiveness that
could result from the addition of comfort and convenience features" (41 FR 54961,
December 16, 1976).

American manufacturers addressed the need for comfort and convenience by adding
the "windowshade" device on ELR-equipped belts, In 1979, NHTSA issued rulemaking
calling for the elimination of slack in the shoulder portion of the three-point belt (44
FR 77215, December 31, 1979), but the proposal was not enacted. Instead, in 1981, a
"final" comfort and convenience rule was issued, permilting tension-relief devices such as
windowshades, but requiring that the eventual testing of these systems be conducted with
the shoulder belt at its maximum extension (46 FR 2064, January 8, 1981). This, of
course, would have effectively eliminated windowshade devices, since the belts could not
meet the crash injury protection criteria if they were tested when fully extended.

The effective date of the "final" rule was delayed several tiizes. Furthermore, in
early 1985, the NHTSA proposed that testing of windowshade bests be conducted, not with
the shoulder position set at its fully extended position, but with only "the maximum
amount of slack that is recommended...}a the owner's manual..." (50 FR 14580,
April 12, 1685). In comments to the docket, the Safety Board objected to this change in
the proposed testing procedure, noting that many owners and passengers of
nwindowshnde-equipped vehicles are not familiar with the proper adjustment of these
belts," and questioning whether many owners and passengers are likely to read and follow
the manusl's instructions. Morcover, the Board pointed out, "Research has shown that it
is possible inadvertently to introduce excessive slack...through normal movements

78/ Assistant Director of Automotive Safety Engineering, GM, interview with Cleveland

———

Plain Dealer, cited in "Impact,” Ceater for Auto Safety Newsletter, November-December
1986.
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involved in cperating a vehicle.” The Board urged that "Dynamic tests of belts equipped
with windowshade devices be performed with the windowshade adjusted for the maximum
slack permitted by the system.”

Later that year, however, the NHTSA announced its decision to require that the
dynamic testing to be eventually required of manual lap/shoulder belts be conducted (in
the case of windowshade-equipped belts) with only the amount of slack Yrecommended” by
the manufacturer, even if a great deal more slack was possible in the system (50 FR
46056, November 6, 1985).

Recent Court Rulings on Windowshade-Equipped Belts.--The advisability of allowing
windowshade-equipped lap/shouldar belts has emerged with renewed vigor as a topic of
contention, due to a recent court roling. The U.S. Distelet Court in Akron, Ohlo, ruled
that such a belt system is inherently defective and was responsible for the death of an
Ohio neurosurgeon who died of massive head and chest injuries after his 1979 Pontiac
Grand Am collided head-on with a tree at 36-40 mph, The court awarded $800,000 to the
widow on December 15, 1986, after testimony by some seatbelt experts that slack in the
lap/shoulder belt allowed the doctor's head injurtes to occur. GM denied that the
windowshade feature played a part in the doctor's death: "Our analysis of the accident
indicated that the comfort feature did not play any role in [the doctor's] death in this
extremely severe impact." A representstive from the American Seat Belt Council, a
trade association representing seatbeit maaufacturers, termed the case “a blatant misuse
of a comfort device mandated by the publie.” 80/

in carly 1987 in a Rhode Island Federal court, GM wor a casc involving the death of
a 39-year-old mar in 1984 that raised simiiar questions about windowshade-equipped
belts. The Wall Street Journal also reports that GM has seltled at least two other cases
involving allegations about windowshade devices. 81/

Nonatheless, the Ohio court decision has added fuel to an ongoing discussion over
the safety of windowshade-equipped belts. Some safety advocales argue thai the reason
for the windowshade design--to iry to make a lap/shoulder beit more comfortable so more
people will voluntarily wear the belt--has been superseded by the passage of State
mandatory-use laws.

As pointed out earlier, there is no doubt that State mandatory-use lews have
increased seatbelt use in the U.S. Purthermore, there is no evidence that measures
adopted to increase the "comfort and convenience" of belts lead to significantly increased
use; despite publicity campaigns 10 convince the public 1o wear seatbelts and the
availability of the more "eomfortavle" windowshade-equipped belts, little increase in
sealbelt use in the United States took place until the advent of State seatbelt-use laws.
in contrast, buyers of Europecan and Japanesc cars, which do not have windowrhade
features in their belts, have nol resisted wearing the belts. In the NHTSA's latest 19-city
survey of restraint use, drivers of imported vehicles were observed to have higher safety
beit usage rates than drivers of domestic vehicles (47.2 percent versus 29,2 percent).
(bifferences in the income and education levels between drivers of domestic and imported
vehicles are also a factor in their higher use rates.)

80/
81/

"Sealbell Verdict Costs General Motors $800,000," Fuel Line, March 1987.
Wall Street Journal, July 31, 1987,

Ar——
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CHILDREN AND LAP/SHOULDER BELT USE

Seatbelts were designed for adult use. Restraint use among child passengers
increased with the passage of child passenger protection laws in all 50 States and the
District of Columbia by 1985. The increase in restraint use was largely in terms of child
snfety seat or booster seat use since the laws typicaily applied only to children 4 years old
and younger; however, many laws did permit use of a seatbelt In lieu of a child restraint if
the child was older than 2 years. Resir=int usage among children has further increased as
States have passed mandsalory seatbelt use Jaws. Older children are now being restrained.
Hence, much of the recent increased use of chiid restraints has been in terms of Inereased
seatbelt use among chiidren past thie toddler stage, 82/ 83/

National estimatles of seatbelt use among child passengers are derived from the
NHTSA's 19-city survey of restraint use, which in 1986 included elght citfes in States with
mandatory scatbelt use laws in effect for the entire vear. Five additional cities in the
survey were covered by such laws during the second half of 1986. Of the subteens (aged
5-12) surveycd in 1986, 30.2 percent were restrained by seatbelts compared to 24.7
percent In 1985 and 14.7 percent in 1984. Of the teenagers (aged 13-19) surveyed In 1986,
19.1 percent were wearling seatbelts compared to 12,7 percent in 1985 and 7.2 percent in
1984,

Although most children ride in the back seat, children wearing seatbelts are usually
found in the front seat and almost all are seated In the right  outboard
pusition. 84/ Hence, the majority of seatbelts In use by children are lap/shoulder belits,

Parents who have a child who has "graduated” from a child safety seal or booster
seat may wonduer if lap/shoulder bells are effective and safe for children to wear. The
Safety Board's cases, along with the results of other studies (many conducted in foreign
countries where rear seat lap/shoulder beltls are routinely available) suggest they are.
Nevertheless, the Safety Board strongly recocmmends use of a child safety sest or booster
for as long as possible In preference to a seat belt. A restraint especially designed for a
child's body is always to be preferred over a seal belt which Is designed for an aduit's
body.

Safety Board investigators collected data on 36 lap/shoulder belted children
(aged 2-17) who were occupants of 28 case vehicles; half of the children were younger
than 15 years old. With cne excepticn, 85/ they were seated in the front seat and the
majority were in the right front seating position, {See appendix C for a description of the
age and injury cutcome for lap/shoulder-belted child passengers in the Safety Board's
investigation.)

The cases involving children were primarily frontal impacts and included a wide
range of crash severity; those involving young children tended to be less severe in terms
of Delta V than those involving teenagess. (Many of the teenagers were drivers.) A few of
the accidents involved rollover or side impact.

82/ NHTSA, "Restraint System Usage in the Traffle Population,” DOT HS 807 080, 1986
Annual Report.

83/ Belt use among toddlers (1-{ years) decreased between 1984 and 1986. In 1986, the
NHTSA observers found 5.9 percent of all toddlers surveyed to be restrained by seatbelts,
compared to 9.3. percent in 1985 and 7.4 percent in 1984, This decrease was a reflection
of a 20-percent increase in child safety seat use.

84/ The NHTSA "Restiraint System Usage in the Traffic Population,” op. cit.

85/ One child was seated in the rear restralned by a lap/shoulder belt. See case 26.




Data on the age, weight, height, restraint use, and restraint fit combined with
accildent reconstruction and determination of probable contact points causing the child's
injurles are rarely available in studies of child passengers. For instance, data for children
wearing lapbelts, lap/shoulder belts, and disgonal belts often appear combined under the
heading "children rcstrained by safety belts.” Information on belt fit or routing and crash
severity is almost always lacking. Although few In number, the Board's cases do provide
these cruclal data, In the cases investigated for this report, the Board found:

(1) No evidence that properly used l.p/shoulder belts presented
hazards to children. Specifically, the Board did not find that the
shoulder portion of the lap/shoulder belt caused dangerous injuries
to the neck or chest of children wearing a lap/shoulder belt
correctly. No matter what the seated height of the chlid (some
were only 3 years cld), the shoulder strap did not cause anything
worse than minor abrasions, provided the child was seated upright
and not reclined in a seat, 86/

Children In the Board's cases often wore the lap/shoulder belts
improperly--the shouldaer portion was misrouted or worn with
slack, belts were shared, and in one case, the lap/shoulder belt was
worn while the child was asleep in a reelined seat. (Thls particular
misuse led directly to his death,) 87/

Properly worn lap/shoulder belts provide superior crash protection without the
drawbacks of lapbelt use--such as causing head injury through the lapbelt's jackknife
effect in frortal crashes or lapbelt-induced abdominal or spinal injuries, as documented in
tne Safety Board's study in 1986 and in numerous other studies, A case from this study
dramatically illustrates the importarce of the upper torso rcstraint provided to a child
using 8 lap/shoulder belt.

In case 161, ihe lap/shoulder belted child pessenger was in a 1978 Buick Eslate
wagon that was struck center front by a 1963 Chevrolet van. In the Delta V 28.9-mph
crash, the Bulck sustained exiensive frontal damage and the front was deformed rearward.
The adult driver of the Duiek, restrained by a lap/shoulder belt, sustained moderate
injuries to her head. A 8-year-old boy, seated in the right front and properly restrained by
his lap/shoulder bell, received only minor injuries--lacerations and abrasions. In stro: g
contrast, a 5-1/2-year-old boy seated next to him, in the center position, restrained by a
lapbeit, received severe Injuries, including a fractured skull from contact with the
Instrument panel,

Not only does a lap/shoulder belt provide upper torso restraint to a child, it spreads
crash forces by contacting the occupant's body at theee points--the sternum (chest) and at
the right and left hips. The (ull force of restraint does not fall on the lower portion of
the body, the child's vulnerable abdomen, but is absorbed over a wider area, including the
shoulder and the chest. Tae diffusion of crash forces is probably to the child's advantage,
since the antecrior iliac crests, the hip anchor points needed for proper positioning of a
lapbelt, do not develop until around age 10.

86/ The Safety Board did, however, investigate cases of improperly used lap/shoulder
belts causing sertous injuries.

87/ For cases involving children and misused belts, sec cases 29, 111, 130, 131, 144A, 157,
191, 213, 214. See cases 130, 131, and 144A for slack. See case 216 for a fatal accident
Involving & reclined seal. This case was described in the chapler on misuse.




B

i’ s bl oft il e A A
gt AR P, T R BN R L P e ¥ S @

S R T R

-65-

Some researchers have suggested that children need more load distribution than
adults. (See appendix G.) I children do indeed require distribution of crash forces over
their bodies to avold serlous injuries, the Board's finding that many of the children in its
cases were restrained by misused lap/shoulder belts Is disturbing. Without the upper torso
restraint provided by & properly used lap/shoulder velt, crash forces will be concentrated
on the abdomen and the upper body will be free to flail in all directions.

Misuse

More children than adults in the Board's investigations were restrained by
improperly worn lap/shoulder belts, Approximately 1/3 of the child occupanis in the study
did not receive the full benefits of their lap/shoulder belts at the time of the crash
because of the way they were wearing their belts. Nine of the 36 child ccecupants were
grossly misusing thelr lap/shoulder belts: children shared a single belt, had the shoulder
portion misrouted, either behind the back or under the arm, or wore a lap/shoulder belt
withh the seatback reclined. Still others wore their lap/shoulder belts with slack in the
shoulder portion.

The injury consequences to the child depended on the mode of misuse and the
dynamies and severity of the particular e¢rash. Most, but not all, children were quite
fortunate in that the crash forces were so low, below 15 mph, thal the misuse made little
difference.

Relt Sharing.--The Safety Board investigated one cese {case 157) in which two 2-
year-old boys shared a iap/shoulder belt. The driver had placed both of them in the right
front bucket seat of the 1977 Plymouth Arrow, secured the lap portion of the three-point
belt srugly around both of them, and then routed the shoulder portiot: behind both of their
backs.

When the Plymouth impacted a 1985 Chevrolet 5-10 pickup, right front to left front
(Delta V 19.6 mph for the Plymouth), both children struck the instrurent pane), receiving
facial lacerations and abrasions. One received abdominal contusions from the lap portion
of the belt as well. Safety Board investigators partially atiributed the abdominal injuries
sustained by the inboard passenger to loading caused by the other boy sharing the belt.

The Board does not kinow how often such belt-sharing oceurs. Certalnly, whether it
is advisable to secure two children in one belt is a common question parents ask child
safety advocates. As recently as 1984, the NHTSA stated, "if an emergency situation
arises where there are more children than seat belts, two children can be secured within
one heit." 88/

The Safety Board does not agree. Mo child or adult should ever share a seatbelt, If
a child shares a belt with an adult, the child’s body is likely to be crushed as the larger
mass of the adult's body moves forward or sldeways in a frontal angle or side impact. If
the child shares a belt with another child, abdominal and head injuries that normally would
not have occurred can result.

Crash tests performed at UMTRI have denonstrated the hazards associated with
more than one child using the same seatbelt. 89/ The resuit can be a tremendous increase

88/ "Child Safely Seats for Your Automobile,” NHTSA, DOT HS 805 174, 1983, '

89/ Weber, K. and Melvin, J.W., "Injury Potential With Misused Child Restraining
Systems," SAE/NHTSA Child Restraint and Injury Conference Proceedings, San Diego,
October 17-18, 1983.
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in the injury severity to both occupants as they collide valently with one another. The
heads and shoulders of the children can stirike one another, and unusual loading of the
pelvis can occur as one child impacts another. Proper fit, a crucial requirement of a
lapbelt, which is what such a misrouted lap/shoulder belt becomes, is impossible; there is

no way the lap portion can be properly positioned over the nelvic girdle of two children if
they differ in size.

Shoulder Portion Behind Back.--The most common belt routing error--indeed the
most common form of misuse by children in the Board's study--was placement of the
shoulder harness behind the child's back. Such misuse essentially reduces the lap/shoulder
belt to a lapbelt. This form of misuse may well be more prevalent among children than
adults. Parents may route the shoulder strap behind child's back in an effort to "protect"
the child from the shoulder strap.

This misuse mode puts the child in a lap-only belt. A lap beit can cause serious
spinal, head, or abdominal injuries to a child, us discussed in the Board's lap belt report.
In the Safety Board's cases, no child occupants sustained more than minor injuries
attributable to this misrouting because most of these crashes were of low severity.

In only one crash did Deita V exceed 13 mph and thatl erash was quile severe--
Delta V 35.6 mph. In this case, the 15-year-old right front passenges restrained by &
misrouted belt did recelve serious and severe abdominal injuries from the lap portion of
the belt. Analysis of the seatbelt's performance is complicated, however, by the fact that
her seat came off the track (but the beit remained secured).

Sometimes, the accident configuration made the misuse irrelevant. In case 29, for
example, a 14-year-old girl had placed the shoulder portion of her belt behind her back,
just as the adult driver of the vehicle had done. As their 1979 Pontiac Bonneville waited
to make a left turn, they were rear-ended by a 1983 Chevrolet pickup truck. Safetly Board
investigators determined that the crash severity was a Delta V 28 mph for the Pontiac.
Al impset, both cccupants of the Pontiac accelerated back into thieir seats, and the
seatbacks collapsed rearward 40 degrees. The seat collapse absorbed most of the crash
force and rebound was minor. Both occupants received minor injuries only (cervical
strains). If, however, this crash had been a frontai jmpact of the same severiiy, the
consequences of misrouting the lap/shouider beit probably would have been quite marked.
Upper terso restraint would have been needed in a frontal crash of that severity,

Rven the frontal impacts were of low crash severity. In case 130, for example, the
frontal crash was so minor--Lelta V 10,5 mph--that the 3-year-old boy suffered few
consequences from misusing the seathelt. The 1982 Honda four-door station wagon In
which he was riding ran off the road and struck right front into the left front of a parked
1969 Chevrolet Impala two-door car. The boy was seated in the right outboard position
with the lapbelt portion of his three-point belt snug but the shoulder portion behind his
pack; his mother (the driver) had placed it there. His mother told Safety Board
investigators that the boy was thrown forward and down al impact, striking his face on his
legs. According lo his mother, he received a minor nose bleed only. No further injury
information is available. Once again, the child was fortunate that erash forces were so
low. The Safety Board has investigated car crashes with similar age children restrained
by lap-only belts, who, when involved in a more severe head-on crash, sustained much
more serious injuries when they struck their legs with their head.
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When questicned, this mother could give no reason why she had placed the shoulder
portion of the belt behind the child's back. Other parents who restrained their ehildren in

lap/shoulder belts in this fashion cifed fears that the shoulder strap was too close to the
child's face or neck.

Certainly, many safety advocates have advised parents to misroute the lap/shoulder
beits in this manner if the child is smsll. Por example:

If the child must sit in the front seat or if the outboard rear seats are
equipped with shoulder belts, the shoulder strap should be placed behind
the child unless you are certain that it will not make contaet with the
child’s neck or face (AAA, "A Guide to Child Car Safety Seats,” 1984,
#3400).

If the shoulder belt crosses the child's face or neck, the shoulder belt
should be placed behind the child's back after the buckle has been
fastened. Parents should check to make sure the child’s head will not hit
the dash in a crash or sudden stop. If this could happen, the child should

be placed in the rear seat {(NHTSA, "Child Safety Seats for Ycur
Automobile,” DOT HS 805174, 1983).

Do not use the shoulder belt if it falls across the neck. Instead use the
lapbelt only and fasten it snugly and as low as possible across e child's
hips. The safest place to use safely belts for youngsters is in the rear
seat of your car (NHTSA, "Child Safety In Your Automobile,” 1987). 30/

If an attached shoulder strap crosses the child's face or neck, place the
shoulder belt behind the child's back, not under the arm, after the belt
has been buckled (The University of North Carolina, Highway Safely
Research Center, "it's Your Child's Life---But It's Your Decision,"
CTP 197-A).

The Safety Board does not agree for the reasons listed below.

First, as demonstrated in a variety of studies fromy Furope and Australia, where
lap/shoulder belts are more commeonly used by children, there is little evidence that smail

children {or short adults) are likely to be harmed by the shoulder portion of a lap/shoulder
belt. 91/ 92/ 93/

90/ The NHTSA also distributes a handout on child prssenger protection compiled by the
American Acsdemy of Pediatrics, which clearly states, "A shoulder belt that crosses the
child's face and/or neck should be tucked behind the child's back.," ("Protecting Your
Chitd's Health,” DOT HS 807 179, September 1987.)

91/ Lowne, R., et al.,, "The Effect of the UK Seat Belt 1.egislation on Restrain! Use by
Children," in Advances in Belt Restraint Systems: Design, Performance and Usage,
Detroit (1984).

92/ Dejeammes, M., el al. "Exploration of Biomechanical Data Towards a Better
Bvaluation of Tolerance for Children Involved in Automotive Accidents” (SAE 840530}, in
Advances in Belt Restraint Systems: Design, “erformance and Usage, (Detroit 1984).

93/ Norin, H. and Andersson, B., "The Adulc Bell--A Hazard to the Child" Proceedings,

6th International Association for Autormnotive and Traffiec Medicine Conference,
Melbourne, 1977.




Sev.ond, misrouting the shoulder strap behind the back reduces the belt to a lap-only
belt, which provides inferior erash protection compared to a lap/shoulder belt. A child in
the front scat restrained In this manner can make violent contact with frontal and side
interior components. (The Safety Board investigated cases involving Z-year-olds who
struck the dashboard while lapbeited.) In addition, children have larger heads than adulls
do in proportion to the rest of their bodies; this makes them "top heavy" and more apt to
jackknife than an adult. 94/ During a jackknife, the head gains momentum and strikes the
dashbozrd or seat with increased force.

Third, rerouting the shoulder portion behind the back introduces the possibility of
other serlous lapbelt-induced injuries (intra-abdominal, spinal, ete.) as were documented
in the Board's lapbelt study.

A lap/shoulder belt should be used correctly, just as a child safety seat must be used
correctly to receive the full crash protection. 95/ Indeed, most of the children in
misrouted belts should have been in properly used child restraints, and not in seatbeits at
all. For example, in the Safety Board's cases, most of the children with the shoulder strap
routed behind the back were younger than 4 years of age. These children belonged in child
safety seats or toddler seats. (See figures 30 and 31.) Some researchers in the United
States have suggested that children's bodies need specially designed restraint systems, not
adult belt systems, up to age 10. 96/ 97/

Ways to Improve Shoulder Harness Fit

If parents are concerned sbout lap/shoulder belt fit for the child, they may be able
to move the seat on its track to try to position the shoulder strap correctly. In some
models of cars, primarily imports, the angle of the shoulder strap can also be adjusted at
the roof line so that the bLelt can cross closer to the sternum. The child may also be
placed in a booster seat 1o ensure correct positioning of the shoulder portion of the three-
point beit.

94/ Herbert, D.C., and Cutting, D, "Crash Protection for Children After Their Third
Birthday," Traffic Accident Research Unit, New South Wales, July 1978.

95/ The Safety Beard has issued recommendations to States to collect data on the
Tncidence of child restraint misuse in traffic accidents and to initiate programs. To
educate parents about the need for proper use and installation of child restraints, some
States have fulfilled the Board's requests; others are considering action. More gratifying
has been the child safely seat industry response o the Board's recommendation that child
safety seals be clearly iabeied as to how the seatbeil should be routed through the
restraint. For a listing of the Safety Board's recommendations regarding child restraints,
see appendix A, See also Safety Study--'"Child Passenger Safety Symposium: Ways to
Inerease Use and Deerease Misuse of Child Restraints," September 4, 1985.
(NTSB/SS-85/03). Available through the National Technical Information Service,
Springfield, Virginia 22161.

96/ Agran, P.; Dunkle, D.; and Wiun, D., "injuries to a Sample of Seat-Belted Children
Evaluated and ‘Treated in a Hospi* ’ Emergency Room," in press, Journal of Trauma.

97/ Burdi, A.R., and Huelke, D.F., "Infants and Children in the Aduit World of Automobile
Safety Design: Pediatric and Anatomical Censiderations for Design of Child Restraints,"
American Sociely of Mechanical Engineers Third Biomechanical and Human Factors
Division Conference, University of Michigan, June 12-13, 1969.
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Adjustable Upper Anchorages.--Britain has a solution to the problem of poor
shoulder harness fit for both children and adults. When that country passed a mandalory
seatbelt-use law effective January 31, 1983, short people, particularly sinall females,
complained of the uncomfortable position and seatbelt tension of the shoulder portion of
their lap/shoulder belts in certain cars. Indeed, certain models of cars manufactured in
the mid and late 70s, particularly thuse with the upper mounting points located in the roof
rather than on the B-pillar, posed difficuities to good beit fit. The solution was:

. . to produce an accessory deop link which towers the effective position
of the upper mounting point to lake the lie of the diagonal section away
from the neck and down onto the clavicte. The requirements have been
changed for new nars to allow adjustable upper anchorages to be built
into the car, and these are appearing in some 1984/8% model year
vehicles, 98/

Currently, a large number of new model vehicles sold in Britain have adjustable
upper mounting points, but this is not a legislative requirement. Most new vehicles in
Britain have at least one ¢f the lower anchorages mounted on the seat.

GM currently provides adjustable upper anchorages in its 1988 four-door Pontiac
LeMans, and Chrysler as well as others plan to offer this feature in the future. Fords
marketed in Burope, but not in the United States, have adjustable upper anchors. (Many
countries, Austria for example, require adjustable vpper anchors)) In contrast, many
foreign manufacturers have routinely offered adjustable upper anchorages. For example,
all madels except two marketed by Mercedes Benz have adjustable anchorages. Saab, in
its 9000 Series, and Volvo, in all its models, plan to provide such anchorages in the future;
in the meantime, Volvo offers dealer-installed adjustable anchors for certain models.
BMW also offers & dealer-assisted adjustment featuce and a feature that automatically
adjusts the shoulder harness according to seat track location.

However, the absence of such adjusteble upper anchorages in most American cars
has meant parents continue to be concerned about the placement of the shouider portion
of a three-point belt relative to the child's face or neck; such concern can lead them to
misroute the belt. Short adults also share the fear of neck injury from an ill-fitting
shoulder harness and also may be tempted to misroute the belt. Such misrouting not only
degrades the crash protection a lap/shoulder belt can offer, it introduces the possibility of
belt-induced injuries whevre there need be none.

The Safety Board believes that lap/shoulder belts in passenger vehicles should
provide the occupants with the opportunity to adjust the shoulder strap to an angle
compatible with their body size. The NHTSA should work with manufacturers to explore
the possibility of providing adjustable upper anchorages for lep/shoulder belts in new cars.

93 Mackay, op. cit.




¥igure 30.--A child this small belongs in a ehild restraint, not
an adult sestbelt. Note the poor fit of the lap portion of the lap/shoulder
belt even when the belt is worn properly routed.
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Figure 31.-~These photos portray only a small measure of the
"squirming" such a small child can do.
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PREGNANT WOMEN AND LAP/SHOULDER BELT USE

A pregnant woman traveling by automobile may wonder if she and her unborn child
are better or worse off If she is restrained by a seatbelt. Motor vehicle travel for a
pregnant woman presents a special set of problems, such as belt fit, distance from the
steering wheel, ete., especially In cases of advanced pregnancy. Meternal death has been
identified by some researchers as the leading cause of fetal death in motor vehicle
crashes. 99/ 100/ In addition, researchers have reported several cases of minor maternal
injurles ln\;olvlng blunt trauma, which resulted in severe trauma to the developing fetus.
101/ - 104

If the seatbelt in question is a lap/ghoulder belt, the Safety Board's cases indicate
that the expectant mother should buckle up. Unlike & lapbelt, which places great pressure
on the placenta and uterus and can rupture \he uterus, 105/ 106/ especially if positioned
incorrectly, a lap/shoulder belt spreads the load over a wide portion of the pregnant
woman's body, providing restraint without concentrating pressure on the vulnerable
abdominal area. The mother-to-be thus is provided with proteetion superior to a lapbelt
or a diagonal two-point belt, both of which have been cited in studies as causing seatbelt-
induced injurles to the uterus, placents, and fetus. 107/ Sled tests using pregnant baboons
restralned by various types of belts suggest that lap/shoulder belts provide improved
protection to the placental, uterine, and fetal structures compared to a lap belt because
crash forces are more diffused. 108/ 109/

Description of Cases

The Safety Board investigated six accidents involving pregnant women wearing
lap/shoulder belts. (See appendix D.) All but one of the women were far along in their
pregnancies, in the second or third trimester; three were 7 or more months pregnant.

99/ Crosby, W.; King, AL, and Stout, L.C., "Petal Surviva! Following Impact: Improved
Protection with Shoulder Harness Restraint," American Journal of Obstetrics and
Gynecology: 1101-1106, 1972,

100/ Rothenberger, D.; Quattlebaum, F.W.; Perry, J.P.; Zabel, J.; and Fischer, R.P.,
"Blunt Maternal Trauma: A Review of 103 Cases,"” The Journal of Trauma, 18: 173-179,
1978.

101/ Cumming, D.C. and Wren, F.D., "Fetal Skull Fracture from an Apparently Trivial
Wotor Vehicle Accident,” American Journal of Obstetrics and Gynecology, 132:342-343,
1978.

102/ Ravengard, P. and Porter, C. V,, "Traumatic Laceration of the Placenta,” West
Virginia Medical Journal, 761 125-129, 1980,

103/ Stuart, G.C.E.} Harding, P.Q.R.; and Davies, E.M,, "Blunt Abdominal Trauma in
Pregnancy," CMA Journal, 122: 901-905, 1980.

104/ Agran, Dunkie, Winn, and Kent, "Petal Death in Motor Vehicle Accidents," in press,
Annals of Emergency Medicine.

105/ Williams, J. S., "The Nature of Seat Be't Injurles," 14th Stapp Car Crash
Conference, 1970, Paper No. 700896.

106/ Synder, R.G.; Crosby, W.; Snow, C.C.; Young, A.M.; and Hanson, P., "Seat Hell
Injuries in Impact," Highway Safety Research Institute, University of Michigan, 1967.

107/ Synder et al., op.cit.

108/ Ibid.

109/ Crosby, W. and Costiloe, J.P., "Safetly of Lap-belt Restraint for Pregnant Victims
of Automobile Collisions," New Engiand Journal of Medicine, 284: 532-636, 1971
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All of the women had their lap/shoulder belts properly routed, l.e., the shoulder
portion of the belt was not behind her back or arm, and the lapbelt portion was snug and
positioned below the abdomen, and in all but one case (crse 48), the shoulder portion also
was snug. (See figure 32 for an illustraticn of the correct way for a pregnant woman to
position a lap/shoulder belt. It is important that the lap portion of the belt be placed
under, not over, the belly.)

In most cases, 110/ both mother and fetus survived the crash, and the echild
subsequently was carried to full term &and dellvered successfully. Safety Board
investigators also contacted the parents more than a year after delivery and found that no
child had been diagnosed as impaired due to crash trauma sustained before birth.

Overall, expectant mothers fared well in the crashes investigated. In all but one of
the six cases, the Safety Board investigators determined that the pregnant woman
benefited from use of the lap/shoulder belt; in the one exception (case 137), the dynamics
of the accident were such that the beit was able to provide little or no benefit. Since this
was the only case in which the fetus was killed during the crash, a discussion of this
accident follows.

A lap/shoulder belt, like any other restraint system, provides little or no protection
if the user's seating area is penetrated. Case 137 was such an example. In this accident,
a Toyota Celica, driven by a woman 8 months pregnant, pulled out into the path of a Ford
pickup truck; the piekup struck the Toyota at the driver's door and penetrated 24 inches
into the pregnant driver’s seating area. She had been wearing her lap/shoulder belt
correctly, and she survived but sustained critical injuries, including lacerated spleen and
liver, fractured pelvis, and a ruptured uterus; many of the injuries were caused by the side
intrusion. The fetus died from a crushed skull,

Some readers may be tempted to view this accident as a good example of the
dangers of being held in place by a seatbelt when struck by a penetrating vehiele. It is
not. This pregnant woman would not have been safer if she had been unrestrained. (See
figure 33, which illustrates the amount of crush at her seating position.} In cases of
severe maternal trauma, fetal death would not be unexpected. Considering the impact
location, impact severity (Delta V 27.6 mph), and amount of intrusion, the pregnant driver
probably would nave sustained injuries of similar severity if unrestrained. In the case just
discussed, if the pregnant woman had been unrestrained, she would still have been flung
violently to the left, striking the penetreied interlor with her whole body. In these
circumstances, Safety Board investigators believe her unborn child still could have been
killed.

Driver's Position Presents Risks for Pregnant Women

All of the pregnant women studied were the drivers of the vehi:'.s. In several of
the Safety Board's cases, the pregnant driver was accompanied by an adult passenger in
the front seat, and in almost all cases, the passenger was less seriously injured than the
driver. (All but one of the cases were frontal crashes in which both front seat occupants
experienced similar erash forces.)

110/ In case 137 and case 147, the woman survived the crash, but the fetus did not. In
case 147, the fetus in all probabilitly had died before the crash, and the mother was
carrying a dead child.




Proper use of a safety belt: the lapbeit under the body and tight
over the upper thighs; the shoulder belt over the shoulder and
across the center of the chest (NEVER slip under the axm).

Figure 32.-The correct way to wear & lap/shoulder belt when pregnant. (Drawing courtesy
of the American College of Obstetricians and Gynecologists.)
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Figure 33.--Exterior views of the 1276 Toyote Celica in which the lap/shoulder-belted
driver of the car, an 8-month pregnant woman, survived, but the fetus did not. Safety
Board investigators determined that the vieient side impact (Delta V 27.6 mph) at the
driver's position and subsequent crushing of the area negated the protection offered by the
lap/shoulder belt.
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The driver's environment, specifically the steering wheel, poses aduitional problems
for a pregnant woman, Occupant contact with the steering system has bee identified by
some researchers as the source of 1/4 of all harm to all car occupants in all erash modes;
in a frontal crash, the involvement of the steeving wheel 43 a source of injury is even
higher. 111/ The pregnant driver is at speclal risk: as the size of her abdomen increases,
she comes closer 1o the steering wheel, and there sre practical limits to how far back she
can move her seat and still have her feet reach the brake and gas pedals.

The driver's seating position thus has a bulit-in disadvantage in terms of both the
expectant mother's and the fetus's safety, A researcher at the Pediatrics Department of
the University of California at Irvine goes so far as to call the driver's seating position the
"uterine crusher" position for an unrestrained pregnant woman:

The pregnant woman in the vehicle, especially behind the steering wheel,
is analogous to the on-lap position of the child, L.e., the "child crusher"
position, resulting in the child being crushed between the adult and the
dashboard. However, in these cases, the fetus is rarely injured, but
rather the placenta sustains injury from maternal impact with the
steering wheel, i.e., the " utarine crusher" position. 112/

Lap/shoulder belt us: coes not eliminate contact with the steering wheel, and crash
forces obviously will determine just how dangerous the driver's seating position is for the
pregnant driver. In case 127, for example, a driver in the eighth month of her pregnancy,
wearing a lap/shoulder belt, spun out of control on an icy road and struck a bridge rail
head-on. The crash wes minor (Delta V 9.6 mph), and the only part of her body that
contacted the intericr of the vehicle was her abdomen, which struck the steering wheel.
The driver complained of stomach pain following the crash but sustained no injuries and
delivered a healthy child at full term, If this crash had been more severe, the fetus or
placenta could have been injured by the steering wheel contact.

Stage of pregnancy also will affect the outcome. If the driver in case 147 had been
more acdvanced in her pregnancy, the steering wheel could have caused more harm in the
Delta V 32-mph head-on crash, She was only 12-13 weeks pregnant, hardly enough to
enlarge her abdomen., As it was, investigators found the steering wheel of her car had
been bent forward by body contact with 6 inches of deformation at the 6 o'clock position.
The driver had been restrained by a lap/shoulder belt.

If the driver has introduced slack into the shoulder portion of the belt, the risk of
injury is increased. Such was the case in case §8. The pregnant driver had introduced
slack into the upper portion of her windowshade-equipped lap/shoulder belt and was
bending down to the right to pick up something from the floor when she lost control of the
car. Luckily, ner position when the crash occurred was away from the steering column.
In this head-on Delta V 25-mph accident, she was thrown forward toward the right side of
the steering wheel and center dashboard. The driver complained of abdominal pain, but
was uninjured and carried the child to full term.

111/ Wilson, R. A., "Improved Crashworthiness Independent of Belts or Airbags,” Tenth
International Technical Conference on Experimental Safety Vehicles, 1985.
112/ Agran et al, op. cit.
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Unrestrained Drivers or Lapbelted Drivers at
Increased Risk from Contact with Steering System

Clearly, pregnant drivers who are unrestrained or restrained by a lapbelt only are at
even greater risk of Injury from contact with the steering wheel. Unlike
lap/shoulder-belted socupants, their upper torsos are not restrained. For a iapbelted
driver In a frontal crash, the jackknifing over the lapbelt that oceurs would bring a
pregnant driver into even more violent contact with the steering system.

A study of all fetal deaths secondary to maternal involvement in motor vehicle
accidents that occurred in Orange County during 1982-1985 suggests that unrestrained
pregnant drivers are at considerable risk in a (rontal crash. 113/ Nine fetal deaths
connected with a passenger car crash were reported to the county coroner's office durinv¢
that period. All of the pregnant women had been the drivers of the vehicles and all had
been unbelted. The study found ". .. the mechanism of injury generally was impact with
the steering wheel. In spproximately 50 percent of the cases, other injuries to the vietim,
excluding injuries related to the pregnancy, were minor.,”"” Plucental abruption was present
in almost all of the Orange County cases.

Summary

In conclusion, in the cases investigated, the Safety Board found that lap/shoulder
belt use improved the injury outcome for the pregnant occupants. Many of the pregnant
women in the Safety Board's cases were in moderate to severe crashes, yel sustained
minor injuries only. The erash outcome for the unborn children thus was also improved.

Nonetneless, vegardless of restraint use/nonuse or type of restraint, many doctors
caution that. as expressed by cne doctor:

Pregnant women involved in a motor vehicle crash shoulcd be closely
monitored by medical personnel both immediately following the crash
and throughout the remaining months of her pregnancy an: subsequent
delivery to ascertain whether the fetus was injured during the crash.
The risks associated with pregnancy and the altered physiologie and
anatomie conditions which occur during pregrancy must be considered by
paramedics, emergency room physicians, obstetriclans, trauma surgeons
aid neonatalogists. 114/

The Safety Board agrees with this cautious approach.

A pregnant woman should wear a lap/shoulder belt every time the vehicle is in
motion. It is the best thing she can do to protect herself and her unborn child; both wiil
benefit from the superlor crash protection offered by the three-point belt. Indeed, the
lap/shoulder-belted mother functions as the "child safety seat” for the unborn chiid.

bid.

id.
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Because of the speclal importance of upper torso restraint for pregnant occupants,
the Safety Board emphasizes that a mother-to-be should never defeat the protection
offered by her lap/shoulder belt by routing the shoulder harness behind her arm or back.
In addition, pregnant women should be especially alert not to introduce slack into their
three-point restraint system. The shoulder portion of the lap/shoulder beit should be as
snug as possible across the chest, and the lap portion should be as snug and low as possible.
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CONCLUSIONS

Highway fatalities account for more than 90 percent of all transportation-related
deaths in the United States. More than 2/3 of the highway vietims were occupants
of passenger cars. Last year more than 24,000 passenger car occupanis were killed
and more than 2.5 milllon were injured.

Increasing the level of occupant prolection in passenger cars is one of the most
important steps this country can take to lower the number of transportation
casualties. Since the vehicle always has a driver but other seating positions are not
always occupied, drivers constitute the largest group of uecupants killed or injured in
crashes. Countermeasures aimed at protecting the front seat occupants--particularly
the driver and right front passenger--have the greatest potential safety payoff.

One way to increase the level of occupant protection for the driver and right
front passenger is for these occupants to wear the lap/shoulder belt {(three-point bell
svstem) available at their seating positions. Since January I, 1968, the Federal
Government has required that all cars newly manufactured for sale in the United States
have 'ap/shoulder belts installed for the two front outboard seating positions (32 ¥R 2408,
February 3, 1967). Indeed, this requirement was one of the first standards promulgated
by the National Highway Safety Bureau, the predecessor of the NHTSA, when it was
created in 1966 as part of the U.S. Department of Transportation. 115/ Before this,
sofe car manufacturers had offered lap/shoulder belts as an option, but most provided
oniy lapbeits for occupants.

Today, manual lap/shoulder belts are standard equipment for the driver and right
front passenger in most cars sold in the United States 116/; some cars are equipped with
automatic two- or three-point belts or other passive restraints. In addition, lap/shoulder
belts for the rear seat occupants are now starting to be offered in domestically made
cars; many imports have had them as stendard equipment for years.

Public awareness of the need to be restrained in an automnbile increased
dramatically in the 1980s and, combined with the passage of mandatory seatbelt-use laws
in many States, have resulted in increased seatbel!t use in the United States. More drivers
wear their lap/shoulder belts than ever before. (Sece figure 34.)

To the Safety Board's knowledge, the NHTSA 19-city survey of occupant restraints
fs the only source of historical restraint-use data from which to extrapolale national
belt-use trends. In 1983, 8 of the 19 cities were in States with mandatory seatbelt-use
laws. Figure 34, based on the NHTSA's 19-city survey, shows how use rates were stagnant
until the passage of belt-use laws. Nationwide, the actual percentage of drivers who wear
their lap/shoulder belts is still unknown.

115/ Type 2 lap/shoulder belt assemblies were required to be instalied at "each outboard
passenger car seat position that includes the windshield header within the head impact
area." (Docket No. 3, Notice I, 31 FR 15212, 15220, December 3, 1966.) Other positions
could meel reguirements by a lap-only belt. MVSS 208 later was retitled FMVSS 208,
"Occupant Crash Protection."

116/ Convertibles have traditionally been exempy; in these vehicles, lapbells are all that
are required.
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Rigure 34.--Estimated percentages of drivers
who are restrained, based on the NHTSA's 19-city survey.

Lap/shoulder belts clearly offer occupants of motor vehicles substantial protection
in a wide variety of crashes. In the Safety Board's cases, which were all tow-away
crashes, 80 percent of the 214 front seat occupants wearing properly routed lap/shoulder
belts sustained only minor or moderate injuries or no injuries at ail; 34 percent of these
orashes exceeded Deltz V 20 mph. In the Safety Board's cases, the injury-reducing
efiectiveness of lap/shoulder belt use during rollover accldents was particularly striking:
in overturns of more than 360 degrees, many lap/shoulder-belted occupants sustained
minor injuries only.

Purthermore, properly worn lap/shoulder belts provided crash protection without the
introduction of serlous or fatal beit-induced Injuries of the type seen in the Safetly Board's
lapbelt study--that is, injurles induced by a properly worn belt that were more serious
than the injuries to be expected if the occupant had been untestrained at the time of the
crash. This further supports the Safely Board's previous recommendations that
lap/shoulder belts replace lap belts in the rear seats of passenger cars.

The Safetly Board supporis the passage of State mandatory lap/shoulder belt-use
laws. Thirly-one States and the District of Columblia have enacted mandatory
seatbelt-use laws. Lives have been saved as a direct result of this legislation, since use
rates have increased substantially in several States with laws. This increase in bell use
has had a corresponding beaeficial effect on highway casualties.
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To evaluate the Impaet of the laws, rescarchers at the Highway Safety Research
Center at the University of North Carolina examined statistics in the 24 States and the
District of Columbla which have had mandatory seatbelt-use laws in effect for more thsn
a full year. 117/ They found that these States, as a group, 118/ had 6.6 percent fewer
fatalities and 10 percent fewer serious injuries among front seat occupants than
researchers thought they would have had without such laws. 119/ This, according to the
North Carolina researchers, translated Into a saving of 1,300 lives and 100,000 fewer
serious injurles spread over the 25 jurisdictions since 1984. Qreater gains could be
realized, the researchers suggested, if enforcement o¢f the laws were "tougher" and
belt-use rates thus increased. The researchers slso estimated that if g!l 0 States had had
laws during the same perlod requiring motorists to buckle up, approximately 500
additional lives would have been saved.

Analysis conducted by the NHTSA estimated that, during 1985, mandatory
seatbelt-use laws saved moce than 250 motor vehicle occupants from crash-related
deaths. 120/ (Eight States were used for this evaluation.) The DOT estimates some
1,500 lives have been saved by seatbelt-use laws since 1984 and 20,000 moderate to
eritical injuries avoided. 121/

As a result of this study, the Board made the follow'ng conclusions:

1. Properly used lap/shoulder belts can reduce the level of serious injuries or
chance of death in a wide range of motor vehicle crash types and eresh
severities.

A properly used lap/shoulder belt provides good protection to botk the
pregnant woman and her unborn child and should be preferred over use of a
lap-only belt. The lap/shoulder belt diffuses crash forces over a larger area of
the mother's body and minimizes the possibility of placental or fetal injury.

The shoulder portion of a properly worn three-point belt, in the Safety Board's
cases, was not a common source of serious injuries. Neck injuries, fractured
ribs, sternum, or clavicte were rarely the most severe injury sustained by a
lap/shoulder belted occupant. In the cases investigated, the Safety Board
found that the shoulder portion of & lap/shoulder bell induced minor injuries to
a child at worst, provided the child was not reclined in the seat.

117/ Campbell, B.J.; Stewart, J.R.; snd Campbell, F.A., "1985-1986 Experience with
Belt Use Laws in the United States, Highway Safety Research Center, University of
North Carolina, under grant provided by Traffic Safety Now, September 1987,

118/ Use rates and the laws' success in reducing traffic fatalities varled widely among
the 24 States examined, with traffic deaths actually Increasing in three States (North
Carolina, Missourl, and Nebraska) over forecasts. Limited enforcement was partially to
blame in the North Carolina researchers' view.

119/ Between 1985 and 1986, traffic deaths increased in all States, but the increase was
smaller in States with seatbelt-use laws: 2.4 percent compared to 8.4 percent in States
without laws.

120/ Partyka, S., "Mandatory Belt Use Law Effects in 1985," Research Notes, National
Center for Statisties and Analysis, NHTSA, February 1987.

121/ Burnley, J., U.S. Secretary of DOT, guest editorial in USA Today, December 1987.
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The most common form of lap/shoulder belt misuse in the United States
appears to be slack In the shoulder portion. Drivers aged 50 and older and
female occupants have a higher incldence of this misuse, according to the
Ny NHTSA 19-city survey of restraint use.

- < Ty
TR T iy

The Safety Board's cases and a survey of Maryland drivers by the IIHS suggest

that comfort clips are rarely used to introduce slack and that windowshade-

equipped lag/shoulder belts are more frequently worn with slack than are belt

. systems without windowshade-equipped belts. Since most imported cars do

o not have windowshade systems, occupants of domestic cars are mowve likely to
have slack in their belt systems than are occupants of imported cars.

6. The NHTSA crash test data suggest that the possibility for increasing slack in
a windowshade-equipped lap/shoulder belt increases the chance of serious or

S fatal head injuries. Although the Safety Board's cases include examples of
g increased Injuries due to the slack In a windowshade-equipped belt system, the
E . cases as a whole do not demonstrate that occupants of windowshade-equipped
/ cars are injured 1nore oiten or more seriously than occupants of

nonwindowshade-equipped cars.

|4 7.  Improper routing of the shoulder portion of the lap/shoulder belt seems 10 be a
/1 less common error than introduction of slack, but may be a more harmful error
;3 tinder some circumstances. Placing the shoulder portion of the lap/shoulder
b belt under the arm can have fatal consequences.

8. Teenage drivers and child passengers had the highest incidence of misrouted
belts in the Safety Board's study. The most common error was placement of
the shoulder portion of the belt behind the back. Such misuse has the potential
for serious belt-induced injuries, and seriously degrades the protective
capabilities of the lap/shoulder-belt, reducing it to a lap-only belt with

inferior crash protection.

Traveling with the seatback reclined diminishes the protection offered by a
lap/shoulder belt and is potentially dangerous. The fatal injuries sustained by
one lap/shoulder beited child in the study were due to this misuse.

The head and skull (excluding the face), followed by the upper torso, were the
most common locations of the most severe injury sustained by lap/shoulde-
beited front seat occupants; the abdomen was a distant third.

Lap/shoulder-belted drivers had a higher incidence of head or facial injuries,
of moderate or worse severily, than similarly restrained right front passengers
in the study.

Lap/shoulder-belted right front passengers more often fractured their ribs,
clavicles, or sternums in crashes than did similarly restrained drivers. Such
injuries, however, were rare and occurred less frequently than head injuries.

In the few cases (27 of 214) in which intrusion caused the most severe injury
sustained by a lap/shoulder-belted occupant, the injury generally was quile
severe and associated with fatal outcome. Six lap/shoulder-belted occupants
died because of intrusion at their seating positions. Restraint can offer little
protection in such eircumstances.
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RECOMMENDATIONS

As a result of this Safety Study, the National Transportation Safety Board made the
following recammendations to the National Highway Traffic Safety Administration:

Revise publications on child passenger protection to climinate the
suggestion that parents, concerned about the relationship of the shoulder
harness to the child's body, misroute the child’s lap/shoulder belt, or that
parents allow children to share a seatbell. (Class I, Priority Action)
(H-88-7)

Amend Federal Motor Vehicle Safety Standard 208 to require that
windowshade-equipped lap/shoutder belts either be tested with the
maximum amount of slack that can be introduced or that they be
equipped with a pretensioner as part of the belt system to ensure, during
a crash, the elimination of any slack introduced iInto the system prior to
the acecident. {Class II, Priority Action) (H-88-8)

Limit the angle of inclinstion allowable in reclining seats in passenger
vehicles to no greater than the maximum angle that can safely be used
with a lap/shoulder belt. (Class i, Priority Action) (H-88-9)

Eveluate the possibility of requiring an adjustable upper anchorage point

for the shoulder portion of lap/shoulder belts in newly manufactured
motor vehicles. (Class 1, Priority Action) (H-88-10)

BY ‘fHE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ JiM BURNETT
Chairman

/s/ JAMES L. KOLSTAD
Viee Chairman

/s/ JOHN K. LAUBER
Member

JOSEPH T. NALL
Member

March 1, 1988
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SAFPETY BOARD RECOMMENDATIONS
REGARDING OCCUPANT RESTRAINTS

RECOMMENDATION: H-86-38
DATE OF IGSUR: August 8, 1986

The NTSB recommends that U.S. Manufacturers of Pessenger Vehicles: Provide after
market retrofit assemblies for passenger vehicles to convert Lap-Only belts systems at
outboard positions to integrated, continuous loop, self-storing lap/shoulder belt system;
make the availability of those retrofit systems widely known to vehicle owners and
instal’ation of them as simple and inexpensive as possible.

RECOMMENDATION: 1i-86-39
DATE O¥ ISSUE: August 8, 1986

The NTSB recommends that U.S. Manufacturers of Passenger Vehicles: Provide, on a
voluntary basis, the newly manufactured passenger vehicles, integrated, continuous loop,
self-storing lap/shoulder belts in all non-front outboard seating positions.

RECOMMENDATION: H-86-40
DATE OF ISSUE: August 8, 1986

The NTSB recommends that U.S. Manufacturers of Passenger Vehicles: Cooperate with
the National Highway Traffic Safety Administration in de*ermining the technical
feasibility of providing lap/shoulder belts at non-outboard seating positions of passenger
vehicles, and work toward providing such systems in newly manufactured vehicles at the
earliest practicable time.

RECOMMENDATION: H-86-41
DATE OF ISSUR: August 8, 1986

The NTSB recommends that Foreign Manufacturers of Passenger Vehicles: For any
passenger vehicles with lap-only belts at outboard positions, provide aftermarket retrofit
assemblies to convert these belts to integrated, continuous loop, self-storing lap/shoulder
beit systems; make the availability of these 1etrofit systems widely known to U.S. vehiele
owners and instailation of them as simple and inexpensive as possible.
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RECOMMENDATION: H-86-42
DATE OF ISSUR: August 8, 1986

The NTSB recommends that Foreign Manufacturers of Passenger Vehicles: Provide, on a
voluntary basls, in newly manufactured passenger vehicles that do not already have them,
integrated, continuous loop, seif-storing lap/shoulder belts in all non-front outboard
seating positions.

RECOMMENDATION: 1-86-43
DATE OF ISSUE: August 8, 1986

The NTSB recommends that Foreign Manufacturers of Passenger Vehicles: Cooperate
with the National Highway Traffic Safety Administration in determining the technical
feasibility of providing lap/shoulder belts at non-outboard seating positions of passenger
vehicles, and work towsrd providing such systems at the earliest practicable time in newly
manufactured vehicles sold in the United States.

RECOMMENDATION: H-86-44
DATR OF ISSUE: August 8, 1986

The NTSB recommends that the National Highway Traffic Safety Administration:
Encourage manufacturers of passenger vehicles to provide aftermarket retrofit assemblies
to convert lap-only belt systems at outboard positions to integrated, continuous loop, self-
storing lap/shoulder belt system; urge manufacturers to make the availability of these
retrofit systems widely known to vehicle owners and installation of them as simple and
inexpensive as possible.

RECOMMENDATION: 1{-86-45
DATR OF ISSUE: August 8, 1986

The NTSB recommends that the National Highway Traffic Safety Administration: Require
that lap/shoulder belt be installed at all outboard seating positions in newly manufactured
passenger vehicles manufactured for sale in the United States; initiate rulemaking action
to this end immediately.

RECOMMENDATION: H-86-46
DATE OF ISSUE: August 8, 1986

The NTSB recommends that the National Highway Traffic Safety Administration: Until
such time as they are required to do so, encourage manufacturers of pessenger vehicles to
provide, on a voluntary basis in newly manufactured vehicles, integraled, continuous loop,
self-storing lap/shoulder belts in all non-front outboard seating positions.
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RECOMMENDATION: H-86-47
DATE OF ISSUE: August 8, 1986

The NTSB recommends that the National Highway Traffie Safety Administration:
Determine the feasibility of requiring that 3-point lap/shoulder belts be provided at every
seating position in newly manufactured passenger vehicles manufsctured for sale in the
United States; if found technically feasible, undertake rulemaking to require such
Jap/shoulder belts.

RECOMMENDATION: H-86-48
DATE OF ISSUE: August 8, 1986

The NTSB recommends that the International Association of Chiefs of Police:
Dissiminate information to your members on the possibility for serious head, spine, and
internal injuries to motor vehicle crash vietims who were using a lap be't; ensure that
your members are aware that these injuries, particularly internal injuries by lap belt use,
may not be apparent for some time, and that it may be prudent even for seemingly
uninjured lap belt users to be provided early medical attention by physicians familiar with
treatment of trauma,

RECOMMENDATION: H-86-49
DATE OF ISSUR: August 8, 1986

The NTSB recommends that Associations and Groups Concerned with Emergency

Medicine: Through communication with your organization's members and with other
medical personnel, disseminate informed guidance to those called on to treatmotor
vehicle crash vietims concerning the nature, severity, and appropriate handling of injuries
that can be sustained by those using belt restraint systems. Ensure that emergency
medical personnel receive training on the internal, head, and spine injuries that should be
suspected in the case of crash victims who were using a lap belt, and the urgency of
propre diagnosis and treatment. Encourage those emergency personnel who transport
injured crash victims to relate accurate information to hospital emergency room
personnel concerning the circumstances of the victim's involvement in the crash (seating
location, use or nonuse of seat belt, type of belt used, ete.)

RECOMMENDATION: H-82-60
DATE OF ISSUR: December 7, 1982

The NTSB recommends that the Governors or Governors-Eleet of Alaska, Arizona.
Arkansas, Colorado, Georgia, Hawaii, ldaho, Indiana, lowa, Louisiana, Maine, Maryland,
Mississippi, Missouri, Montana, Nebraska, New Hampshire, New Jersey, New Mexico,
Nevada, North Dakota, Oklahoma, Oregon, Pennsylvania, South Carolina, South Dakotas,
Texes, Utah, Vermont, Washington, and Wyoming. Develop a statewide child passenger
safety program including aggressive enforcement of laws requiring use of child safely
seats, public information and ecducation programs on their need and proper use, child
safely seat loan or similar programs, and ongoing evaluation of such activities.
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RRCOMMENDATION: H-83-49
DATR OF ISSUER: November 30, 1983

The NTSB recommends that the Governors and Legislative Leaders of Alaska, Idaho, lowa,
Louisiana, South Dakota, Texas, Utah, Vermont, Wyoming, American Samoa, Guam,
Puerto Rico, and the Virgin Islands: Enact legislation requiring the proper protection of
children traveling in motor vehicles, following as closely as possible the elements set
forth by the National Transportation Safety Board in its Safety Study, "Child Passenger
Protection Against Death, Disability, and Disfigurement in Motor Vehicle Accidents."

RECOMMENDATION: H-83-50, H-83-51
DATE OF ISSUE: November 30, 1983

The NTSB recommends that the Governors and Legislative Leaders of states with child
passenger protection laws, include as part of a statewide child passenger safety program,

public information and education activities specifically aimed at combating misuse of
child safety seats.

RECOMMENDATION: H-83-53
DATE OF ISSUE: November 30, 1983

The NTSB recommends that the National Highway Traffic Safety Administration:
Expedite the issuance of a final rule requiring that newly-manufactured vehicles undger
10,000 pounds gross vehicle weight be equipped with tether anchorages or predrilled holes
for the installation of such anchorages at all rearmost seating locations.

RECOMMENDATION: H-83-54
DATE OF ISSUE: November 30, 1983

The NTSB recommends that the National Highway Traffic Safety Administration:
Examine the consequences in accidents of nonuse and misuse of tether straps with safety
seats requiring use of tether straps to determine whether such safety seats should be
required to meet all the requirements of Federal Motor Vehicle Safety Standard 213,
Child Restraint Systems, without the tether strap attached.

RECOMMENDATION: H-83-55
DATE OF ISSUR: November 30, 1983

The NTSB recommends that the National Highway Traffic Safety Administration:
Examine the incidence of nonuse and misuse of a tether strap with child safetly booster
seats when used in a rear vehicle seal and the conseguences in accidents of such nonuse or
misuse to determine whether the advantages offered by such booster scats outweigh the
disadvantages.
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RECOMMENDATION: H-83-57
DATRE OF ISSUE: November 30, 1983

The NTSB recommends that the National Highway Traffic Safety Administration:
Conduct research and developmental crash testing to explore the feasibility and
desirability of developing abdominal and neck load criteria, anthropomorphic dummies,
and test procedures for child safety seats and other child restraint systems.

RECOMMENDATION: H-83-59
DATE OF ISSUE: November 30, 1983

The NTSB recommends that the National Highway Traffic Safety Administration:
Conduet crash tests and accident research to examine the use and accident performance
of safety belts with children at various ages to better identify the benefits and limitations
of such use.

RECOMMENDATION: H-83-60
DATE OF ISSUE: Novembe: 30, 1983

The NTSB recommends that Each Child Safety Secat Manufacturer: Review and revise
instructions for use of child safety seats and other child restraint devices as needed to
improve the clarity of the instructions and to establish specific height, weight, or other
thresholds for required actions which depend on a child's physicai characteristies (such as
conversion between forward and rear-facing modes and harness rerouting on convertible
child safety seats).

RECOMMENDATION: H-83-61
DATE OF ISSUE: November 30, 1983

The NTSB recommends that Each Child Safety Sest Manufacturer: Attach permanent
labels to safety seats to identify correct safety belt routing points, harness routing points,
and correct recline positions for use in motor vehicles.

RECOMMENDATION: 11-83-62
DATE OF iSSUH: November 30, 1983

The NTSB recommends that the International Association of Chiefs of Police: Coordinate
and promote the development of training programs for state and local law enforcement
officers on the use and misuse of child safety seats and safety belts for law enforcement
and aecident invesligation purposes.
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RECOMMENDATION: H-83-63
DATE OF ISSUER: November 30, 1983

The NTSB recommends that the International Association of Chiefs of Police: Promote
the use of statewide traffic accident data systems lo collect and analyze specific data
identifying the use and misuse of child safety seatls and safety bells in molor vehicles
invelved in aceidents and the consequences of such use and misuse.

RECOMMENDATION: H-85-22
DATE OF ISSUE: November 12, 1885

The NTSB recommends that the Governors of the 50 States, 4 U.S. Territories, and the
Mayor of the District of Columbia: Incorporate in state and local accident records
information regarding use of restraints and injury, if any, of all child occupants (injured
and uninjured) covered by the State Child Passenger Protection Law. Also, incorporate in
accident report forms a category for child restraint use separate from any category for
vehicle seatbelt use and record whether the child restraint was used properly or
improperly, and the mode of misuse.

REKCOMMENDATION: H-85-23
DATE OF ISSUE: November 12, 1985

The NTSB recommends that the National Highway Traffic Safety Administration: Revisc
fatal accident reporting system data forms to include the categories "Child

Restraint--Used Properly” and "Child Restraint--Used Improperly," along with "Child
Restraint--Unknown if used properiy.”

RECOMMENDATION: H-85-24
DATE OF ISSUE: Noveinber 12, 1985

The NTSB recommends that the National Highway Traffic Safety Administration: Revise
National Aceident Sampling System Data forms to record additional information on the
type of misuse, specifically harness errors, vehicle seatbelt routing errors, improoer
positioning of the child restraint, as well as tether nonuse or misuse,

RECOMMENDATION: H-85-25
DATE OF ISSUE: November 12, 1985

The NTSI} recommends that the National Highway Traffic Safety Administration:
Encourage states to conduct workshops for local police precinets and state police on child
reslraints and Lheir proper use and installation,
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RECOMMENDATION: H-85-26
DATE OF ISSUR: November 12, 1985

The NTSB recommends that the National Highway Traffic Safety Administration:
Conduct special training for National Accident Sampling System Accident Investigation
teams on the types of the child restraints in use, the ways they are misused, and field
investigation techniques.
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APPENDIX B

INDEX TO SAPETY BOARD CASES INVOLVING ADULTS
RESTRAINED BY MISROUTED/SHOULDER BRLTS

Seating
Position

Age_

Belt
Routing/
Fit

Injury
Severity
(MAIS)

Yehicle

Accident
Type and
Severity

153

Driver

18

Shoulder portion
under arm

Moderate

1984
Honda
Civic
2-door

Right

Front

(D.V. not
calculable)

Driver

Shoulder portion
under arm

Hoderate

1984
Toyota
Tercel

Left
front
felta ¥V 10.2 mph

Driver

Shoulder portion
under arm

1974
ford
Pinto
Station-
wagon

Head-on
Delta V¥ 15 mph

Driver

Shoulder portion
under arm

1980
Jeep
Cherokee
4-door
Station-
wagon

feft
front
Delta V 6.8 mph

Right
front

Shoulder portion
under arm

Critical
(fatal)

1981
Datsun
Z-door

frontal
Delta V 29.3 mph

Driver

Shoulder portion
behind back

Critical

198%
Nissan
Pickup

Right
Front
Delta Vv 35.9

Shoulder portion
behind back

1979
Pontiac
Bonne-
ville

Rear impact
Delta V 28 mph
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Belt Injury Accident
4 Case Seating Rout ing/ Severity Type and
fd No. Position _ Age it {MAIS) Yehicle Severity
es: 117 Oriver 66 Shoulder portion  Minor 1979 Right
y under arw ind AlS-7 Ford LTD front
y 3 facial 4-door  Delta ¥ 28.5 mph
«g} injuries
o o] 100A  Driver 33 Shculder portion  Minor 1982 Head-on
e under arm Chevrolet Delta V 11.1 mph
f 189 Right 62 Possible misuse: Moderate 1978 Frontal
4 front shoulder portion Mercury Delta Vv 37.6 mph
¥ under arm Monarch

with misrouted belts.

*See cases 130, 131, 144A, 157, 191, 111, and 29, which involve children
Case 185 may have involved an adult with misrouted
3 point belt. Case 138 involves a misrouted passive belt.
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APPENDIX C

INDEX TO SAFETY BOARD CASES INVOLVING CHILDRRN, AGE 2-17,
WEARING LAP/SHOULDER BELTS

Description
of Accident

Seating
Position

(BY AGE)

Belt
Use

Injuries

to Child Comments

Frontal
{DY 19.5 mph)

Sharing
right
front
passenger
position
(bucket-
seat)

Sharing one
lap/shoulder
belt with
shoulder
portion
placed
behind

back

Minor
injuries

sustained

by both
children

Frontal
(oY 10.5 mph)

Right
front
passenger

frontal
(DY 11.7 mph)

Shoulder
portion
placed
behind
back

Unknown

§f injured.
No doctor's
exam but
mother
reported
child thrown

forward and

down at
fmpact,
striking

head on kriees;
nose bleed

Minor

Frontal
{DV 10.8 mph)

Frontal
{DY 10.6 mph)

ke s ol & o

Proper

teft side
fmpact
(OV 18.1 mph)

Uninjured

s o d A
W el

e < e L
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Description
of Accident

Positionq!

Injuries
to Child

Comments

frontal
(OV 28.9 mph)

Right
Front

Minor

Compare outcome

f lapbelted
¢hild seated
next to him

Right side
(DV 13.7 mph)

Right
front

Uncertain;
slack in lap
portion

Minor

Frontal
(OY 30 mph}

Right

" front

Belt worn
while
seat

Serious (Fatal):
a next injury
of unknown
severity
proved fatai

Reclined

- seat made
" belt fit

very poor

Right front
{DY not
calculable)

Proper but
belt webbing
severed in
crash

Severe: fatal
injuries, belt
compromised,
and seatback
deformed
forward due to
unrestrained
back seat
passenger

Belt severed
sO 1o
statement

- as to

effectiveness
possible

Lteft right
{0V 32.2 mph)

Proper

Minor

teft side
{DV 21.1 mph)

Proper

360°
Rollover

{DV not
calculable)

Uncertain

frontal
{DV 18.3 mph)

frontal
{0V 9.8 mph)




. :"\ge
Description of
of Accident Child

Seating
Position

8elt
Use

Injuries
to Child

APPENDIX C

Comments

e

Rear
impact :
{DV 28.0 mph)

14

~Right
- front

Shoulder
portion
placed
behind

~ back

Minor

Driver also
routed
shoulder
portion of
his belt

behind back,
Rear impact
minimized
consequences

Left
front
(DV 32.2 mph}

See 8-year-old
also restrained
by 3 pt in

same car

Serious

360° Moderate
Roltover '

{DV not

calculable)

Frontal
(ov 22.7 mph)

Proper

Frontal Oriver Uninjured

(OV 14,3 mph}

Proper

Critical

Shoulder
portion
placed
behind
back

Seat came off
track

Frontal
{DY 35.6 mph)

Right
front

— ek A ek o i o b e bl ® e et

Frontal 15
{OY 21.0 mph)

Priver Excess Moderate
stack in
shoulder

tortion

89 Left side 16
{OV 11.5 mph)

e m e et o e A i e 4 o e e T et e o e S S —

o i o e e K o e A A e e M oo e

Driver Proper Uninjured

e e et o i B i i M T i R m S e
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_ o Age
Nescription of
of Accident Child

Seating
Positiqn

Case
No.

Belt
Use

Injuries
to Child

Conments

fFrontal 16 Driver

(DY 24.6 mph)

106

- Proper

Minor

Right
front

Frontal 16
(0¥ 15.0 mph)

129

Proper

 Uninjured

B e T il Al L

—

e . o

206A  Frontal 16 Driver "
' {DV 6.1 mph)
79 frontal 16~ Oriver Proper Minor See 17-year-old
(OV 27.1 mph) ' front passenger.
Compare outcome
of lapbelted
passenger
50 360° 17 Driver Uncertain Minor
Rotlover
(DV not
calculable)
97 Frontal 17 Deiver Praper Minor
{(DV 23.0 mph)
114 Frontal 17 Right Proper Minor See 15-year-old
(DY 22.7 mph) front “driver

PR,

rrontal 17 Driver

{DV 15.0 mph)

129

Proper

See 16-year-old
right front
passenger

Uninjured

Frontal 17
{0V 10.6 mph}

132 Driver

Uncertain,
probable
excessive
slack in
shoulder
portion

e A i e Akl = o e i s e o et e

See 4-year-oid
right front
passenger

Minor

o ki < s e
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Conments

—

136

Frontal

(oV 9.C mph) -

17

Oriver

Proper

Uninjured

n

Frontal
(DY 9.8 mph)

17

Driver

Shoulder
portion
placed under
am, with
stack

Moderate

179

Frontal
(DY 27.7 mph)

17

Right
front

Proper

Mihor-

U N I S L R
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APPENDIX D

INDEX TO SAFBTY BOARD CASES INVOLVING -
PREGNAN‘I‘ OCCUPANTS WRARING LAP/SI{OULDBR BELTS

, _ Seating
Iype of Position '
- Hd Accident of - Term type of :
- Case and - Pregnant of Restraing Selt Injuries
Ko, Severity Dccupiat !reqnancy Vsed Fit Maternad Fedal Outcome
» fronta) Briver 7 mes Lap/Shoulder Preper Minor; Xone fetus Chrried
oY 17 oph Selt {continuous Neck abrasfon £a11 teru,
Totp with ks § contusion deltivered
L freesiiding right tnee. neaithy
Patchplate) tq«mlained of infant
sharp paing
in tefy side
L8 “frontal Driver § mos. tag[&bo«lder STack fa Undefined None fetus careled
Y 28 mph ‘ t {eonrtininis  shoulser closed dead full tem;
' Toop, cinching portion; and atnor delivered
Tatchplate, driver wis infuries; healthy
Tk with benling down  fractured {nfant
windowshade) to pick Uy ©finger,
$tamon flocr  lacerited
a time of Hp and chir
crash; 8 :
wortion snwg
I Frontal Defver 5 Ve mos, lap}&haulder Froper: Minor: \one "
¥ 21 mph belt {continuous lap portitn Contusitn
foop, ELR with - low and sryg of lower
windowshade and  oa hips, © Yeft am,
Tocking Yateh- shoulder strafned
plate} portion abdominal
sdiusted 5o muscles;
pala of hard  complained
could be ¢f soreness
inserted in neck and
abdoren
12 Fronta Letver 5 mos. LapfShoal e Proper: Nore; Nore .
0 ¢ & mph belt {continuous Doth conplained
foop, ELR with Tap and of stomach
windowshd e shoulger pain
and ciagnin; partiors
fatenpiave! $riug
’ 137 Left +ide Criver B mos Lap/ihoslder Proper: Critical: Fractured Skull fetys Jied;
impait 4t belt {dual toto ruptured Methee survived
detver's ELR retractors, 133 and uteresg, ‘
positiang sewn-11 stoulder lacerates
0¥ 224 mph Taterptate, po-tlons Tirer and
{24 yrodes comfort clip) T spleen, tear
of cenh 10t0 in vagina}
drive~'y wall, head
conoaulnent! trjuries
1ey Héad-on Driver 12:13 weeks Lap/Shroulder Proper: woderste: Not keown wonan &id not
by 32.7 mptd pelt hath fractured tidha know she was
[cont 1u0us 1ay and Tacersted right pregasnt uatil
Yoap, ELR, shoulder kree, fractured nospital
freestidd partions foot, faceration amittance.  Was
Tatehplate 1P| an left elbow, diajnoted as

abrasion of
Towser abdomen

*migsed abartion”;
fetus prodably died
sefore crash.

R
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APPENDIX E

INDEX TO SARETY BOARD CASES INVOLVING PASSIVE RESTRAINTS

(Case
No.}

Seating
Position

Age

Maximum
Injury

Restraint

Automatic Belts
104 Driver

Serious

Vehicle

Accident
Confiq.

2 pt diagonal
belt

1980 VW
Rabbit
2-door

‘eft side
{OV 9.4 wph)
w. deformation

Driver

Serious

2 pt diagonai
belt (not using
available

manual lap belt)

1985 Toyota
Cressida
4-door

Head-on
(DV 36.9 moh)

Driver

Serious

2 pt diagonal
belt {not using
available

manual lap belt)

1982 Toyota
Cressida
station-
wagon

Frontal
(OV 33.4 mph)

Driver

2 pt diagonal
belt

1979 VW
R2bbit
2-door

Head-on
(DV 26 mph)

Right front
passenger

Serious

2 pt diagonal
belt

1979 WM
Rabbit
2-door

Head-on
{0V 26 mph)

Driver

Misrouted
2 pt diagonal
belt (worn
under arm)

1982 WW
Rabbit
2-door

Left front
(OV 25.3 mph)

Driver

Moderate

Airba? only
a

(Available
manual lap/
shoulder belt
not used)

168% Ford
Tempo

Left side,
ther head-on
(OV not
caltculable)

Driver

Airbag with
manual lap/
stoulder belt

1985 ford
Tempo

Head-on
{OV 11.8 mph)

Airbag with
manual lip/
shouider belt

1985 Ford
Tempo

frontal
(OV 6.3 mph)

Airtag with
manual lap/
shoulder belt

1985 ford
Tempo

(DV 19.9 mph)
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INDEX TO SAFETY BOARD CASES INVOLVING CHILD RESTRAINTS

Seatinq
Position

Age

Maximum

[ajury

Rastraint

Accident
Confiq.

Left rear

None

Child safety
seat

Head-on
(OV 15 mph)

Right rear

Minor

Child safety
seat

frontal
(DV 22.1 mph)

Right front

Minor

Booster seat
(w. lap/shoulder
belt)

Head-on
(OV 14.1 mph)

Right rear

Left rear

Minor

Unspecified
*minor
injuries”
AlS-7

Child safety
seat

Child safety
seat

720°
rollover

"

Left rear

None

Child safety
seat

Right frant
(OV not
calculable}

Right rear

Minor

Child safety
seat

Head-on
{OV 12.9 mph,

Left rear

Right reur

Moderate
w. AIS-7
nead
injury

Minor

Booster seat
(w. lap delt)

Booster seat
(w. lap balt)

Left side
(OV 21 mph)

Right front

None

Child safety
seat (rear-
facing)

Frontal
(DV 22.9 nph)

Right front

Child safety
seat

Frontal
(DV 17 mph)

Right front

‘Booster seat
(w. lap/shoulder
belt)

Head-on
{0V 10.8 nph)

Center rear

See also Case 132.
vehicle involved in a right sid~ impact.

“Serious

Misused child
sefety seat
(improperly
initalled)

“Frontal

(OV 33.6 mph)

A 2-woeks-o0ld infant restrained by an infant s2at was in a non-casa
The infant was uninjured.
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APPENDIX G

CHILDREN ARE NOT MINIATURFE ADULTS

Impact tolerances differ from adults, distribution of body mass is different
(influencing body kinematics and injury), injury thresholds to various parts of
the body change with the child’s age, etc. -- all factors which make studies of
adult restraint use of questionable validity when applied to children. Children,
as a group, vary widely by age categories, and even within one age category can be
quite disparate, i.e., one 13-year-old male may have a body far closer to that of
an adult than another slower maturing 13-year-old male.

Below are the anatomical considerations related to seat belt configuration
in three age groups as determined by a California pediatrician.

Infant/Toddler (0-3 years). These children have a proportionately larger head
size and a higher center of gravity compared to the older children. Internal
chest and abdominal organs are less protected by overlying bony structures and
muscles. In motor vehicle crashes, these children tend to undergo rotational
movement, become airborne more easily and move head first toward a site of impact.

School aged child {4-9 years). During these growth years, the center of gravity
moves toward the umbilicus, thus reducing the "top-heaviness" evident in the
younger age group. Nonetheless, the iliac crests are not adequately developed at
this age so as to serve as a lap belt anchor point. And, proper upright seated
posture is difficult to maintain secondary to lordosis in this age group The seat
belt tends to slide up and lie over the abdomen.

The adolescent (10-14 years). The physical characteristics of this age group are
more like that of an adult, By the age of 10, the anterior iliac crests are
adequately developed to serve as anchor points for the lap porticn of the belt.
In addition, upright seated posture can be maintained.

Source: Phyllis Agran, M.D.,M.P.H.;
Cebora E. Dunkle, Ph.D.; and Diane G. Winn, R.N., M.P.H., "Injuries
to A Sample of Seat-Belted Children Evaluated and Treated in a
?ospital tmergency Room," paper to be published in the Journal of
rauma,
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GLOSSARY OF INJURY AND SEATBELT TERMS

This glossary briefly defines certain tems, as they have been used in
this study and its appendices, that may be unfamiliar to the reader, Many
of them refer to highly complex objects or processes; the definitions here
are not intended to be exhaustive discussions of all aspects or nuances of
these terms. Some of the definitions are based on Dorland's Illustrated
Medical Dictionary (W.R., Saunders Co., 1981; 26th ed.); others are based o~
Johannessen and Vos, The Changing Shape of Seat Belt Systems (SAE 820796)
%nd og)Moffatt et al., Diagnosis of Seat Belt Usage in Accidents (SAE

40396).

For a fuller understanding of the anatomical parts referred to in the
case swmnaries, consult the anatomical drawings reproduced fron Dorland,

ABRDOMINAL FASCIA. Fibrous tissue forming part of the linner investing layer
of the abdoninal wall.

ANTERIOR. Situated in front of or in the forward part of an organ, towari
tre head end of the boiy.

AUTOMATIC LOCKIN3 RETRACTOR (ALR). A retractor (see definitlon, velow)
that allows bel: webbing to be withdrawn and then rewound, but will not
permiit a second witndrawal until the webdbing {s almost completely rewound.
AIR's are most cormonly seen in lap/shoulder belts with two retractors ani
{n rear seat lap belts., The user pulls the lap belt out to a length
greater than required, then latches it. The ALR rewinds the slack and then
locgs sacurely. These began appearing in Anerlcan cars around Model Year
1968.

AVULSION, The tearing away of a part of a body structure,

BRAIN STEM. The sterlire porticn of the brain connecting 1t with the
spinal cord.

CERVICAL., Pertalning tc the neck.
COMAINUTED. Broxen or crushed into small pileces, as & comiinuted fracture:.

COMPRESSTON FRACTURE. A fracture produced by compression {for example, 2
fracture of vertebrae)

CONTINJOUS LOOP. The most cormon type of lap/shoulder belt system in U.S.
passenger cars today. One end of the lap belt is fixed to the vehicle,
near the door sill, without a retractor; a continuous webbing extends
across the occupant's lap, through a latch plate (efither cinching or
free-511ding), then up across the shoulder to a gulde assembly or 1o an
FIR. ‘The lap belt lergth (snugness) must be manually adjusted by pulling
webbing through the latchplate. The retractor is supposed to adjust the
snugness of the shoulder belt portlon automatically {perhaps affected by
operation of any tensicn relief device in place).
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CONTUSION. Brulso; injury of a part without a break in the skin.
DELTA V. Instantaneous rate of speed change at impact.

BCCHYMOSIS. A small hemorrhagic spot in the skin or mucous membrane,
foming a nonelevated, rcwded or irregular, blue or purple latch.

. EDEMA. The presence of abnormally large amounts of fluid in the
intercellular tissue spaces of the body; usually applied to demonstradble
-~ accuiulation of excessive fluid in the subcutaneous tissues.

EMERJENCY LOCKING RETRACTOR. A retractor (see delinitlon, below) that
allews the webbing to be withdrawn and rewound freely, except when the
retractor is caused to lock by vehicle acceleration, rapid webdbing
withdraw@al, or some other non-fianual systen.

* i

1 HEMOPERITONEUM, An accurmulation of blood in the peritoneal cavity.
g HEMOTHORAX. A coilection of blood in the pleural cavity (thorax).

INFARCTION. An area of necrosis (dead tissue) in an orgen caused by a
cut-off in blood supply.

LACERATION. A torn, ragged, mangled wound,
LAPAROTOMY. Surgical opening of the abdomen.

LATCHPLATE (or "tongue"). The flat metal plate atteched to vne end of the
belt webbing and extending inside the other part of the buckle. It usually
has a hole through it or rotches irn its dles, which engage in the bduckle
when 14 is latched. {moffatt)

Le FORT I FRACTURE. A horlzontsl segrented fracture of the supporting bone
of the upper teeth, in which the teeth are usually contained in the

detached portion of the bone.

Le FORT II FRACTURE. Unilateral or bilateral fracture of the supporting
bone of the upper teeth, in which the body of this bone is separated fron
the faclal skeleton and the aeparated portion is pyranidel in shape; the
fracture may extend through the body of the bone down the midline of the
hard palate, through the floor of the orbit, and into the nasal cavity.

Le YORT IT1 FRACTURE. A fracture in which the entire maxilla (supporting
bone for the teeth) and one or wore facial bones are completely separated

from the brain case.

LIGAMENT. A band of fibrous tissue that connects bones or cartilages, to
support and strengthen joints; & double layer of peritoneum extending fron
one visceral organ to another.

MANDIBLE. 'The bcne of the lower jaw, the largest and strongeat bone of the
faze.

MAXILIA GINGIVA., The gums of the upper teeth,
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MESENTERY. A membranous fold attaching various organs to the body wall.
When used alsne, the term usually significs the peritenesl fold attaching
the srmell intestine to the dorsal body wall.

PARACENTESIS. A surgical puncturing of & body cavity to remove fluid (by ,
aspiration},

PARIETAL (bore). One of the bones of the side of tha head {see drawing of
skeleton).

PERISTALSIS. The ruscle movement by which the jritestines move their
contents,

PNEUMOTHORAX. An accuulation of air or gas in the pleural cavity.
‘ FOSTERIOR, Situated in back of, or in the back part of.
-k PULMONARY CONTUSION. Bruising of the lungs.

RETRACTOR. A device for storing part of the seat belt webbing by rolling
3 RETROPERITONELM HEMATGMA. A localized collection of (clotted) blood in the

space behind the peritoneum (the membrane lining the abderinopelvic walls
end covering the viscera).

SCAPULA. The shoulder blade {see drawing of skeleton).
SEPS1S, Infection,

SEROSA. Any seroua memtrane. (Deserosalization is a separation of sercsa
from the organ or part of the body to which it had been onnected. )

" SUBARACHNOID HiMORRHAGE. Intracranisl hemorrhage into the subarachnoid \
3 space., B5Y

SUBLURAL HEMATOMA. Accumulation of blood in the subdural space
(intracranial). In the severe &cutc forw, both blood and cerebrospinal v
fluid enter the space through laceration of the brain and a tear in the A
arachnoid (a membrane within thc brain), adding subdural compression to the E-

direct injury to the brain. In the chronic form (a gradual process,

: occuring weeks after the injury), only blood effuses into the subdural

space through rupture of the bridging veli.s, ususlly due to closed head

injury.
SUBLUXATION. A partial dislocation.

SUBMARINING, A possible event during smme crash decelerations, in which
belted occupants slide downward and forward, resulting in the 1ap belt
being repositioned above the iliac crests and over the ubdorainal ares; it
may also be posaritls for the same resulls to occur by a process involving
the 1ap belt being pulled up past the iliac crests. Sutmarining is not a A
well-understood concept and same researchers have concluded it rarely if \
ever occurs, - g
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TENSION RELIEF DEVICE. A device for reducing the tension in the shoulder
pelt portion ¢f a lap/shouider belt. The most common form3 are the
neomfort ¢lip,” a small clip positioned on the belt webbing to 1imit its
ability tc be taken up inte the retractor, and the so-called "windowahade"
device, In the latter device, by extracting webbing, pausing or rewinding
slightly, then extracting sligatly egain, the iocking mode of the retractor
1s triggered but with slack in the shoulder belt. The slack mode 18
supposed to be overridden asutomatically by some operation such es opening
the ccecupant's door.

TRANSECTION. A division by cutting transversely, & cross-sectvion cut,

TRAUMATIC THROMBOSIS. Formation of coagulated blood in a part following an
injury.

TYMPANIC MEMBRANE. ‘The membrane separating the middle from the external
eal".

ULNAR STYLOID PROCESS. Part of the inner, larger bone of the foream,
on the side opposite that of the thumd

VEKICLE SEiSITIVE RETRACTOR. A type of emergency locking retractor (see
definition above) that locks when the vehicle tilts or when it changes
velocity sharply in any direccion,

WIBBING SENSITIVY. RETRACTOR. A type of emergency locking retractor (see
definition above) that lockes when the webbing is suddenly withdrawn fron

the retractor, as in the early phase of a crach, but does not lock when the
webbing is withdrawn slowly (normal use). (Webbing sensitive ELRs are
required by European regulation; Buropean retractors also inciude the
vehicle sensitive feature as weil.)
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SEVERITY MEASUREMENT

ABBREVIATED INJURY SCALE

Motor vehlele occupant injuries were coded in the Board's safety study according to
the 1983 Abbreviated Injury Scale (AlS). 1/ Injuries are described in the text of case
sumraaries in terms of the maximum (MAIS) level injury sustained by an occupant. Hence,
it an individual sustained two AIS 3 injuries, onc AIS 2, and seven AlS 1 Injuries, the
Individual is desceribed as recelving an MAIS 3 injury.

A Uplversity of Michixan study substantiated that approximatzly 98 percent of
multiply Injured persons would be properly tssessed using most severe injury as an
index, 2/ Description of all the injurles, however, appears in the case summaries in
Yolume 2.

The AlS codes used In the study were:
AlS Code  Descriptien fxamples

1 Minor fryises, abrasions, suparficta) lacerations {less
than ¢ Sfnches on face or & irches on body,
provided they do not sxtend into subcutaneous
tissue}, fractured fluger, sprained wrist

Moderate Deep laceration, miltd concussior, head injury
with annesfa sbcut accident and ro neurclogical
damage, fractured clavicle, spraired knee,
fractured foot, fractured uln

fractured femur, dislocated Mg, Lrain swalliag,
contused bladder, fractured pelvis, crushed
forearn, hand amputation, head injury with prior
unconsciousness with neurcelogic deficit

Severe Ruptured spleen, amputation of leg abave knee,
brain hematoma less than 100 ¢

Ceitical Falmonary artery laceration,
complete spiral cord lesion {quadriplegia or
paraptegia), ruptured Viver, unconscious more
than 24 hours or penetrating skull injury, brein
hemitons more thar 100 ¢¢

Maximuw injury, Turso transection, massive skull crush,
virtually uasurvivable spinal cord crush with total transection €-3 cor
ibove, crushed br:{n stem

Injorad, urknown Insufficient intormation 45 aveilable nr Cutcome
severily rather than injury §s descrided, {.e. arm traum,
closed head injury, kidney injury

Unknown §f {njurad Medical report states “rede.ss over eyt® or
*suspicton of---*, or no informaticn ¢ avitladle
on sccident cutcome for the individud)

1/ AlS is a standardized, universally accepted system for assessing impact irfury severity
by coding individual Injury codes. The first AIS was published in 1971 under sponsorship of
a joint committee of the American Medlcal Association, the American Association for
Automotive Medleine, and the Society of Automotive Engineers. Since 1973, the
American Assoclation for Automotive Medieine has been the parent organization.

2/ Hueng, L.C., and March, J.C., "AIS and Threat to Life," Proceedings, Americen
Assoclation for Automotive Medicine 22; 242-254, 1978.
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CRASH SEVERITY MEASUKEMENT

The severity measure used in the Safety Board's cases is Delta V, considered by most
crash researchers the best single measure of collision severity. Delta V as used in these
investigations is the instantaneous rate of speed change undasrgone by a vehicle at impact.
The Delta V estimations were generated primarily from measurements of damage
sustained by the crash-involved vehicles. These measurements, of both the location and
extent of structural deformation, along with the vehicles' veights, were entered into the
CRASH 3 1/ computer program, through which they could te compared against the known
results of crashes staged and documented over the past several years. This computer
program analyzes such parameters as vehicle structural rigidity, force vectors with
respect to vehicle center of mass, and the influence of individual vehicle weights. The
result is a computer-generated estimate of the speed change acting on the crash vehicles
at impact. While the program recult is recognized as ar estimate, the use of CRASH
allows a uniformity of case study interpretation which could not be achieved by other
commonly used investigative methods.

t Speeds on the Highway. The
Department of Transportation as an

] A . accuracy and unif i i
interpretation of physical evidence from traffic aceidents." g rormity in - the

Erogf-am was developed with funding from the U.S.
accident investigation aid aimed at achieving
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TABLES SHOYING MISUSE DATA
FROM NATIONAL HIGHWAY TRAFFIC SAPETY ADMINISTRATION'S
19-CITY SURVEY OF RESTRAINT USE, 1986, and INSURANCR INSTITUTE OF
HIGHWAY SAFETY SURYEY OF MARYLAND DRIVERS, 1987

The most comprehensive data on the rate of misuse among U.S. lap/shoulder
belt wearers comes firom the NHTSA 19-city survey of restraint use conducted during
January-June 1986 (11,528 vehicles with restrained drivers). The survey found
that 2.9 percent of drivers wearing lap/shoulder belts misused them. Misuse was
apportioned as follows: 1.6 percent: shoulder portion under arm; 0.6 percent:
shoulder portion behind back; 0.8: loose.

Other findings included:

0 Overall misuse decreased slightly as car model became more recent.

0 Shoulder belt misuse was higher among females than among males (3.6
percent versus 2.5), due mainly to the difference in underarm use.

Misuse was highest among those age 50 and older (4.9 percent): they
favored underarm use. Drivers under 20 also favored underarm use
(3.6 percent).

Drivers of domestic vehicles were much more 1ikely than drivers of
imported cars to wear the shoulder portion of their belts loosely,
"probably due to windowshade design,” according to NHTSA.

Tables from the NHTSA study follow:
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Driver shoulder belt misuse by age group

Percent Misused
Total
Under Behind Percent
Age Group_ _ Base Arm Back Loose Misused

Under 20 812 . . 2.9
20-24 3,894 . . 2.6
25-49 24,294 . . . 2.5
50 or over 8,193 . . . 4.9

3.0

Total 27,193

Driver shoulder belt misuse by driver gender

Percent Misused

Total
Under B8ehind Percent
Driver Gender Base Arm Back Loose Misused

Male 21,115 1.2 0.5 0.8 2.5
Female 16,078 2.1 0.6 0.9 3.6
0.8

Total 37,193 1.6 0.6

3.0

Driver shoulder belt misuse by vehicle size for all model years

Percent Misused

Total
Under Behind Percent

Yehicle Size S Arm __ Back Loose Misused

Subcompact . . 0.4 2.2
Compact . .

Intermediate
Full Size

Total

3.1
3.8
5.3
2.9
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Driver shoulder belt misuse by vehicle make for all model years

Percent Misused

Total
Under B8ehind Percent
Yetkicle Group Base Arm _Back Loose. Misused

Domestic 7,431 1.8 0.6 1.3 3.7
Import 4,441 1.3 0.2 0.1 1.5

Total 11,872 1.6 0.5 0.8 2.9

Driver shoulder belt ..1suse by vehicle size for all model years

Percent Misused

Total
Underr Behind Percent

Vehicle Size Arm Back Loose Misused

Subcompact l. 0.3 . 2.2
Compact 1. . .

Intermediate 1.

Full Size 2.

3.
3.
5.
2

1
8
3
Total 1. 9

>

Driver shoulder belt slack by vehicle manufacturer
for all model years

Percent Misused

Total
Under Behind Percent
Vehicle Group Arm Back Loose Hisused

AMC

Chrysiler

fFord

GM

Vi

Toyota
Datsun/Nissan
Honda

Other Imports

Total

o
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More recent data was collected by the Insurance Institute for Highway Safety
(I1HS) and published in a paper, "Improper Shoulder Belt Use by Maryland Drivers,”
written by Michael Ciccone and JoAnn Wells, June 1987. Excerpts from this study
foilow:

The T1IHS study was undertaken tu more cleariy determine the types and
frequency of improper shoulder belt use, with particular emphasis on
belt slack, in a mandatoryv seat belt use state. Motion picture films of
drivers approaching stop signs in Maryland were analyzed by a trained
panel to ascertain belt use and misuse. Over half of the drivers of
1974-1987 model vehicles were observed to he belted. Slack in shoulder
belts was the most common type of misuse and was much more prevalent
among drivers of domestic cars than among those of imported cars. For
restrained drivers of domestic cars, 27 percent had 1 to 2 inches of
slack in their belts, and 8 percent had 3 or more inches. In imported
cars, only 5 percent of belted rivers had 1 to 2 inches of slack, and
none had 3 or more inches. The window shade slack mechanism, found only
in domestic vehicles, was most often associated with the slack.

A study in Switzerland by Niederer, Walz, and Zollinger (1977) of 410
restrained vehicle occupants who suffered severe or fatal injuries in 304 crashes
identified excessive belt slack as an important contributor te the injuries in a
subset of 54 frontal crashes with little or no passenger compartment intrusion.
Other crash investigators (NHTSA, 1985; States, Huelke, Dance, and SGreer, in
press) have shown that improper routing of the shoulder belt under thz arm can
result in severe or fatal injuries tec crash-involved vehicle occupants. The lower
rib cage and abdomen cannot withstand strong loading by the belt, and liver, lung,
heart, or spinal cord damage results. In contrast, 2 properly worn shoulder belt
transmits the crash loads to the clavicle, shoulder, and sternum, which are far
more capable of withstanding these stresses (States et al., in press).

Surveys of seat belt use by the California State Automobile Association
(1986), Bowman {1987), and Wagenaar, Molnar, and Businski {1987) have included
estimates of the frequency of improper belt routing. Hewever, belt slack was
either considered in an informal manner (only obvious slack was noted) or was
ignored altogether. The present study was undertaken to determine more clearly
the types and frequency of imnroper shoulder belt use, with particular emphasis on
belt slack. The study was conducted in Maryland, a state with a belt use law. [t
has been suggested that when belt use is mandatory, some people who wear belts
only because it is required will do so improperly, rvesulting in a higher rate of
improper use among belt wearers than when seat belt use is voluntary {Williams and
0’Neill, 1979).

Tables from the IIHS study follow:
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Shoulder Belt Use by Maryland Drivers In
1974-87 Mode! Vehicles
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Estimated Slack in Shoulder Belts Worn by Maryland Drivers in
1974-87 Model Cars
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Estimated Slack In Shoulder Belts Worn by Maryland Drivers in
1974-87 Model GM, Ford, & Chrysler Cars
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APPENDIX X
ADDITIONAL CASES OF FATAL INJURIES CAUBED BY
UNDRRARM USE OF A SHOULDER HARNESS

Cases involving serious or fatal injury due to belt routing errors and other
forms of misuse of 1ap/shoulder belts were described by Canadian researchers in
1986 and published in the 30th Proceedings of the American Assocfation for

Lutomotive Medicine. *

One case fn the Canadian paper invelved a right front passenger with a
misrouted belt. The passenger sustained lumbar spine injurfes attributed to the

misuse:

gg?%gjgg Case Study No. 7 - 1984 GMC S-15 Pickup truck/1979 Lada/T-Type
Collision

The case vehicle, a 1984 GMC High Sierra pickup truck, was travelling
westbound along a two lane, rural highway. [t was dark and snow was
falling. Vehicle 2, a 1979 Lada four door sedan, was travelling
eastbound along the same roadway. Vehicle 2 drove partially onto the
south shoulder. 1In attempting to return to the roadway, the driver
oversteered and his vehicle skidded sideways, out of control, into the
westbound lane. 1lhe front of the case vehicle struck the center right
side of Vehicle 2. The case vehicle sustained a broad frontal crush
measured as 47 cm at the left front erd, and 4 cm at the right front
end. The barrier equivalent speed for the case vehicle in this
collision was established at 30 km/hr.

The occupant of interest in the case vehicle 1s the right front
passenger, a 26-year-old female, 157 cm tall and weighing 50 kg. She
was wearing the available lap and torso restrzint system. Thic occupant
suffered an abrasion to the forehead from conlact with the upper
dashboard. She also received contusicns to the right kidney; 2
bilateral laminar fracture of LI, with the body of L1 displaced
posteriorly; fractured transverse srocesses of L1 and L2; subluxation of
712 and L1 by 5 mm, requiring spinal fusion.

In a collision of this severity, one would not expect a properly
restrained right front occupant to make contact with the upper
dashboard, nor to sustain injuries of the severity described above. The
right froat restraint system was removed and, upon examination and
testing, was found to be completely operational. The abdominal and
spinal injuries reported above suggest that the torso belt was worn
improperly, being placed under the cccupint’s arm rather than over the

shoulder.

* Green, Robert; German, Alan; Gorski, Zygaunt, Proceedings, American Asscciation
for Automotive Medicine, Montreal, Quebec, October 6-8, 1936,
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Another Canadian case involved fatal injury to a driver due to his underarm
use of the belt. Misrouting permitted excessive excursion:

Canadian Case Study No. 6 - 1978 Oldsmobile Cutlass/1970 Plymouth
Valiant/Head-on Coliision

The case vehicle, a 1978 Oldsmobile Cutiass Supreme two door coupe, was
travelling westbound on a two lane, undivided, county road. Visibility
was good in the daylight hours; however, the roadway surface was covered
in fce and extremely slippery. In attempting to complete a passing
mancuver, the driver of the case vehicle lost directional control. The
vehicle crossed the roadway centerline and collided head-on with a 1970
Plymouth Valiant two door coupe, which was travelling eastbound on the
same roadway. As a result of the colliston, the case vehicle received a
wedge-shaped frontal crush measured at 71 c¢m at th2 left front end, and
13 ¢m at the right front end. The barrier equivalent speed for the case
vehicle in this collision is estimated to be 40 km/h.

The driver of the case vehicle, a 30-year-old male, was approximately
180 cm tall and weighed 81 kg. The investigating police officer found
the driver slumped forward over the stcering wheel. The driver was
wearing the available three point restraint system, but the torso
portion of the belt system was found to be located under the driver’s
arm rather than over the shoulder.

The occupant sustained a trinsection of the aorta; massive anterior and
posterior hemomediastium; massive left hemothorax, with 2.5 1 of blood
in the left pleural cavity; a contusion to the left lung on the upper

lobe near the hilum; bilateral intra-alveolar hemorrhage; a fracture of
the manudbriosternal joint; and fractures, along the mid-clavicutar line,
to the left ribs numbers 2 through 5, and to the right ribs numbers 2
through 9 (MAILS 6). -

In discussion of these cases, the authors concluded:

Drivers or front passengers, often for reasons of confort and
convenience, defeat the function of the shoulder haraess by placing it
in the axilla. This creates the effect of wearing a lap belt only, and
in some belt systems may introduce excessive slack in the lap belt
portion. During a frontal collision, the occupant is retained within
the seating position, but is free to flex forward at the waist. In Case
6 the driver’s upper torso loaded the steering column, which collapsed
to its base 1imit and inflicted fatal injuries to the driver’s chest.
From our investigation we concluded that a properly worn shoulder
harness would have prevented this death.
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In Case No. 7 a properly restrained right front passenger fn the pickup
truck should be protected from all but minor bruising injury. This
right front passenger was free to flex forward at the waist at the tine
of frontal collfsion and sustained head contact with the instrument
panel and hyperflexion injury of the Yumbar spine. This type of lumbar
spine injury due to flexion across a Yap belt during frontal collision
was described and discussed by Smith and Kaufer * and in many reports by

other investigators since then. Adequate restraint of the upper torso
will prevent this injury.

Six additional cases involving fatal injuries due te underarm use of the

shoulder portion of a three-poi-* belt are described $n a paper published in the
Journal of Trauma, July 1987.%*

L8 * Smith, W. S. and Kaufer, H., "Patterns and Mechanisws of Lumbar Injuries
Ja Associated with Lap Seat Belts,” J. Bone and Joint Surgery, Vol. 51-A, No. 2; p.
G 239, 1969,

b **Siates, John; Huelke, Donald; Dance, Murray, and Green, Robert, "Fatal Injurfes
y: Caused bty Underarm Use of Shoulder Harness."
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APPENDIX L
ADDITIONAL INJURY DATA FOR CASE YEHICLE OCCUPANTS

Uninjured lap/shouider belted front seat occupants:
Disteibution by crash severity (N=33).

Rt. Front

Crash Severit Deivers Passenger Total
(Delta V)

Delta V not

calculable* 2
0.1 to 10.0 6
10.1 to 20.0 17
20.1 to 30.0 1

- w————

Toial 26

Percent 78.8

(Date for properly routed lap/shoulder beits only; a total of 213 case vehicle occupants,)

Lap/shoulder belted front seal occupants with minor Injuries as
most severe Injury: Distribution by crash severity (N=95).

Rt. Front
Crash Severity Drivers Passenger Total Perent
{Delta V)

Delta V not

calculable® 5
0.1 to 10.0 12
10.1 to 20.0 42
20.1 to 30.0 24
30.1 to 40.0 3
Noncollislon aceldent 9
Total 95

Percent 100.0

(Data for properly routed lap/shoulder belts only; a total of 213 case vehicle cceupants.)

*Delta V was not calculable for some of the
collision acelidents due to the nature of the
collision or lack of physlcal evidence.
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Lap/shoulder belted front seat occupants
with fractured ribs, sternum, or clavicle
in frontal nonrollover crashes by crash severity.

Right
Front

Crash Severity Drivers Passenger Total Percent
(Delta V)

Not calculable®
10.1 to 20.0
20.1 to 30.0
30.1 to 40.C
40.1 or more
Total

Percent 61.9 3a.1 100.0

{Data for properly routed belts only.)

Crash saverity and configurati_.1 of crashes resulting in intrusion
causing most severe Injury of lap/shoulder belted front seat occupant.

Other Non-
Crash Severity Right Left Colli- Colli-
(Delta V) Frntl Side Side Rear  sion sion Total

Not calculable*

0.1 to 10.0

10.1 to 20.0

20,1 to 30.0

30.1 to 40.9

40.1 or more

Other noncotlision
Total
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0
{Data for properly routed beits only and occupants with MAIS 2 or greater.)
*Dealta V was not calculable for some of the

collision accidents due to the nature of the
collision or lack of physical evidence.
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' Collision Accidents
Injury Outcome by Crash Severity for Drivers
Restrained by Lap/Shoulder Be'ts®

N

% at each
injury
fovel

WK1 ODviors yR1L%
IN= 18 N = $H N

. Coftision Accidents
Injury Outcome by Crash Severity For Right Front Passengers
Restealned by by Lap/Shouider Belts*

*% atearh
injury
tavel

Koy 4 inpury Severdy 0‘: 1;3 :s}?
T Not wpured MAS ¢

{3 M.moc (MAIS T}

0 Modereie MAS Ti

Sarous (MAIS 31

8 Seare 10 Masmum (MAS 2 6)

* Properly routed L 2lts only.

Injury outcome by crash severitly for drivers and right front
passengers restrained by properly routed lap/shoulder belts
in eollision accidents. (Cases in which both Delta V and MAIS level of
injury could be determined. Chart adjusts for different numbers
of occupants at each Delta V severity category.)




Aa..#‘

AN Y S 2
e A L T A ]

APPENDIX L

Incidence of head/faclal injuries (Al1S-2 or greater)
by seating position for lap/shoulder belted* case occupants

All Cases in Study

Drivers: 20.3% (32 of 157)
Right Front: 16,13 (9 of 56)

Frontal, Nonrollover Cases Only

Driverss 21.49% (24 of 111)
Right Front: 16.7% (6 of 16)

(Properly routed belts only.)

Incidence of fractured ribs, clavicle, or sternum

by scating position for lap/shoulder belted® case occupants

All Csases In Study

Drivers: 10.8% (18 of 157)
Right Front: 17.9% (10 of 56)

Frontal, Nonrollover Cases

Drivers: 10,7% (13 of 111)
Right Front: 36% (5 of 36)

(Properly routed belts only.)
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