



































PART 11. Humber of Survivors Uslng Belts: Types of Be!t Installation Failures

Datz extracte. from case reconris of the 1039 survivers were tallied
according to use and ¢ffectlveness of safety belts. By chance, exactly; 1000 of
the survivors used their safety belts: 39 did not.

Figure 2 shors the numbers of survivors whose be!t installations re-~
mained intact -~ or feiled - when seats remalned In place. Tne relatively high
incidence of belt installatlon failure (nearly 25% of installa’ions falled)
immed lately suggests that belt installation fallure may he a factor in dlct.’-
ing injury patterns. This observatlion therefore was tested and analyzed |n
subsequent sectlons of the study.

Greakdown of faltures of safety belt installations Into types of fail-
ure revealed that the various categories of failure were too small for analysls
in relatlionshlip to injuries. The breakdown, however, may be of some Interest to
engineers and safely groups and s therefore presented In Figurs 3.

Effectiveness of Safely-Belt
Installations among 1000
Safety-Belt Users

Survivors whose seats and safety belt
installations remained intact.

\§§ Survivors whose sez2ts remained in place
N

and whose safety belt installations failed.
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Survivors whose seats pulled free, leaving
effectiveness of safety belt installations uncertain,

72.2% 22.10% 5.7%
FIGURE 2
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Types of Safety Belt
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SECTION |

ANALYSIS

FaRT /. Relatlonship between Severe Snubbing Action of Safety Belts and
the Occurrence of Intra-Atdominal a~d lumbar Splne fnjuries.

Discussion of the value of safety L2lts often has been confused by the
belief that severe snubbling action produced "acute flexlon of the torso over
the ssfety belt" with consequent intra-abdouminal and spinal) Injury. ¥hile
Crash Injury Research firmly believes that s9c4&ni/7ing rather than flexloncom-
monly takes place in crashes (see Fligure 4) the auestion of the dangerousness
of safety belts is oniy incldentally related tc the kinematics of the human
body in crashcs., The important - snd pertinent - questicn is whether the snub-
bing 2ction of safety belts (reaardless of whether jackknifing cr flexlon takes
p'ace) is assocliated with Intrs-abdomina! and spinal injurles.

SN Ll b L

JACKKNIF ING “FLEXIONT

FIOURE «

Among the 1000 survivors who were using safety belts, 240 sustained
some injury of the lower torso.' Upon examination of these 240 cases we find
that there were 116 Instances of lumbsr spine Injury, 33 instances of intra-
abdominal injury and 80 lnstances of bruises, contusions or tenderness of the

] FOR DETAILED DATA ON THZ TYPES AND NUMBER OF LOWER TORSO INJURIES SUSTAINED, SEE APPENDIX 2.
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hips and/or abdomen. These 80 cases glve 80 tangidle evidencos of severe snve-

bing sction by sefety belts, and are used In the comparisons and atatistizs!
tests which follow.

7able |, bdelow, records data on the occurrence of Intra-abdominal In-
jury both wit: and without evidence of severe snubbling actlion.

TABLE |

The Occurrence of |n‘ra-Abdominal Injury In
Relatlon to Sevore Snubbling Actlon by Safety Belts

v

NUMBER OF SURY!VORS WITHOUT H ¥iTn ToTAL NuMmaER
INTRA-ABDOMINAL INTRA-ABDOMINAL OF SURVIVORS USsInG
INnJury INJURY SAfFETY BELTS

WiTMouT EviDaNCE OF
SEVERE SNUBBING ACTION 891 28 (3.2%) 920

hllvn EVIDENCE OF
SEVERE SNUSGING LETION 76 4 {5.0%) 80

TOTAL 967 33 1000

fable | ahows that intre-sbdominal Injury occurred withrvt evidence of
severe saubbing action (druisea, contuelons, tenderness of hips and/or abdomen)
among 3.2% of the survivors. Intra-abdominal Injury occurred wi?A evidence of
snubbling act!on among 5% of the survivors. Thus, intra-atdominal Injurles occur
with nearly equal frequency - 3.2% versus 5% - elther with or without evidence
of severe snubbling actlion. The slight difference between these two frequencies
or percentiges was statistically tested (4PPEND/X 3, test |) and the results
of this test confirmed the evidence that fhrere /s no significant correlation

between severe snubbing sction of safety Leifs (as doaunstrated by bruises,

contusions or tenderness of hips and/or abdomen) and the occurrence of intrae-
abdominel injury,

The same procedure was applled to see whether there was a relationship
tetween severe snubbing actlion of belts and the occurrence of lumbar spine In-

jurles. Table || shows the occurrence of tals type of injury both with andwith-

out evigance of severe snpubbing actlon- — i e

TABLE I
Tne Occurrence of Lumbar Spine Injury in
Relation to Severe Snubbing Action By Safety Belts
NUMBER OF SURYVYIVORS TOTAL NUMBER
WITHOUTY WiTh OF SURVIVORS USING
LuMBAR SPINE INJURY LUMBAR SPINE INJURY SAFETY BELTS

WITHOUT EVIDENCE DF
SEVERE SNUBWING ACT 0N 81 109 (11.8%) 920
WiTh EVIDENCE OF
SEVERE SNUBBING ACTIDN 73 7 ( 8.8%) 80

TOTAL 884 116 1000
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It will be obscrved that luabar spine injuriec occurring withou? evi-
dence of severe snudbbing actionwere sustained by 109 out of 920 - t1.8% - of
the survivors. Luvbar spine Injuries occurring w/th evidance of sevuore srub-
bing action was sustained by 7 out of 80 - 8.8% - of the survivors. Thus, lum-
bar spine injuries occur with nearly equal fraquency - there is only a 3% dif-
farence - either with or without evidence of severe snubbing action by safety
belts. The siight difference between these two frequencies or percentages wes
statistically tested (4PPeEND/X 3, test 2) sad it was found that fhere +s no
significant correlation between ths severe srubbing action of safety belts and
the occurrence of Ilumbaer spine dasige.

Since neither intra-avoominai nor lumbar spine injuries correiate with
sevare snubdbing action it is clearly suggested that some factor other thar the
safety belt is responsible for their production. A ciue to the nature of this
factor would be previdad if it ware found that intra-a2bdominal injuries and ium-
bar spine injuries are £eleted fto sach ather. Table 11} shows the occurrence of
lumbar spine injury both with end without the occurrence of intra-abdoainal in-
jury.

TABLE i1

The Oczurrence of Lumbar Spine injury in
Relation to the Occurrence of intra-Abdominal! Injury

NUMBER OF SURYIVORS TOTAL NuUMBER
wWITrouY wWiTH OF SURVIVORS USING
LUMBAR SPINE INJURY LUMBAR SPINE (NMJURY SAFETY BELTS

WITHOUT [NTRA.ABDOM INAY
insuay 862 105 (10.9%) 967

WITH INTRA-ABDOMINAL
InJuny 22 " (33.3%; 33

TOTAL 884 16 1000

Table jii shows that iumbar spine injuries occurred ws/thovt intra-ab-

dominal injuries among 10.94 of Lhe survivors, whereas juadar spine ijeTiTs
occurred with intra-abdominal injuries among 33.3% of the survivors. This
merkad ditference in the frequency of lumbar spine injuries - a difference of
22.8%% - suggests that lumbar spine injurias and intra-abdoainai injuries are
interrelated. A statistical test (4PPEND/x 3, test 3) was therefore undertaken
to determine the extent to which chence dictated this 22.4% difference. it vas
found that chance would account for the difference in iess than | in 000 cascs.
Therefore we have statistical evidence that threre 13 o strong relationship be-
tween the incidence of intra-abdominasl injuries and the occurrence of lumsbar

$pine in juries,

Statistical evidance of a ralatlonship between iumbar spine and intra-
abdominal injuries is extremely helpful in discovering the cause of these in-
juriei. The next step is to rind e factor which is common to bol’h types of in-
jury. Eramination of the nature of lumbar spine injuries showed that these con-
sist chiefly of ccoprassson fractures. This implied that severe vertical forces
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acted on the spinal colven, Later on in this study - in tha sestion which ex-
amines tha relationship of injuries to principal diractions of cvash force -
i1t wvill be sean that both intra-abdominal iaiuries and lumbar soine injuricse
are strongly related to vertically acting fo:ce. At the present point in the
development of this study, however, it was only important to establish that
the snubbing action of safety beits was not an Important factor in producing
intra-abdomingl injurles or lumbar spine injuries. Further examination of sc-
cident-injury factors such as the use of the belt and its effectiveness, as
woll as the direction cf crash force, must be undertaken to determine csuses
of thesa and other torso iInjuries - 23 well as injuries in other body areas.
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AMALYSIS
(continyed)

PART (/. Causes of Torso injury

it has been established by CiR's accident-injury analyses that bruises,
contusions and areas of tenderness of the hips and/or abdomen usuzlly sre
directly attritutable to safety belts. Among 40 out of 1039 survivors these
belit-csused injuries occurred. However, there are many torso injuries susteined
In crashes which may be attributod to the beit - /ndirect/y. For examole, Iif
only a safety beit is used (and the bcdy is nct restrained by shoulder harness)
the safety tult may cause the torso to jackknife (i.e., hirnge =t the hnips),
flalli forward and strike odjeccts. In such cases the body may sustain a drrev?
injury from the snubbing action of the beit, and simultaneously may sustain in-
juries sngirezt/y attridbutable to the belt as 2 result of the pivoting or flail-
ing action. Thus, contusions and puncture wounds of the chest, fractured ribse,
‘rtra-thoracic injuries, etc., can be considered as /ndirect/y related to the
snubbing action of the safety beit - bu? not directiy attributable to the belt,

in addition to injuries related directly - or indirectly - to the belt,
there are some types of lower torso injury which %ave no relatiun to the bdeit
at aiil; they occur without relationship to enubbipng 2ctjion of the eafsty belt
or to the flailing action which the safety belt induces. iniuries of the buwt-
tocks, perineus and genitalia, for example, can be cauvsed by control sticks or
by seats deforming and presenting broken, sharp edges. Similariy, puncture
wounds and lacerations of the abdomen occasionally are inflicted by broken
“$tructures or by push-pull tubes from which control wheels have shearad.

in addition there may be sn,urses, such as pelvic, spinal and internal
injuries, cavsed by severe ,solt [vads transmilted to the LoCy by 3edfs and sup-
porting structfures;, these types of injury often occur without any sligns of se-
vere snubbing action of the belt (i.e., bruises, contusions or areas of tender-
ness of hirs and/or abdomen) and without svidence i+ the accident itself that

__the body was thrown forclbly against any other object or structure.— . —- -

in examining causes of lower torso injury among 1000 belt-using survi-
vors, there were some injuries for which causes could nof be readllyascertalnedﬁ
Howsver, these cases were rare - 2.9% of the cases. in most instances there was
littie difficulty in assigning lower torso injuries to one of three categorlas:

(i) those caused directiy oy the beit;

{2) those caused by contact with speciiic
objects and stryctures;

(3) those caused by Jolt loads acting
through seats.

: Stt APPENDIX & FOR CLASSLS AND TYPES OF LOWER TORSO IMJURICS ACCGRCING TO "CAUSE’.
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Since most causes of injuries could be assigned to these three cste-
gories, thc percentage of cases in which safety belts were s direc? cause of
lover torso iInjury could be calculated. For purposes of convenience iIn the
analysis which foliows, lower torso injuries caused directly by the belt are
referred to as "belt-cavsed” snd Injuries cavssd ¢/7hes by objects and struc-
tures or by jolt loads sre referred to as "non-belt-cavsed".

When the 240 cases of lower torso injuries - including lumbar spine
injuries - were talited, it was found that:

30.4% were "belt-czused”:
€6.7% weres "non-belt-caused”;

2.9% were caused by conditions which
which could not be rcasonably
detarmined.

in suemary, the data thus show that the safely belt is a direc? cause
of Injury to the /owe- forso on/y, amnd that among ths 000 !njured safety-belt-
wearing survivors there were 240 cases of lower torso injury with 73 - or 30.%%~ -
cf these being "belt-csused”. Although 30.4% seems o be a considerable propor-
tion, It is significant to note that 64 out of these 73 cases - 87% - consisted

-onlyof bruises, contustons or arexs of tenderness of hips and/or abdomen. A~

true asscssment of the dongerscsness of saftety beles should ba based on serious
or critical (éangerous-to-lifa) injuries which ara "belt-caused”.

it was found that asong the dangerovs-to-life, "belt-caused” Injuries,
3 were caaes of intra-abdominal injury! and 8 weara cases :f lumhar splne lnjury ___ __
which had been ciassified as "belt-caused” on the basis of external evidence of
severe snubbing action. Thus, 9 ouvut of /000 belt-users - or nine/tenths of one
percent of the survivors - Aad dengerovs /ower torsc injuries for which the
safety bel?t could reasonably be considered as o direc?! cevse.

The next step in the ssscysmsnt of the dangerousness of safety belts
was to compars "hbalt-.causs=d® wlth "non-bglit-caused® dangercus lower toiso in-
juries. Table IY shows the derivation of these percentages.

L OF Thi 1038 SuRVIVORS, 306 - NCASLY 30% - CERE “SCFIOUILY’ OF "CRITICALLY® INJURED, AND AT

LEASY 37 OF TMESL SURYIYGRS WERE REPOMRTED VO KAVE DITD SUBSEQUENT.Y. |N THESE CASES ., CAUSES
Cf DESTH WEZ2E APPARENT WITHOUT NEED OF AUTOPBY, AMD MEOICAL DATA WERE SUFFICIENTLY DETAILED
TO COMZIRut AN EXTAEMILY LOW INCIOENCE OF (NTRA-ABUOMINAL INJURIES .

S
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TABLE

Iy

The Occurrence of Dangerous iower Torso injuries
in Relstion tc "Belt-Ceuse”® and "Non-Belt-Cause”

NUMBER OF SURVIVCRS

WiTNOUT
Dancerous

LowER TCRSO INJURIES

WITH

DANGEROUS

LOWER TORSO INMJURIES

TOoTaAL Numatr of
BELT.WEARING SURVIVORS
Wit Lowtir TORSO INJURIES

WiITH ‘BELT.CAUSZD®
LowER YORSS INMJURIES 64 9 {(12.3%) 73
WITH ‘NOR.BELT.CayusED’
Lowze TORSO INMJURIES 72 88 (55.0%) 160
YOTAL 136 87 233
_J
it can be seen in Table |V that a far greater percentage of survivors

had "non-belt-caused® dangecrous lower torso injuries.

A chl-square test ex-

aeining the difference betwzen the propcrtions of "belt-caused” and "non-belt-

caused® dangsrcus lower torso injuries (4PPENDIX 3,
injuriss of the lower torso are associated with objects and

that dangerous

test 4)

ind icated clearly

structures or with jo!t force transmitted through seats « rather than with the

safety belt.

The P-value ylelded by the test was less than .00), so that the

more than 40% difference bdotwean the two percantages would occur by chance In

tess than |

in 1000 similar

instances.

it can therefore be predicted on a opa-

sis of this test that in survivable lightplane accidents occurring in the ‘
future - unless existing conditions are altuored - dangerovs injuries of the /o-

wer torse will associarte with objezts snd structures or 40/t loads

through seats

- rather than with safety belts.
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Percontages of Survivor-Injury Accordirg to Belt Use or Non-Use

SURYIVERS USING BELTS [ o =
SURYIVURES 2T USING BE LTS envavawrwawr v wrs

- e rev——

. m— e St

A'l?éx TYPE OF INJURY PERCENTAGE OF SURVIVORS iNJURED
0 o] 40 €0 80 I?O
| | | |
ANY INJURY OF THE HEAO (38.2%)
3 vttt et sttt ot s ettt PP Pt (B4 .6%)
T IDANGEROUS - TO.LIPc HEAD IMJURIES jrasssmmmmen (15.3%)
| (41.0%)
ANY INJURY OF THE NECK {6.0%)
- JLEERVICAL SPINE !NJURICS (7.7%)
@ | ymcrvoco)
=
IMJURIES OF TME NECK ®#1THOUY (3.6%)
CORVICAL SPINE INJURIES brawre  (5.1%;
ANY $24NE INJURY peenesamesems( | 6 . 0%)
(CERVICAL, DONSAL, LUMBSaR) e e (10.3%)
DANGEROUS -TC-LITE SPINME INJURIES (10.0%)
(CERVICAL, OOQRSAL., LUMBAR) ( 5.9%;
wl
J| OAXY INJURY OF THE CERYICAL SPIME
a
(-]
ANY IKJURY OF THE OORSAL SPINE
ANY INJURY OF THE LUNMBSAR SPINE %)
%)
JAMY 1%JURY OF UPPER YORSS (22.0%)
(OGRSAL SPINE INJURIES INCLUOEOD) (15.4%)
o |[INJuRIES OF DORSAL SPINE OMLY (2.3%)
g (MO OTHER UPPER TORSO IMJURIES) {2.6%)
= [INJURIES OF OORSAL SPINF WITH ( .6%)
ar [OTHER UPPER TORSO IMJURIES (2.6%)
&
& [INJuniES OF UPPER TORSO (17.1%)
2 lwiTyouY DORSAL SFIME INJURIFS — (10.3a%)___ __ T .
IMTRA -THORACIC iIMJIURIES
( O% )
ANY IMJURY OF LOWER TORSO {24 .0%)
{LUMBAR SPiNE INJURIES INCLUOEO) (20.5%)
O |[INJURTIES OF LUMBAR SPINE OMLY (9.5%}
g (MO OYMER LOYER T0RSO INJURIES) Loy {2.6%)
™ {INJURIES OF LUMBAR SPINE ®iTH
& JOTHER LOWER TOWSO INJURIES
§ INJURIES OF LOWER YORSO (12.4%)
PITHOUT LUMBAR SPINME INJURIES (15.4%)
INTRA-ABOOMINAL INJURIES
FlGURE £
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" derlved from the two Chi-square tests on head Injuries are less than .00i, and 3

g et - -

ANALYS!S

{continuad)

PART /1i; Relationship bstween the Occurrencs of injury
and Use or Non-Use of Safety Delts

As a further basls for eva'iation of tha parforsanca of safety beltas, ‘
tha fracusncy of Injury of survivors using and not using belts was studlad. Of
the 1038 survivors whose accident-injury regorts w2re analyzed for znls study !
1000 used balta and 39 did not. While a sample of 39 might sees to be 2 small
ona to use in comparisons, the statistical messuras amployed here!ln accord ¢ |
vallidity to the analytical results obtained fros small samples. ' ]

To examine InjJury frequanclies when bolis were used and were not used,
taellles wore first sade of torso, nack, spina and head Injuries azong the two
groups of survivors. Flgure 5 shows how Injuries to each of these gross body
arezs were broken down into sub-categories, and presents the percentage of
bett-users and non-users sustalning sach category of Injury.

it will imsmedlately be noted that fAe percentage of torsoc, nreck and :
spine injurles susteined dy both del?t vsers and non-users (s similar; In no
Instanca did-the frequency of Injury diffar by more than 6.9%. This similarity
of Injury frequancy appesred for all categories of injury to the torso, neck
and spine. It Iis notable, however, that there was a wide difference in_the fre-
quoncy of head Injury between belt users and non-uvaers, with a remarkably high :
frequency of head Injury when belts xere rot used.

Yt

i b

Chl-square tests (4PPEND/IX 2, tests 5-23) were used to examine all dif-
ferences between frequencies of Injury; these tasls showed that nowhere smong 3
the injury cstegories was there any sign that use or the bel?t inc. ée2secd the ?
freoyency of inqjuries of the forso, nech or spine, By contrast, the statistlical
tests showed that a// types of head damage, as we!l as dangerous head injuries, g
ere associated with ang are ircreased by non-uyse of safety belts. Tha Pavaluas . — - -

therefore demonstrate that chance would dictate the differances in injury fre-

quency in less than 1 In 1000 cases. Thus, ths Increase in head i1njury frequen-

cy is governed by the fact that safety belts were not used. Nevertheless - even

though use of sarety belts decresses chances of head injury - the fact thst

there were 382 hgad lajurics among iG00 belt-using survivors shows that satety

beits a/one do not glve much protection against head Injury. g

The influence which use or non-use of safety belts has on the occurrence
of eny serious or critical injury of the body as a4 whcl/e can now be considered.
Table Y shows the numbers of survivors with serlous (5°) and critical (6°) head
and body injuries in accordance wlth belt use or non-use.

'ALL CH1-SQUARE TESTS USED N THIS STUOY EMPLOY YATES® CORRECTION FCR CONTIMNUSITY,
(See APFENDIX 2).
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TABLE v

The Occurrence of Serious and Critical {nlurles
cf the Head and Budy in Relation to Use or Horn-use of Sslts

NUMBFR OF SURVIVCKS wWITHOUT WiTH TOTAL NuMmeER
SerIOUS OK CmiiicCar SERIGUS OR CRITICAL 14
HEAD ANC BCDY INJURIES|NEAC AND BOGCY I1NJURIFS SURVLIvOSRsS
USINC SAFETY BeELTS 7S 28% (28.5%) 1000
=
NOT USING SAFETY BELTS 18 21 (53.8%) 39
TOTAL 733 306 103%

It will be seen that the percentage of survivors serlously end criti-
cally Injured when no? using belts is far greater than the percentape of aur-
vivors serlously and critically Injured whan using belts, The 25.3% difference
In the frequancy of these dangerous-to-life Injurles when belts were not used
was analyzed statistically (arrewDiX 3, test 24) and It was found that serious
and critical cdegraes of Aead ond body injury ere essociated with end increased
by not using safery be/ts, The P-value here Is less than .00i, desonstrating

that chance dictates the difference in Injury frequency In less than | in {000
cases. Thus, an Increase In dangerous (serious and critical) head and body In-
jurles Is governed by whether or not a safety belt Is used, and the inescapabls
conclusion Is reached that greater overell protection for ?he head end body
from dengerous injuries i3 provided by the use of serfety belts,
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ANALYSIS
(continued)

PARr tv: Relstionship between the Occurranca of injury
and Fallura of Safaty Belt installations

The statistical evidence pressntad thus far has shown that fhe use orf
sarery belts is not dangerovs, and effords protection to the body 2s & whoie -
without respact to whether the safety belt Installations remained intact or
falled. Tha question therefore arises as to =*=2thar injuries are increasad by
fallura of safety belt Installations. To test this question, the frequency of
injurles among the 722 survivors whose ¢!t installations remained intact! was
comparad with the frequancy of injurles among the 22/ sur-svors whose delt in.
stallations railed, (Sea Sectlon | for detailed data on types of belt installa-
tion fallures.) The safety belts involved In thls study are mostly of tha type
with a loop-holdling capacity of 2000 pounds, i.a., 1000 pounds in straight
tansion {sce Figure 6).

—
>

t000 FIGURE &
8

A SAFETY BLLT CAPABLE UF WITHSTAND ING
A 1500 (B, AULL 1N STRAIGHT TENSION (A)
wilL MAYE A ~LOOP-HOLDING CAPACITY* OF 2000 i8S.
IN & BODY-BLOCK TEST (B)
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B80ODY
AREA

HEAD

NECK

UPPER TORSO SPIKE

LMER TORSO

Percentages of Survivor-Injury According to Belt-Installation

TYPE OF INJURY

Intactness or Failure

SURVIVORS whose Selt-installa®ion was |NTACT s
Pt e

SURYIVORS whose Belt-Installation FAILED

PERCENTAGE OF SURYIVYORS

INJURED

Q 20 40

ANY INJJURY DF THE HEAD

ANY DANGEROUS -TD.LIFE
HEAD INJURY

N W .

PP P N

60

80 l?\)

|

(76.5%)

m (10.1%)
(29.4%)

ANY (INJURY DF THE MECK (5. 1%}
(CERVICAL SPINE IMJURICLS (8.1%)
IMcLuoep )
INJURIES OF THMC MECK WIT' .. 7 [ ¥ 13.5%)
CERVICAL SPINE (NJURILS (4.5%)
AHY SPINE INJURY {15.9%5%)
(CERVICAL, DORSAL. LUMBAR) (14.9%)
ANY DANGERQUS-TO-LIFE SPINE (IN. (9.3%)
JURY (CERVICAL. DORSAL, iUMBAYN) (9.5%)
AMY IMJURY OF THE CCRVICAL SPINE (1.7%)

(3.5%)
ANY INJURY DF THME DORSAL SPINE (2.8%)

(2.3%)
ANY [KJURY DF THE LUMBAR SPINE (3.3%)

. a2 - e (38.0%)

ANY INJURY OF UPPER TORSO

(porsaL sPine ixJumie

_—— (17.7%)
s 1NCLUDED) {(31.7%)

INJUKIES OF DORSAL SPINE ONLY (2.1%)

(%O OTHER UPPER. TORSO

INJURIES) b (2.3%)

INJURIES OF LORSAL SPINE WITKH b { .7%)

OTHER UPPER TORSO INJ

INJumigzs OF UPPER TOR

DORSAL SPINE INJURIES

INTRA .THORACIC INJURL

ANY ([N.JURY OF LOWEZR TORSO

(LUNMBAR SPINE (NJURIE

INJURIES OF LUMBAR SP

uRies (-ox )

SO WITHOUTY
(29 .4%)

pomssesmme (16.8%)

$ INCLUDED) havmAvravrmnrnrnrrnrn st r s (46 6%}

iNE OMLY (2.5%)
(NO OTMER LOWEZR TORSO INJURIES) :uwm (33.0%)

INJURIZS OF LUMBAR 8P
OTHNER LOWEZA VDRSO (MJ

InJuriEs OF LOWEIR TOR
WITHOUT LUMBAR SPINE

INTRA-AB0OMINAL INJURILS

INE WITH { .8%)

Lhies (4.9%)

$0 (10.9%)
InNJumies (16.7%)
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Figure 7 shows the frequaouncy wlth which various clsssee of torso, neck,
spine and heed Injury occurred, ascording to whether belt installstions remain-
ed Intact or fa!led. inepection of thls figure Immediately Indicotes that fail-
ure of safety bdelt Instsllations has a strong Influence on changing the over-
all pattern of survivor Injury, Differancee Iin injury frequencies when belt in-
stallations remaired intsct or failod were statlstically examinad (ePPfwO/X 3,
tests 25-43), and it wse found thst while certaln injury categorics sra not
sffected by safety belt installation fallures, there are important categories
which are significantly related to this varlable. in particulsr, it was shown
that:

(i) injuries of the upper and the lower torso - with or without
injJuries of the spine -~ are associated with and incressed by
failure of ssfety belt installations.

(2) The occurrence ¢f reck and/or cervical spine injuries !s not
related ioc fallure of belt Installations.

(3) Frequencies of Injury to the dorsal! spine are simllar whether
belt installations fall or remaln Intact, Sut injurles of the
lumbar splne increese when bolt installstions fall,

(4) Intra-ebdominal injuries sre eesoclated with and increesed by
belt installetion fallure.

{6) intre-thorecic injurlee tend to associate with belt installe-
tion failure.

(6) HKead damagee of el degreees, as well ee dengeroue degreece of
heed injury, Increese with the fellure of eafety belt Instel-
1stlons.

The effect which failure of safety belt installations has on the oc-
currence of serious (5°) and critical (62) injuries of the head and body was
next examined. Table Vi shows the nuaber of survivors with serious and criti-
cal head and body injuries in relatlon to failure of safety belt installations.

TABLE Vi

The Occurrence of Serlious and Critical injuries
of the Head and Body in Relation to Effectiveness of Safety Belt Installations

NUMBER OF SURVIVORS WiTHOUTY WiTH TovaL Numeesn
SERIOUS OR CRITiCAL SeErtous or CriTiCAL or
HEAO ANO BOOY INJURIES|HEAO AND BODY INJURIES SumrvivoRs

WHoee BELY INSYALLA.
TIONS REMAINED INTACT 556 166 (23.0%) 722

[WHosE BELY
INsTaLLATIONS FAILED 133 88 (39.8%) 221

TOTAL 669 254 943

Although thar2 vere 1000 belt-uslng survivors,
data cn 52 cr2 not used here; in these 57 cases,
seals pulled °ree, So that effectiveness of
salety belt incttsllations was uncertain.




{t will be seen that 23.C% of accident survivors sustalned serious or
critical (dangerous-to-life) head and body Injurles when their belt installa-
tlons were effeclive; on the other hand, 39,8% of the survivors whone belt in-
stallations falled sustained dangerous-to-life head and body injuries. A stati-
stical test (4PPenDIX 3, test W4) conflrmed the indlcatlon that serrous sng
criticel injuries of the head and boady are associated with and increased by
failuro of sefely belt instelletions.

The statistical evidence frow this and previcus tests show beyond a
doubt that errectiveness of sefety belr installstions provides proteztion 1n
eccidents, rfeilure of serfety belt itnstellations significantly tncreasses expo-
sSure fto dengerous crash injuries,
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ARALYS S
(cont inued)

PART ¥: Relationship between the Occurrence of injury
and Principal Direction in which Crast Force Acts

it has been previously noted that there were many cases of injury a-
mong the survivors which could not be attributed to either the safety belt or
to any specific object or structure. in these cases, the survivors had sus-
tained intra-abdominal and/or spinal injuries, but had no evidence of any ex-
ternal bruises, contusions or areas of tendernass which could be tracad to
structure or to the snubbing action of the safety delt as csusative factors.
Significantly, it was found (see Section i, Part j} that the occurrence of
intra-abdominal injuries ia associated with the occurrence of lumbar gpine In-
juries. it waa therefore considered likely that some other factor - not ore-
viously examined - accounted for the occurrence of these injuries.

Since a large proportion of torso injuries ~vere comoression fractures
of the dcrssl and lumbar spines, it was susvected that forces acting vertically
through the seats might de responsible for these - and other types - of inju-
riea. To test vhis aasumption it was necessary to make comparisons between tne
frequency of injuries in the presence of forces acting vertically through the
seats and of those occurring when "longitudinally” acting forces were preaent.

it is, of coursa, common knowledge that decelerative forces acting
during a8 crash are multiple in direction. There is, however, generally a
principe! for.o which exceeds all the other forces in magnitude, and which de-
termines the resultant or vector. for example, let us assuse that a plane makoa
a crash landing with the nose almost level (see Figure 8). The force acting
verticslly through the flonr and seats is far greater than the longitudinal
force opposing the forward movement of the plane. Also, should the plane crash
with one wing iow, a lateral component of force might be introduced, but this
force probably would be exceeded by the vertically acting force. The direction
of forcs in this crash would therefore be considered to be principally vertical.

in extracting caaes for comparison, those in which the principal force
acted chiefly in a vertical direction through the seats were placed in one
group. There were {6 survivors in crashes of this type. Casea in which the
principal resultant or vector force was nearly parallel to the longitudina! ax-
is of the plane were put in another - orincipally longitudinal force group -
(see Figure §). There were 550 survivora in accidents where the force was prin-
cipally longitudinal.

li direction of crash force is a definite injury-producing factor, it
might be expected that the head would be more frequently injured in accidents
which involve crash forces acting principally in a "longitudinal® direction -
since longitudinal force impliea that the head will continue its forward "line
of flight® and come into forcible contact with objects and structures. To test
this assumption the ~umber 0° survivors austaining hesd injury was obtained

i8
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from each of the “wu groups. Table Yii shows the frequency of #// degrees of
head damage; Table Yiii shows the frequency of serious and critical degress of

head

injury, with respect to directions of crash force.

TABLE Vv I!
The Occurrence of Head Damage in

Relation to Principal Directions of Cr.sh Force

NUMBER OF SURVIVORS

ToTaL NumseRr

WiTHOUT WiTh oF
HEAO Damace Heao Damace SURVIVORS
IN "LONGITUOINAL
FORCE®' CRASHES 95 435 {(83.6%) 580
IN *VERTicAL Fonrce'
CRaSHES 30 86 (74.1%) 116
TOTAL 125 571 698

Tagi

Yitl

The Occurrence of Serious and Criticai Head injuries
in Reiation to Principal Directions of Crash Force

INUMBER OF SURVVORS

WiTHOUT

Wi

TOTAL NUMBER

SERIOUS OR CRITICAL SERIOUS OR CRITICAL oF
HEAO INJURIES HEAO INJURIES SURVIVORS
iN "LoNGITUOINAL
FoRce® CRASNES 47s 105 (18.1%) 580
tm ‘VeErTiCaL Fomce'
CRASMES 104 12 (10.3%) 116
TOTAL 579 117 636

Examination of Tables Vi{ and Viii shows that the frequency of all de-

grees of head damage, as well as seriovs and critical

juries of the head,
The suggestion

(dangerous-to-1ife) in-

Is /ess In crashes involving principally vertical force.

is definite that the occurrence of head

injuries decresses un-

der conditions of vertical crash force. This suggestion was statistically

tested (4porwvprx 3,

it was found thot

injuri-s

of the

tests 45 and 46) and

220 Ll o

head, including dengerous-to-/ife head injuries, ore signifizantly decressed
when the direction of crash force is principally verticel/, Thus, the converse
is also true: heod rnjuries ere increased when the direction of crash force
is princrpally longitudinal, and we find valid statistical evidence demonstra-
ting that direction of crash force is a significant factor in the production
of injury. It is therefore desirable to observe whether direction of crash
force has any assoclation with serious and criticel/ injuries of the head and
body. Tabie X shows the number of survivors in each direction of force group
sustaining these dangerous-to-life injuries.

20
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F/GURE 10

SYRVIVORS in °"vertical Force® CRASHES P
TYPE OF INJURY PERCENTAGE OF SURVIYGRS INJURED
0 20 40 60 80
! | ! |
ANY INJURY OF TME MECK (6.4%)
(CERYICAL SPINE INJURIES (5.2%)
INCLUDED)
INJURIES OF THME NECK WITHOUT F {3.8%)
CERVICAL SPINE INJURIES o~ (2.6%)
ANY SPINE INJURY b {(6.7%)
(CERvICAL. OORSAL, LUMBAR'® {48.3%)
ANY OAMGEROUS-TO-LIFE SPINE IN- Joam (3.3%)
JURY (CERVICAL, DORSAL, LUMBAR) (36.2%)
ANY (MJURY OF THE CERYICAL SPINC (2.6%)
{(1.7%)
ANY INJURY OF THE CORSAL SPINE { .9%)
{(9.5%)
AMY INJURY OF TME LUMBAR SPINE {3.3%)
PV S ) (40.5%)
ANY INIJURY OF UPPER TORSO {21.0%)
{CORSAL SPINE INJURIES mcwor.o)m (22 . 4%)
INJURIES OF OORSAL SPINE ONLY 3 ( .7%)
(NO OTHER UFPER TORSO INJURIES) prwrws (7.8%)
INJURIES OF DORSAL SPINE WITH ( .2%)
OTMER UPPER TORSO INJURIES b (1.7%)
INJURIES OF UP/ER TORSO unuouYL_ (20.2%)
OORSAL SPINE INJURIES [ (12.9%)
INTRA -TNORACIC INJURIES | 12.9%)
b ( .9%)
ANY INJURY OF LOYER TORSO e (14.7%)
(LUMBAR SPINE INJURIES INCLUOED) PP Pt P e P Pt (55.2%)
INJURIES OF LUMBAR SPINE ONLY h (2.2%)
(X0 OTHER LOWER TORSO INJURIES) L (34, 5%)
INJURIES OF LUMBAR SPINE ®1TH b ( .95%)
OTHER LOWER TOWIO ImJuURIES e (8.5%)
INJURIES OF LOBER TORSO WITHOUT (11.9%)
LUMBAR SPINE INJURIES (12.1%)
INTRA.ABDOMINAL INJURIES (2.8%)
horwrs (7 .8%)
21
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TABLE IX

The Occurrence of Serious and Critical Injuries of the Head and Body
in Rolation to Principai Directions of Cras’ Force

NUMBER OF SURVIVORS Wi THOUT LIRE] Totat NUMBER
Seri10US OR CRITICAL Serious 0~ CriTiCaAL oF
HEAD AnNO0 BOOY INJURIESIHEAD AND BOOY INJuURIES SurRvivoRs

In "LONGITUD INAL
Force® CRraswmes 430 150 (25.9%) s80

IN *VeErTicaL Force®
CRASHES -4 59 (50.9%) 116

TOGTAL 4387 209 696

it will be observed that 150 out of 580 (25.9%) of the survivora in
crashes involving longitudinal force sustained serious and critical injuries;

"59 out of ii6 (50.9%) of the aurvivors in crashes involving vertical force

avatained serioua and critical injuries. Thia increase of 25% clearly suggasts
that aerious and critical head and body injuries are increased when the craah
forca ia principally vertical. The Chi-aquare test (4PPenDix 3, test 47) provea
that serious and critical injuries of the head and body ere sssociated with
and incressed by principelly vertical crash force. This finding muat ba viewed
with aome caution: it ahould not be interpreted to mean that "vertical force”
crashes as a class are more dangarouva than "longitudinal force" craahea. A
large numder of ®vertical force" craahes are ao minor in nature that no inju-
riaa are sustained - so that theae crashes are not reported to CiR for inclu-
alon In accident-injury atudiea.

Aa the atatistical evidence demonatrates that "vertical force® is a
distinct factor in endangering the body in craahes, it would be deairable to
determine which apecific classea of injury are aasociated with this force.
Figure i0 shows the percentagea of survivors sustaining varying categories of
torao, neck and apine injuries when crash forces acted in a principally verti-
cal or in a principally longitudinal direction.

When the differencea in frequency of injury are analyzed (teata %8-6%),
it iv found that vertically acting force is a s ignificant fector relative fto
certein categories of injury; the occurrence of the following injuries was

found (o0 rncresse |n the prasence of principally vartical crash forces:

i« Dangerova-to-life injuries of the
spina as a unit;

2. All types of lumbar apine injuriea;
3. All types of dorsal spine injuries;

8. intra-abdominal injuriea.

22
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The importance of these statistical findings on direction of crash
force as a factor in the occurrence of injury cannnt be oserestimated. The
findings strongly suggest a need for developing structures which will absorb
and cushion vertically acting crash forces. This might be achieved through de-
sigr of landing gear (with energy-absorbing rather than abrupil collapse chs-
rscteristics) integrated with improved design of energy absorbing structures
in the hull, floor and seats. Efforts in this direction could effcctively re-
duce exposure to injuries of the dorsal and lumbar spines, ss well as the
chances of sustaining intra-abdomins! injuries.

23
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SECTION 111

SUMMARY AND RECOMMENDATIONS

The concept that lap-type safety belts used in civil aircraft are
dangerous and frequentiy cause injuries is not supported by the results of
this statistical study. A consistent, coherent and logical body of evidence -
drawn from statistical analyses of accident and injury data from severe but
survivabie liyhtplane crashes - shows that (i) safety belts are a very infre-
guent cause of ‘njury and are nut "dangerous”; (2) safety peits provide pro-
tection for the body in crashes, and (3} injurias which may have seemed di-
rectly related to safety belts actually are determined by other factors such
as faiiure of safety beit installations and "verticaily acting"” crash forces.
These conciusions are based on the foliowing majcr findings:

i. Nearly 82% of forspo injuries are not caused directly by the safety
bclit. 0f the 73 injuries among 1000 survivors which were directiy
attributabie to safety belts, 64 - 87% - consisted of injuries of
a minor nature: bruises, contusions or tenderness of the hips and/
or abdomen,

2. Severe snubbing action of safety belts - as evidenced by 80 in-
stances of bruises, contusions or tenderness of hips and/or abdo-

men - does not correlate significantly with the occurrence of intra-

abdominal injuries or lumbar spine injuriscs. However, these two
types of injury are related to each other, for the occurrence of
intra-abdominal injuries is associated with and increased by the
occurrence of lumbar spine injuries.

3. Serious and critical (dangerous-to-life) injuries of the lower
torso - intra-abdominal injuries and compression fractures of the
first two lumbar vertebrae - are related either to objects, struc-
tures or the transmittal of vertically acting forces, rather than
to the safety belt.

4. The frequency of injury to the neck, torso and spine is similar
when safety belts are used or are not used, whereas the frequency
of ail degrees of head injuries - including dangerous~to-iife head
injuries - is associated with and increcased by non-use of safety
belts. Non-use of safety belts also significantly increases the
chances of sustaining any serious or critical (dangerous-to-1life)
injury of the head or'gzzy.

5. Injuries of the upper and the lower torso are associated with and
increased by failure of safety belt installations.

6. Injuries of the lumbar spine and intra-abdominal injuries are as-

sociated with and increased by failure of safety belt instaliations,
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7. Belt installation failurez increase tho occurrence of ali tyn~s of
head damage, including seriouvs ansd critical! dagrees of damage.

8. The chences of sustainiang any serious or critica! (dangarocus-to-
life; injury of the head or body are incrorsed significantly when
safety beit irztzllations fail.

9. Head injuries, although decreaaed by ine use of safety belts, are
significantly associated with and increased by principally "longi-
tudinal” crash icrces.

10. Serious and critical (dangerous-to-life) Iinjuries of the head and
body are associated with and increased by principally "vertical"
crash forces. Principally "vertical®™ crash forces are a significant
factoi in the production of dangerous-to-life spine injuries, all
types of dorsal and !umbar spine damages, and intra-abdominal inju-
ries.

RECOMMENDATIONS

Provide safety belt instatlations (webbing, hardware, carry-through and
anchorage points) which will hold occupants in place under conditions of
crash force which leave cockpit and cabin structures reasonabiy intact.

For increaseJ protection in aircraft crashes, passengers should wear their
safety bolts.

Shoulder harness should be worn to prevent forcible contact of the head an?
upper torso with structures or objects having dangerous injury pootentials.

Engineering effort should be applied to designing landing gear, fuselage,

floor and seat structures to progressively absorb vertically acting crash
force.

Decelerations in many lightplane accidents studied by Crash injury

Research loaded standard 2-inch safety belts up to - and beyond - their ulti-
mate design strength. Decelerations of 20 to 30g were computed from impact vel-
ocities and stopping distances of the aircraft. Twenty-two percent of safety
belts (the mejority with a loop-holding capacity of 2000 1bs.) falled; nine-
tenths of one peurcent of survivors sustained dangerous inju. ies from the saub-
bing actlon of safety belts. The severity of such crash decelerations, and the

low

frequency of ssfecty-balt injurics, suggest that the conclusions in thisre-

port are applicable to similar safety belts under conditions of severe crash
deceleratlon in large transpnrt type aircraft.

plan
cras

CiR's computations of the magnitude of crash decelerations insmall
es have been confirmed unofficially by preliminary data from controlled
h testa of lightplanes conducted by the National Advisory Committee for

Aeronautica. in these NACA tests, mean decelerations of 259 occurred for .05
seconds, wlth peak loads between 30 and 359 for .02 seconds.
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APPENDIX [

THE SCOPE OF THE STUDY AKD THE SELECTiON OF CASES

!« Sources of Crash injury Research Data

Accident data used in this stvdy were extracted from accident re-
ports completed and forwarded to Crash injury Research by accident investi-
gators of the Civil Aerorautics Board, State Aeronautics Commissicny and Stete
Police organizations. Completed CiR accident-injury reports inciude photo-
graphs of general wreckage, the crash scene, cockpit and cabin interiors,
seats, seat attachments, control wheels and other objects which may have
caused injury. Medical data is based on reports by physicians and medical of-
ficers having charge of injured persons. These CiR medical reports request
specific statements with resgsct to bruises of the hips and abdomen from safe-
ty belts, evidence of internal injuries (abdominal and thoracic), chest inju-
ries cavsed by control wheels, and reriocds of unconsciousness with related
evidence of concussion.

2. General Nature of the Accidents Supplying Data

The crashes furnishing material for this study occurred in civilian
and surplus military aircraft having a« gross weight of i000 to 3500 pounds.
The accidents for the most part represent run-oi-the-mill survived/e crashes
in private flying with impact velocities ranging up to i0OC mph. included are
stall-spin accidents, vertical or high-angle collisions with the ground, im-
pact with the ground following collisions with trees or high tension wires,
cartwheeling accidents, low-angle accidents such as flying into snow covered
grou~d, belly landings, and other accidents incident to take-off, flight and
landing.

impact velocities and stopping distances in hundreds of severe
lightplane crashes analyzed by Crash injury Research suggested that survivors
had been exposed to average decelerations in the order ot 25g. Preliminary
data from three controlled lightplane crash tests conducted by the NMational
Advisory Committee for Aeronautics apparently substantiate Crash Injury Re-
search computations: these NACA data indicate that 50 mph spin-stall type
crashes of lightplanes produced decelerations in the order of 25 to 30g for’
approximately .05 seconds with rates of onset up to 15009 per second ~-without
extensive coilapse of cabin structures,

3. Elimination of Data Kot Pertinent to the Study

Elicinations were made from case records on i258 persons in CiR
files. These eliminations were made as follows:

fatalities: Records on persors killed in accidents were omitted from the study

26
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since complete autopsiss are rasrely performed on civilians vho are killed
in, or die ghortly after, aircraft accidents. Consequently, the validity of
post-morten data on fatally injurcd persons is often in deubt, particularly
with regard to injuries »f the spine, brain lesions, and other internal

damage.

"Minor® and "Extreme® Accidents: Records on persons involved in accidents classi-
fied by CiR as "minor" or "extreme"” in nature were el iminated. Accidents
termed "minor" are such that there is virtually no damage to the aircraft
and the degree of force involvaed is relatively negligiblc. Ususlly in
"minor” accidents there is no sianificant exposure to injury. Accidents on
the other end of the accident-severiiy scale - "extreme® accidents - often
are so severe as to involve virtual disintearation of both aircraft and
occupants, so that data is not usefui for studying causes of injury. The
cases remaining for study consisted, therefore, of "survivable® accidents -
ranging in severity from "moderate” to "extremely severe” - in which cock-
pit or cabin structures remained substantially intact.

Inadequate Evidence: Elimination of csses was mace when safety belts had been
burned, or when other evidence which might be helpful in determining injury
causes was destroyed. Also, cases which were not completely reported, either
in accident or medical details, were eliminated.

Yhe above eliminations left 1064 cases of survivors for study. From
these were eliminated the records of 25 survivors in whose cases it was un-
certain whether or not belts had been worn, or where shoulder harness had been

used.

The actual cases retained for study were 1039 in number. The 1039 sur-
vivors were involved in 670 crashes, and of these 1039 survivors i000 had used
their safety belts, and 39 had not.

For convenience in tallying, the 1039 case records were divided into
four almost equal sample groups. The method used in establishing these sam-
ple groups was identical with that prescribed by statisticians for CiIR's re-
port "The Site, Frequency and Dangerousness of Injury Sustained by 800 Survi-
vors of Lightplane Accidents”. The i039 cards representing i039 survivors were
sorted into 10 piles, ecach of which represented the final digit of the assigned
case number. These 10 piles were then dsalt out in sequence into four approxi-
mately equal groups. During the course of the study. when various talliies were
made, it was found - as had been expected from experience with the above-nemed
report - that each of the four samples in many respects resembled one another.
There is some suggestion that data such as thst explored in this report might
in the future be based on one small sample which is representative of the lar-
ger group of cases on file.

27




P o T T L Ame W

.-

— oy

- e

APPENDIX 2

INJURY DATA

I. A1l Degrees of Body Injury
INUMBER OF SURVIVORS WITH: 1000 USERS 39 Non.USERS ToTaL
ofF BeLTS oF BeLTs SuRvivoRs
HEAD ANY INJURY INVOLVING THE HEAO 797 34 831
NECK ANY INJURY OF THE MNECK (CEPV.SPINE INJ., INCLUDED) 60 3 63
INJURIES OF THME NECK Wi THOUT CERVICAL SPINE INJURY 36 i 38
ANY (KJURY OF TME UPPER TORSO (OORS.SPINE INJ.INCLUOED) 200 6 206
UPPER INJURIZT O OORSAL SPINE ONLY (NO OTHER U.TORS.INJURIES) 23 1 24
TORSO INJURIES OF DORSAL SPIHNE WITH OTHER U.TORSO INJURIES 6 \ 7
INJURIES OF UPSER TORSO WITHOUT OORSAL SPINF INJURIFS nm 4 175
ANY INJURY OF THE LOWER TORSO (LUMD.SPINE INJ. INCLUDED) 240 8 248
LOWER INJURIES OF LUMBAR SPINE ONLY (NOOTHER L.TORSO INJURIES) 95 ] 96
TORSO INJURIES OF LUMBAR SPINE WITH OTHER L.TORSO INJURIES 21 1 22
INJURIES OF LOWER TORSO WITHOUT LUMBAR SPINE INJURIES 124 6 130
hEXTRENln ANY FNJURY INVOLVING | OR MORE OF THE ARMS OR LEGS 590 24 614
ANY SPINE INJURY (CERVICAL, DORSAL OF LUMBAR 160 4 164
ANY INJURY OF THE LUMBAR SPINE 116 2 118
SPINE |aumy INJURY OF THE OORSAL SPINE 29 2 k]
ANY INJURY OF THE CERVICAL SPINE 24 1 25
2. Dangeroua Degrees of Body Injury
NUMBER OF SURVIVORS WITH: 1000 UsErs 39 Nom.-USERS ToTat
oF BELTS oF BELTS SURVIVORS
HEAD |OANGEROUS HEAO INJURIES (SKULL FWACTURES, BRAIN LESIONS . ) 153 16 i69
Urren
o 2
Torso INTRA . THORACIC INJURIES 22 Q 2
LORER 3 1 54
TORSO INTRA -ABOOM INAL INJURIES 3
SPINE [ANY OANGEROUS SPINE INJURY 100 2 102
E;;;:‘ ANY DANGEROUS INJURY IN ANY VITAL B0DY AREA 285 21 306
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APPENDIX 2

{cont inued)

3. Causes oi Lower Torso Injury Among 1000 Belt-Users

NUMSER OF SURVIVCAS wITH:

ANY INJURY OF THE LOYE® TORSO (L.SP.INJ, INCLUOED)
INJURIES OF THE LUMBAR SPINE OMLY (NO OTHER (NJURY)
IMJURIES OF THE LUMBAR SPINE WITH OTNER L.TORSO INJ.
IMJURIES OF LOWER TGRSO WITHOUTY LUMB.SPINE INJURIES
INJURIES TO THE BUTTOCKXS, PERIMEUM, GENITALIA
INJURIES YO THE PELVIC BONES AND/OR ARTICULATIONS
EXTERNAL INJURY, MIPS AND/OR ABDOMEN

IMTRA -ABDOMINAL INJURY

INJURY CAUSED BY

CONTACT wiTh
BELT |G hamswrerar| UNKNOWN TOTAL
OF FORCE
73 160 7 240
) 95 ) 9s
s " 2 21
65 4 5 124
o 27 0 27
0 30 0 30
64 1s ' 80
3 24 6 33

Al SN
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APPENDI X 3 F
STATISTICAL TESTS

The analysss used in this study are based cn Chi-square tests'. Repeated Chi-
square tests on the same dsta must be viewed with some caution. Since the significance level
used here would lesd tc errors once in 20 times under the Kull Hypothesis, and since *here
are 64 Chi-squares used, & few of the significant results might be misleading. However, a
notable feature of the data fur this report is the consistent, logical and coherent pattern
of evidence. Because of this pattern, the whole of the Chi-square evidence is stronger than
its individual parts.

Tests | snd 2

SEVYERE SNUBBiNG ACTjON
OF SAFETY BELTS

Test |

The Occurrence of intra-Abdominal injury in
Relation to Severe Snubbing Action By Safety Belts

NUMBER OF SURVIVORS WiTHOUT - BN FR 1T ToTAL NUMBER
INTYRA -ABOOMINAL INTRA <ABDOMINAL OF SURVIVORS USING
INJURY INJUuRY SAFETY BELTS

WitHouY EVIOENCE OF
SEVERE SNUBBING ACTION
8y BeLTs 891 29 (3.2%) 920

WitH EVIOENCE OF
SEVERE SNUBSING
ACTION BY BELTS 76 4 (5.0%) 80

TOTAL 967 33 1000

DIFFERENCE 4 1.8%
CHI.SQUARE .34
P.vatLue . 56

Test 2

The Occurrence of Lumbar Spine injury in
Relation to Severe Snubbing Action by Safety Belts

NUMBER OF SURVIVORS ToTat NUMBER
wiITHOUTY wIiTH OF SURVIVORS USING
LUMBAR SPINE INJURY LUMBAR SPINE [NJURY SAFETY BeELTS

wiITHOUT FVIDENCE OF
SEVERE SNUBEING
ACTION e~ BELTS 811 109 (11.8%) 920

wive EVIOENCE OF
SEVERE SNUBBING

ACTION AY BeLTs 73 7 ( 8.8%) 80
TOTAL 884 116 1000

OIFFERENCE - 3,0%

CHI-3SOUARE 397

P.VALUE . 53

'YAY(:': CORRECYION FOR CONTINUITY WAS USEO IN ALL CHM1.SNUARE CALCULATIONS.
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NUMBER OF SURVYIVORS

WITHQUT INTRA ABDOMI .
NAL InJumy

WITH INTRA .ABOOMINAL
InJumy

TOTAL

Test 3

The Occurrence of Lumbar Spine Injury in
Retation to the Occurrence of Intra-Abdosinal injury

Ludsan Sping

862

22

8384

TOTAL MUMBER

wiTHOUT wITH OF SURVIVORS UsiIng
InJumy Lymoan SriNE INJURY SAFETY BELTS
105 (10.9%) 967
11 (33.3%) 33
1e 1000

DiFremeEnce 4+ 22.4%
CMt-souanrg 13.7¢
P.VALUE < .001

NUMBER OF SURVIVORS

wiTH INJURIES CausEo
8Y THME BeLT

witTH InJumies Causeo
8Y OBJECTS ANO
STRUCTURES OR BY
TeansuiTTaL OF FORCE

TOTAL

Test 4

The Occurrence of Dangerous Lower
Torso Injury in Relationship to
*Belt-Cause®” and "Non-Belt-Cause"

Tovat
witTH No DancErROUS wiTH Dancemous NUMBER OF
LOwWER TORSO InMJURY Lower Tomso ImJumy Sumvivons

64 9 (12.3%) 73
72 88 (55.0%) 160
136 97 233

DIFFERENCE & 42.7%
CHI -SQUARE 36 .006
P.VALUE < .001
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Tests 5 - 24

RELATIONS! |P BETWEEN THE OCCURREMCE OF INJURY AXD THE USE OR NOM-USE OF SAFEYTY BELTS

NUMBER OF SURVIVORS

Test §

Any Injury of the Lower Torso, Lumbar
Spine Injurles Included

wITHOUT wITH ToTaL Nuweenr

Lower Tomso InJuRmy Lower Torso luJuny OF SUuRVIVORS

UsSING BerLTs 78¢C 240 (24.0%) 1000
NOT Usinc BeLTs 31 8 (20.%5%) 39
TOTAL 791 248 1039

DIFFERENCE - 3.%%

CHi.square .098

P.VALUE .75

Test 6

NUMBER OF SURVIVORS

Using BELTs

NOT UsiIng BELTS

TOTAL

Injuries of the Lumbar Spine Only
(no other lower torso injuries)

WITH NO wITH ToTaL NuMBsER
LUMBAR SrinE INJURY LUMBAR SPINE !'NJURY OF SURYVIVORS
905 9% (9.5%) 1000
38 1 (2.6%) 39
943 98 1039

DIFFERENCE - 6.8%

NUMBER OF SURVIVORS

UsiInG BerTs

NOT Using BeLTs

TOTAL

CHi-sQUARE 1.68
P.vaLUE .19
Test 7

Injuries of the Lumbar Spine With
Other Lower Torso Injuries

wITHOUT wITH Torat Numern
LUMBAR SPINE INJURY LUMBAR SPINE INJURY OF SURVIVORS
979 21 (2.1%) 1000
as 1 (2.6%) 39
1017 22 1039

DIFFERENCE 4 .5%
CHi.sQuARE ]
P.VALUVE 1.0
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Test 8

injuries of the Lower Torso Without
Lumbar Spina Injuries

NUMBER OF SURYIYORS vITHOUT LER{] TOTAL hKiMBER
LowER TORSO |NJURY LoweER Tomrso INJURY OF SURVIVORS
UsInG BeLTS 872 124 (12.4%) 1000
NOTY USING BELTS 33 § (15.4%) 39
TOTAL 90) 130 1039

DiFFERENCE ¢ 3.0%

CHl.SQUARE A2
P.vALUE .73
Test 9

intra-Abdominal injuries

NUMBER OF SURVIYORS TITHOUT vITH TovaL NUMBER
INTRA-ASOOMINAL INJURY (MTRA-ABOOMINAL INJURY OF SURVIVORS
Using BELTS 967 33 (3.3%) 1000
NOT UsiInG BELTS 38 1 (2.6%) 39
TOTAL 1005 34 1039

DIFFERENCE = 7%

CHI-SQUARE 0
P.vaLUF 1.0
Test 10

Any Injury of the Upper Torso, Dorsal
Spine Injuries Included

NUMBER OF SURVIVORS TITMNOUTY ®iTH TovaL NuMBsER
Urrer TOorRsO INJURY UPPER TORSO INJURY OF SURVIVORS
UsinG BFL TS 780 220 (22.2%) 1000
NOT USING BeELTS 33 6 (15.4%) 39
TOTAL 813 226 1039
DIFFERENCE - 6.6%
CHMI.SQUARE .68
P-vaLUE .41
33
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NUMBER OF SURVIVORS

Using BeLTs

Test 11

injuries of the Dorsal Spine Only
(no other Upper Turso injuries)

wWITHOUT
DomrsaL SPiINE INJURY

877

wiTH
DomsaL SPINE INJURY

ToraL Numesee
OF SumviIvoRs

23 (2.3%) 1000
NOY USING BELTS 38 1 (2.6%) 39
TOTAL 915 24 1039
DiFFEmENCE 4 3%
CHi.sQuARE 0
P.valLuE 1.0
Test 12

NUMBER OF SURYIVORS

UsInG BELTS

injurles of the Dorsal Spine With
Other Upper Torso Injuries

WITHOUT
DomsaL SPINE INJURY

wWITH
Domsat SPINE INJuRYy

ToTaL Numete
OF SURVIVORS

994 6 ( .6%) 1000
NoT UsinG BeL™s 38 1 (2.6%) 39
TOTAL 1032 7 1039
DiIFFEmRENCE 4 2.0%
CHI-SOUARE .22
P.vaLuE .64
Test 13

NUMBER OF SURVIVORS

UsinG BELTS

NOV UsSinG BeorTs

TOTAL

Iinjurles of the Upper Torso Without
Dersal Spine injuries

wITHOUT
Urren Torso INJURY

829

3%

864

DiFFemEnce
CH1.SQUARE
P-vaLuE

wITH
Uerer TORSO INJURY

171 (17.1%)

4 (10.3%)

175

- 6.8%

.85
.36

k1

TOTAL NUMBER
OF SURVIVORS

1000

3

1039
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NUMBER OF SURVIVORS

Test Iu

Intra-Thoraclc |njuries

wITHOUT WITH
INTRA -THORACIC INJURY INTRA -THORACIC

— e e . r—— e

ToTat NumsER
OF SuRVIVORS

UsInG BELTS 978 22 (2.2%) 1000
NOT USING BELTs 39 0o (0%) 39
TOTAL 1011 22 1039
DIFFERENCE - 2.2%
CHI.sQuareE .12
P.vaLUE .73
Test IS

NUMBER OF SURVIVORS

UsSING BeLTS

NOT UsSING BetrTs

TOTAL

Any Injury of the Meck (Cervical
Spine Injuries Included)

"ITHOUT ®ITH
NECk InJuRmy NECK INJURY
940 60 (6.0%)
36 3 (1.1%)
976 63

DiFFEmENCE & 1.7%
CHi-sSOUARE .03
P.vaLUE .86

ToTsL NumseR
OF SURVIVORS

1000

39

1039

NUMBER OF SURVIVORS

USInNG BerT

NOT UsING BerLTs

TOTAL

T et

Jesi io
Injuries of the Neck Without
Cervical Spine Injuries

*ITHOUT LERE]
NECK (WJURY NECK [mjuRry
964 36 (3.6%)
37 z (5.1%)
1001 s

DifFFERENCE 4 1.5%
Cur.sQuane . 004
P.vVALUE > .92
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% Test |7
3 Any Spine Injuiy {(Cervical, Dorsai sr Lumbar)
3 4
3 NUMBER OF SURV!(VORS w|ITHOUT wITH ToraL NuMmBER
3 SPINE INnJumy SPINE I1NJURY Of SURVIVORS
VIING BELTS 840 1€0 (1£.0%) 1000
NOT USING BELTS 35 4 (10,3%) 39
TOTAL 75 164 1039

DIFFERENCE - 5.7%

CMI-SOUARE .52
P.VALUE .47
Test 18
Dangerous-t>-life Spine iniuries i
NUMBER OF SURVIVCRS wiTHOUT wiTH ToTat NUMBER
DANGEROUS SPINE INJURY DANGEROUS SPINE INJURY OF SURVIVORS
US ING BELTS 900 i00 i0.0%) 1000
NOT USInNG BELTS 37 2 { 5.1%) 39
TOTAL 937 102 1039 1
DIFFERENCE - 4.9%
CHi.S0uUARE .53
P.VALUE .47 E
§
]
Test 19 1
Any Injuries of the Lumbar Spine a
NUMBER OF SURVIVCRS wITHOUT wITH TOTAL NUMBER
LUMBAR SPINE [NJURY LUMBAR SPINE INJURY OF SURVIVORS 3
USING BELTS 884 116 (11 .6%) 1000
NOY USING BELTS 37 2 ( 5.%) 39
TOTAL 921 118 1039 3

DIFFERENCE = 6.5%
CH I -SQUARE .95
P.VALUE .33

"
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NUMBER OF SURVIVORS

Test 20

Any Injuries of the Dorsal Spine

FITHOU T
DORSAL SPINE IKJURY

wITH
CORSAL SPINE InJuRY

—————— ppp——

TovaL liumBer
OF SURVIVORS

i o — ————

UsinG BELTS 971 29 (2.9%) 1000
NOT USING BELTS 37 2 (5.1%) 39
TOTAL 1008 31 1039
DIFFERENCE 4 2.2%
CH I -SQUARE .085
P. VA LUE .76
Test 21

NUMBER OF SURVIVORS

Any injuries of the Cervical Spine

TITHOUT
CERVICAL SPINE [NJURY

wIiTH
CERVICAL SPINE [NJURY

TOTAL NUMBER
OF SURVIVORS

USING BELTS 976 24 (2.4%) 1000
NOT USING BELTS 38 1 (2.5%) 39
TOTAL 1014 25 1039
DIFFERENCE ¢ .1%
CH1-SQUARE 0
P-VALUE 1.0
Test 22

NUMBER OF SURVY!VYORS

UsinG BELTS

NOT UsiNG BeLTS

TOTAL

Any Injury of the Head

wWITHOUT
HEAD InJURY

624

DIFFERENCE
Cui.souane
P.vaLUuE

wiTH
HEAO [NJURY

382 (38.2%)

33 (84.8%)

215

+ 46.4%
31.8
¢ 001

37
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NUMBER OF SURVIVORS

(134

3
ey

vangarous-To-Life Head Injuries

wWITHOU™ DanGEROUS
HEAO !vJumy

wiTH DancErous
hea0 INJURY

ToTAL NUMBER
OF GURYVIVORS

UsinG BELTS 847 153 (15.3%) 1000
NOT UsinG BELTS 23 16 (41.0%) 39
TOTAL 870 169 1039
DIFFEREN(E ¢ 25.7%
CHI-SQUAK. 16.68
P.vaLUE » ,001
Test 24
Serious and Critical (Dangerous-To-L:fe)
Injuries of the Head and Body
NUMBER OF SURVIVORS WITHOUT wiTH ToTaL
SERIOUS OR CRITICAL SER;OUS OR CRITICAL NUMBER OF
HEAD ANC BODY IMJURIt> HEAD ANO BOOY INJURIES SURVIVURS
UsING BELTS ns 285 (28.5%) 1000
NOT USING BeLTs 18 21 (53.8%) 39
TOTAL 733 306 1039
DirrFemENCE ¢4 25.3%
CHI.SOVARE 10.5
P.vaLUE ¢ 001
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NUMBER OF SURVIVORS

WNOSE BELTY INSTALLA.

Tests 25 - 4y
RELATIONSH | P BETWEEN THE OCCURRENCE OF [INJURY AND FAILURE OF SAFETY BELT INSTALLATIONS

Test 25

Any Injury of the Lower Torso, Lumbar Spine

{njuries

wITNOUT
LOWER TORSO IMJURY

Included

wiTN
LOWER TORSO INJURY

TOTAL NumeC#®
OF SURVIVORS

TION REMAINED INTACT 601 121 (16.8%) 722
WHOSE BELT INSTALLA-.
Tion FailLeo 118 103 (46 .6%) 221
TOTAL 719 224 943
DiFFeReEncCE ¢ 29.8%
CHI-SOVARE 81.45%
P-VvALUE ¢ .00
Test 26

NUMBER OF SURVIVORS

wWNOSE BELY INSTALLA.

injuries of the Lumbar Spine Only

{no other Lower

WITHOUT
LUMBAR SPINE INJURY

Torso Injuries)

wITH

LUMBAR SPINE INJURY

TOTAL NUMBER
OF SURVIVORS

TION REMAINED INTACT 704 18 ( 2.5%) 722
WHOSE BELT INSTALLA-.
Tion FAILED 148 73 (33.0%) 221
TOTAL 852 91 943
3 ODIFFERENCE 4 30.5%
CH1-SQUARE 1771
P.vaLUE < 00!
Test 27

NUMBER OF SURVIVORS

WNOSE BELY INSTALLA.
TION REMAINED INTACTY

WNOSE BELTY INSTALLA-.
Tion FAILED

TOTAL

Injuries of the Lumbar Spine With
Other Lower Torso injuries

wITHOUTY
LUMBAR SPINE INJURY

wITH
LUMBAR SPINE INJURY

716 6 ( .8%)

210 11 (4.9%)

926 1?7
DIFFERENCE ¢ 4.1%
Crl-sQuaRE 13.9
P-vAaLUE € 00

39

TOTAL NUMBER
SURVIVORS

722

221

943
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Test 28

injurles of the Lower Torsc Without

Lumbar Spine Injurles
NUMBER OF SURVIVORS wITHOL Y L ERE] ToTAL NuMBtR
LOwER TORSO ikJumYy LoweR TORSO INJUAY OF SURVIVORS
WMOSE BELY InsTaLLA-.
TION REMAINED IMTACT 643 79 (10.9%) 722
WMOSE BELT INSTALLA.
Tion FAILED 184 37 (16.7%) 221
TOTAL 827 116 943
DifrFeEmENCE 4 5.8%
CHI-SOUARE 4.8
P.vaLUE .03
Test 29

NUMBER OF SURYIVORS

wMOSE BELTY IMsTaLLA-.
TION REMAINEO INTACT

wHOSE BELT InsSTaLLa.
Tion FalLeo

TOTAL

Intra-Abdominal Injuries

wITHOUT

IKTRA-ABDOMINAL INJURY

707

209

916

DifFFcmence
CMI -SOUARE
P-vaLuE

wITH

INTRA-ABDOMIRAL I(RJURY

15 (2.1%)

12 (S5.4%)

27

+ 3.3%
5.67
.02

TovaL Numeer
OF SURVIVORS

722

221

943

NUMBER OF SURYIVORS

WHOSE BELT INSTALLA-
TIOR REMAINEO [MTACT

WMOSE BeLT
Tion FalLEo

InsTALLA.

TOTAL

Test

30

Any Injury of the Upper Torso, Dorsal
Spine Injurles Included

vITHOUT
UrreEr TorsO IMJIURY

wIiTH
UPPER TORSO IMJURY

694 128 (172.7%)
151 70 (31.7%)
742 198
DIFFERENCE 4 14.4%
CHi-souanrt 33.2%
P- va LUE < . 001

114

ToTaL NumegR
OF SUuRvivORs

722

221

943
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NUMBER Of SURVIVORS

WHOSE BELY INSTYALLA.
TION RERAINED (KTACT

WHOSE SELY INSTalLLA-
Tion FaitLeo

TOTAL

Test 31I

injuries of the Dorssl Spine Only
(no other Uppe:- Torso Injuries)

ITYTHOUY wITH
DorsaL Seint InJumy

707 1S (2.1%)
216 S (2.3%)
923 20

DiFreaence 4 .2%
Cui.20vaRE ]
P-vaLuE t.0

OORSAL SPINE INJURY

TOTAL NuMBER
0F Sumrvivonrs

722

221

943

NUMBER OF SURVIVORS

WHOSE BELY INSVALLA.
TION REMA INED (NYACT

WHOSE BELY INSTALLA.
Yionm FailrLeo

. TOTAL

Test 32

Injuriss of tha Corssl Spine Xith
Other Upper Torso Injurles

wITHOUY wIiTH
DomsaL SPing InJumy DomrsatL Sreint InJuay

17 S (.7%)
221 o ( ox)
938 -4

Dirremence - .7%
Cui-sovane .45
P-vaLyse .50

ToTAL NuMBER
OF SumvivoRs

722

221

NUMBER OF SURVIVORS

wHNOSE BELT INSYALLA-
TIon REMA (NEO (NTACY

wHOost BELY INSTALLA-
Yion FaiLeo

TOTAL

Test 33

Injuries of the Upper Tors. Without
Dorsal Spine Injuries

WITHOUY vITH
urrer Yorso INJURY Urrea Tomrso INJURY

st4 106 (1S.0%)
156 ¢S (29.4%)
770 173

ODirremence 4 14.4%
Cui-sovane 22.19
P.VALUE < . 001

L]

ToTalL Numete
oFf SURVIVORS

722

221

943
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NUMBER OF SURVIVORS

UHOSE BELT [N TALLA.
TION REMAINEO INTYACY

WHOSE BELT INSTALLA.
Yion FalLeo

TOTAL

Test 38

intra-Thoracic Injuries

wivdoUY
INTRA -THORACIC (NJURY

712

213

925

‘0

DiFrFEmENCE 4 2.2%

Cui-squane
P.vAaLUE

3.38

LARL]

I{NTRA - THORACIC

(v .4%;

(3.6%)

InJury

i - —— e 8.

ToraL Numsenr
OF SURVIVORS

722

221

943

NUMBER OF SURYIVORS

WHOSE BELT INSTALLA.
TION REMAINED INTACTY

WHOSE BELT INSTALLA-.
Tion FaiLep

TOTAL

Test 35

Any injury of the Neck (Cervical
Spine Injuries Inciuded)

wiTHOUY
NECK InJuRry

685

209

Neck

7

55

DirFEmeENCE 4 3.0%
CH1-squane 2.2%

P.vaLut

.13

wIiTH

(5.1%)

(8.1%)

fujuey

ToTaL NumBER
OF Sumvivors

722

221

943

—— e

—

NUMBER OF SURVIVORS

WHOSE DBELY INSTALLA-
TiON REMA INEO (NTACT

wWHOSE BELT (MSTALLA-
Tiom FaiLED

TOTAL

Test 36

injuries of the Neck Without
Cervical Spine injuries

wWITHOUT
NECK INJuRY

LARL]

NECK INJURY

897 25
211 10
908 3s
Dirremence 4+ 1.08
CHi-sQuaRre .28

®.vALUE .60

(3.5%)

(4.5%)

42

ToTaL NUMBER
OF SURVIVORS

722

221

943
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NUMBER OF SURVIVORS

WHOSE BILY INTTALLA.

Test 37
Any Spine Injury {(Cervical, Dorsal or Lumbar)

wiTHOUTY
SPINE INJURY

wITH
SPINE IMJURY

o

TovaL Numeee
OF SURVIVORS

TION REMA INFO INTACT 610 112 (15.5%) 722
WHOSE BELY IKSTALLA-
Tiom FatLio 188 33 (14.9%) 229
TOTAL 798 149 9243

Difremence - .6%

Cut.sQuane V]

P-vaLUE 1.0

Test 38

NUMBER OF SURVIVORS

WHOSE BELY INSTALLA-.
TION REMA IRED [NTACTY

WHOSE BELY INSTALLA.
Yion FatLeo

TOTAL

Dargerous-To-Life Spine Injuries

WITHOUT

DANGEROUS SPINE INJURY DANGEROUS SPINE

651

200

851

DtFremence
Cut-souaRreE
P.vaLUE

wiTH

71

29

92

- .3%
> .9

(9.8%)

(9.5%)

INJurYy

ToTalL NumseR
OF SURVIVORS

722

221

NUMBER OF SURV1IVORS

WHOSE BELY INSTALLA-
TIiOR REMA INEO INTACT

wHOSE BELY INSTALLA.
vion FatrLeo

TOTAL

TR o

Test 39
Any injury of the Lumbar Spine

WITHOUTY
LUMBAR SPINE INJURY

197

83s

DirrEmeEnCE
Cut.sQuaRre
P.vaLLE

wITH

LuMsar S

24

c4
108

4+ 34.7%
153.5
< . 001

PINE INJURY

{ 3.3%}

(38.0%)

43

TovalL Numeer
OF SURVIVORS

221

943




NUMBER OF SURVIVORS

THOSE BELT INSTYattia.
TION REMAINED INTACY

UMOSE BELT INsTALLA-
Tion FaiLEDd

TOTAL

DomsaL SPiNE ImJURY

Test 40
Any Injury of the Dorsal Spine

TITHOUT LIRC]
OomrgalL SPINE InJsumy

702 20 (2.8%)
216 S (2.3w)
L 21 ] 2%

DiFrFeEmENCE - . 5%

o i S — i ———— . ———— " ———

ToTaL Numeze
OF SuRvVivORs

722

221

843

NUMBER OF SURVIVORS

wnose BELT INSYALLA.
TION REIMAINED [NTACY

eHOosSE BELY INsSTALLA.
vion Falrsgo

TOTAL

Cul-souanre . 028
P.vALUE .88
Test ¥I|

Any Injury of the Carvical Spine

TITHOVUTY LAR{}

Cemvicat Sring InJjuny CemvicaL SPiInNE InJumy

710 12 (1.7%)
213 8 (3.6%)
3 20

DirFrgmEnce 4 1.9%
Cui-souaReE 2.24
P-vaLVE .14

ToTaL NuweeER
OF SURV{IVORS

722

943

NUMBER OF SURY|VORS

eNOSC BELY (NS TALLA-
TION REMA INEO INTACY

*MOSE BELY INSTALULA.
TYionw Fairto

TOTAL

Test 82
Any Injury of the Mead

viTHOUT LARL)
HEaD InJgumy HEAD (WJURY
170 552 (76.9%)
r{y 185 (88.2%)
196 747

DIFFERINCE 4 11.7%
CHi-sQUARE 13.52
P-vALUE < . 001

ToraL NumeeR
oF SumvivoRs

722

221
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NUMRER OF SUPVIVORS

PHOSE BéLT INSTALLA.

Test 83
Dangerous-To-Life Head Injuries

RITHOUT Damegmous
HeaD InJumy

11 LDanGERDUS
"Hexo InJumy

——— e o

ToTaL Numser
OF SURVIYORS

TION REMA INED INTACTY 649 73 {10.1%) 722
wHOSE BELY INSTALLA-
Tion FaipLeo 19 65 (29.4%) 221
TOTAL su> 138 945

DIFFERENCE 4 19.3%

CHiI-30QuUARE 48.98

P-vVALUE c .90t

Teat 4
Serious and Critica! /Dangerous-To-Life)
Injuries of the Head ana Body
NUMBER OF SURYIVORS wITHOUT €ITH ToTatr
Semipus om CarivicaL Semious oR CriTiCAaL Nusestr oFf
HEAD AND BOOY INJURIES HEAD AND BODY INJURIES SURYIVDRS
YHDSE BELY InmsTapia-
TION REMAINED INTACT 556 166 (23.0%) 727
WNDSE BELT INSTALLA.
Tiom Fatreo 133 88 (39.8%) 221
TOTAL 689 254 943

DiFFEntnze 4 16.6%

CHI-sQUARE 23.4)

P.VALUE < 001
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Te: s 45 - 64
RELATIONSHIP BETWEEN THI OCCURRENCE CF INJURY AND PRIMCiPAL
DIiRECTION (N WHiCH CRASH FORCE ACTS

Test 45
Any Type of Head Damage

NUMBER OF SURVIVORS TITHOUTY

TITH TOTAL NUMBER
HEAO INJURY HEAO INJURY OF SURVIVORS
IN ‘LONSITUD INAL FORCE'
CRASHES 95 485 (83.t%) 580
In *VeErTiCcAL Fomce'
Ceasnts 30 88 (74.1%) 116
TOTAL 125 571 696

DIFFERENCE - 9.5%
CKI-SQUARE $.37
P-vaLuE .02

Test 46
Serious and Critical Head Injuries

NUMBER OF SURYV!VORS TITH NO DanGEROUS wiTH Dangemous TOTAL NUMBER
HEAD [IWJURY HEAD (NJuURY OF SURYIVORS

'n LoMGITUOINAL FORCE'’

CRASMHES 475 105 (18.1%) 580
In *VERTICAL FORCE®
CRASNHES 104 12 (10.3%) 116
TOTAL S79 117 696
DIFFERENCE - 7.8%
CHI-sQuUARE 3.59
P-vaLUE .08

Test &7

Serious and Critical (Dsngerous-To-Life)
injuries of the Head and Bady

NUMBER OF SURVIVORS eITHOUTY oITH ToTat
SERIOUS OR CRITICAL SeEmI0US OR CriITICAL Numste Of
HEAO ANO BOOY INJURIES HEAO ANO BOOY (WJURIES SURVIVORS
In ‘LomeiTuOINAL FORCE®
CRASHES 430 150 (25.9%) 580
In °VERTICAL FORCE'
CRASKES 57 59 (50.9%) 116
TOTAL 487 209 6 96
DiFrmence ¢ 25.0%
Cut-souaRE 27 .67
P- YA LUE < 001

46
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NUMBER OF SURVIVORS

I ‘Lona@iTuntxaL Fomce®

Test 48

Any Injury of the Lover Torso, Lumbar
Spine Iinjuries Included

RITHOUT
Lower TomsO INsURY

#ITH
Lower TOomsSO IHJURY

TOTAL NUMBER
OF SURVIVORS

CragHES 495 85 (14.7%) 580
I "VERTICAL FORCE®
CrasSHES 52 64 (55.2%) 116
1
TOTAL 547 149 696 '
|
OIFFERENCE 4 40.5%
Chi-squant 82.16
P.vaLUE < .000
Test 49

NUMBER OF SURVIVORS

I "LonGITuDINAL FORCE®

CRASMHES

te *VERTICAL FomCE®
Crasnes

TOTAL

injsries of the Lumbar Spine Only
(no other Lower Torso Injuries)

wiTHOUT
LuMsar SrPiNg InJumy

76

643

DIFFERENCE
CHt-30UARE
P.VALUE

"IiTH
LuMBaR SPINE INJURY

13 ( 2.2%)

40 (34.5%)
3

+ 32.3%
138.9
¢ .00

TOTAL NuUMBE R
OF SURYIVORS

580

696 I

NUMBER OF SURVIVORS

in "LomeiTubinaL FoOkCe®

CRAaSHES

I "VeERTICAL FORCE®
CRasN™"

TOTAL

Test 50

injurles of the Lumbar Spine With
Other Lower Torso Injuries

wITHOUT
LUMBAR SPINE INJURY

106

683

DiFFERENCE
CHl-sOUARE

P.vaLUE

WITH
LUMBAR SPINE INJURY

3 ( .5%)

10 (8.6%)

13

+ 8.1
31.37
< .00

L Y4

TOTAL NUMBER
OF SUuRYivORs




e itih e et

NUMBER OF SURVIVORS

IM "LOMGITUD IMAL FORCE"

Test 51

injuries of the Lower Torso Without
Llumbar Spine Injurles

®ITHOUY
LUMBAR S®IME [MJURY

wiITH
LUMBAR S)HINE [NJURY

TOTAL NUMBER
OF SURVIVORS

CRASHES 511 69 (1i1.,.9%) 580
IN *VERTICAL FoORCE'
CRASHES 102 14 (12.1%) 116
TOTAL 613 83 6 96

ODiFFeRENCE 4+ ,2%

CHI-SOUARE [o]

P.vaLUE 1.0

Test 52

NUMBER OF SURVIVORS

IM "LONGITUDINAL FORCE®

Intra-Abdoainal Injuries

wWITHOUT

wITH

{MTRA-ABOOMINAL [INJURY IMTRA-ABSOOMIMNAL INJURY

TOTAL NUMBER
OF SURVIVORS

CRASHES 564 16 (2.8%) 580
In ‘VERTICAL FORCE'
CRASHES 107 9 (7.8%) 116
TOTAL 671 25 696
DIFFERENCE 4 S5.0%
CHI-SQUARE $.77
P-vALUE .02
Test 53

NUMBER OF SURVIVORS

Im *LOMGITUOINAL FORCE'
CRASHES

In *VERTICAL FORCE'
CRASHES

TOTAL

Any Irjury of the Upper Torso, Dorsal
Spine Injurles Included

WITHOUT
UerER TORSO {MJURY

wIiTH
Uerer TORSO {NMJURY

458 122 (21.0%)
90 26 122 .4%)
548 148
DIFFExENCE <4+ 1.4%
CH)-SOUARE .038
P.YALUE .84

§ G et S

48

TOTAL NUMBER
OF SURVIVORS

580

116

6 96
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NUMBER OF SURYIVORS

Test 54

Injuries of the Dorsa) Spine Cnly
(no other Upper Torso injuries)

WITHCUT

DomrsAL SPINE INJURY

[ AR

TOTAL NUMBER

DomgsaL SPINE INJURY oF SURVIVORS
IN "LONGITUO INAL FoORCE®
CRASHES 576 4 ( .7% 580
In *VERTICAL ForceE®
CPrseMES 107 9 (7.8%) 115
TOTAL 683 13 696
DIFFERENCE 4 7.1%
CHI-SOVARE 23.2
P.vALVE ¢ 001
Test S5

NUMBER OF SURVIVORS

IN ‘LONGITUO INAL FoeCe"*
CRASHES

IN *VErTICAL Fonrce®
CragHES

TOTAL

injuries of the Dorssl Spine With
Other Upper Torso injuries

WITHOUT

TovaL Numscm
OF SURVIVORS

580

696

NUMBER OF SURYVIVORS

IN LONGITUDINAL FoORCE"®
CRASHES

IN °VERTICAL FORCE'
CRASHES

TOTAL

wiTH
DomrsaL SPiINE INJURY Domsat SPINE INJURY
579 1 .2%)
114 2 (1.7%)
693 3
DIFFERENCE $ 1.5%
CH I -SOVARE 3.18
P.VALVE .07
Test 56

injuries of the Upper Torso Without
Dorss! Spine Injuries

wWITHOUT
UPreER Torso INJURY

DIFFERENCE
CHI -SOVARE
P.-VALVE

wWITH
upreER Tomrso INJURY

117 (20.7%)

15 (12.9%)

112

-7.3%
2.88
.08

ye

ToTAL NUMBER
OF SURVIVORS

580

6 96
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NUMBER 7F SURVIVOKS

In “LonetTueoiral Fomrce®
Crasues

In ‘veERTICAL Fomce'®
Crasnes

s 2 ST &0

TOTAL

Test S7

intra-Thorscic injuries

wiTHouY LR
INTRA.THORACTC tNJURY  i#Tea .TMORACIC INJURY
569 17 (2.9%)
1ns 1 .m)
678 18

DIFFERENCF o 2.0%
Cni.sQuare .93
P.varut .33

ToTaL Nusser
OF SURVIVORS

580

Y -

roy

NUMBER OF SuUR¥Ivuo

In "LongiTuutnatr Fomci®
Crasnes

In 'VerricaL Force®
Crasnes

TOTAL

Test 58

Any !njury of the Neck (Cervical
Spine injuries i{ncluded

vITHOUT

wiTH
NECK INJURY

NECK INJURY

543 37 (6.4%)
1o 6 (5.2%)
653 43

DIFFERENCE = 1.2%
Cui-souanre .073
P.vaLUEL 7%

ToTatl Numsem
of SumvivoRrs

580

NUMBER OF SURVIVORS

I "LonGiTuOINAL FoRmcCEL®
CRasHES

IN ‘VErTICAL FoRCE®
Crasnes

TOTAL

—— . g o .

Test 59

Injuries of the Neck Without
Cervica! Spine injuries

wITHOUT wiTH

NECK INJURY NECK INJURY
sss 22 {(3.8%)
13 3 (2.6%)
671 25

DiFFcitmcE - 1.2%
CHi.SOUARE .12
P.VALUZ .73
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Totat Nusser
OF SURVIVORS
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NUMBER OF SURVIVORS

I "LoxutiuntnaL Force®
CRASHES

In "VemrTicaL Force’
CRASHE,

TOTAL

Test 60
Any Spine Injury (Cervical, Dorsal
or Lumbar;
wiTHOUT wiTH

SPINE INJUNRY SPiINE INJumy

Sal 39 (6.7%)

60 56 (48.3%)

601 95

MiFFEmENCE 4 41 .6%
CH I -SQUARE 138.9
P.valLlLE < . 001

———— e e - — -

ToTaL NUMBER
2¢ Syarvivoms

540

696

NUMBER OF SURVIVORS

In ‘LoMGiTUDINAL ForcE"
Crasnes

In ‘VeErTicaL Fonrce’
CRaSHES

TOTAL

Test 6!
Dangerous-To-Life Spine Injuries

wiITHOUT wiTH

DANGERQUS SPINE INJURY DANGEROUS SPINE INJURY

561 19 ( 3.3%)
74 42 {36.2%)
635 61

DIFFERENCE $ 32.9%
CHi-sSQuUARE 128.2
P.vaLVE < .00}

TOYAL NuUMBER
OF SURVIVORS

580

696

NUMBER OF SURVIVORS

IN "LOMGITUD INAL FoORrCE®
Cuasnes

IN 'VERTICAL Force®
CrasNES

T0TAL

LUMBAR SPINE INJURY

Test 62
Any Injury of the Lumbar $pine

®ITHOUT BITH

561 19 ( 3.3%)
69 47 (40.5%)
630 66

DiFFERENCE 4 37.2%
CHi.sQuUaNS 153.25%
P.vAaLUE < . 001

51

LuMBar SPINE INJURY

ToTatL NuMBER
oF SumvivoRs

580

6 96
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{est 63
Any injury of the Dorss! $pine i
. 4
NUMEER CF SuRVIVCRS wiYHOUY sITH ToTa L NUMBER
Doec 2l 3pine {nJumy Domrsa. LrinT MUYy OF SURVIVORS

I ‘loanstTudDinAL FoORCE®

Craswes ‘578 S ( .9%) 580 3

IN °VERTiCAL FoRrCe® !

Crasnes 195 11 (9.5%) 116 ?
JOTAL 680 16 696

Disremence 4 8.6%

CHi.sOuaRe 28.47
P.vaLus ¢ .001
Test 64

Any Injury of the Cervical Spine

i, Bibadin 4550 ¥

34

NUMBER OF SURVIVORS «ITHOUT wgTH TOTAL NumsegRr 3
CEmvICAL SPINT INJURY CTERVICAL SPINE INJURY Of SURVIVORS
IM °LoNgITUD INAL FORCE® L. '%
CRasnts 565 15 (2 &%) 580 1
3
1% ‘VervicarL Force' '% d
CrasMHEs ile 2 (1.7%) 116 3
q
TOTAL 679 17 6 96 9
1
OIFFERENCE - .9% H
Cus-square . 054
P.vaLuE .82
-+
-
A
5

52

ot




APPENDI X 4

Scala® Used by Crssh injury Research in Classifying Degres of Bocy, injury

Statistical atudias dealing with trauma usually are concerned with
various aspects of irjury problems, such as numbars and ratas of "serious® and
"fatal" injuries, ths sssessment of disability, loss of work-time, or some
combination of thase In torms of dollars and cents, The tarm "serious injury"
has bean commonly used as a catch-all "degree” for all degrees of injury from
a broken noesd to a depressed skull fracture with critical damaga of the brain.
Actually, thera are many dagraes of survivable injury, ranging from minor
bruisas and lacerations through painful and temporarily disabling fracturas,
up to truly "serious® injuries which threatan lifa. Furthar, "fatal injury" as
a dascriptive class is not maaningful for conveying the extent of ovarall bodi-
ly damage. “"Fatality® is in fact ¢ state of non-bsing. it does not distinguish,
for example, between fatality consisting of one mortal lesion and fatality con-
sisting of multiple iniuries vith complete crushing or disintagration of tha
body.

Sinca Crash injury Ressarch seeks data on causes of needless and ex-
cesaive bodily injury, it has baen found desirabls to devalop an injury scala
by which varlious degreas of overall bodily damage can be more aasily datined.
The injury-scala ahown balow has been developed over the past decada with tha
assistance of specialiats and members of the staff of ths Rew York Hcspital -
Cornell Univarsity Medical College. This scale Is still under davalopment and
cannot be considered a measuring device for sariousnass of injury; it is ra-
thar =2 -u/dé Lo snabie accident-injury analysts to assess the ovarall sevarity
of gross bodily damaga. Ten progressive degraes of injury are outlined in tarme
of simple kay words and phrasas. Some exanmples of typical injuries are provided
to serva as guides to tha ten degrees of injury. it will ba noted that many
types of injuries are not Included as examples; these injuries have not occurrad
with sufficlent frequency to require specific listing. When exceptional typas
of Injury occur, medical consultants have had no difficulty in assigning thar
to one of the tan dagrees of injury-sariousness connoted by tha kay phrases.
Quite obviously, skull fractura. with or without concussion, occurs with great
frequency and in many gradstiona of "seriousness®™; for this reason, injuries of
this typa have been listsd for purposes of example and guidance.

A.  *Non-Dangerous” Degrees of Injury
(Degrees | - %)
ie Triviai or None

2. WMinor

"Minor" contusions, lacerations, abrasions in any area(s) of the body.
Sprains, fractures, dislocations of fingers, toes, or nose. Dazed or

® 3ASED OM OBSERVATIONS DURING FIRST 48 HOUAS AFTER INJURY AND PREVIOUSLY NORMAL LIFE EXPECTANCY,
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3.

Y.

5.

6.

slightly stunned. Mild concussion evidenced by mild headache, with no
loss of consciousnesr

Moderete

Severe

"Moderate” contusions, lacerations, abrasions in any area(s) of the
body. Sprains of the shoulders or principal srticulations of the ex-
tremities. Uncomplicated, simple or green-stick fractures of extre-
mities, jaw or malar structures. Concussion as evidenced by loss of
consciousness not exceceding 5 minutes, without evidence of other in-
tra- cranial injury.

- but not dangerous. Survival normelly essured.

Extensive lacerations without dangerous hemorrhage. Compound or commi-
auted fractures, or simple fractures with displacement. Dislocations
of the arms, legs, shoulders or pelvisacral processes. Fracture of
transverse and/or spinous processes of the spine, without evidence of
spinal cord damage. Simple fractures of vertebral bodies of the dorsal
and/or lumbar spines, without evidence of spinal cord damage. Compres-
sion fractures of L-3-4-5. Skull fracture without evidence of concus-
sion or other intra-cranial injury. Concussion as evidenced by loss of
consciousness from 5 to 30 minutes, without evidence of other intra-
cranial injury.

8. *Dangerous-to-/ife” Degrees of Injury
{Degracs 5-6;

Serious - dangerous, but survivel probable.

Lacerations with dangerous hemorrhage. Simple fractures of vertebral
bcdies of the cervical spine, without evidence of spinal cord damesge.
Compression fractures of vertebral bodies of dorsal spine and/or of
L-1 and L-2, without evidence of spinal cord damage. Crushing of ex-
tremities, or multiple fractures. indication of moderate intra-thora-
cic or intra-abdominal injury. Skull fracture with concussion as evi-
denced by loss of consciousness from 5 to 30 minutes. Concussion as
evidenced by loss of consciousness from 30 minutes to 2 hours, with-
out evidence of other intra-cranial injury,

Criticel - survival uncertain or douwdtful.

(includes fatal terminations beyond 24 hours.) Evidence of dangerous
intra-thoracic or intra-abdominal injury. Fractures or disiocations

of vertebral bodies ot cervical spine with evidencc of cord damage.
Compression fractures of vertebral bodies of Jorsal spine and/or L-1I,
L-2, with evidence of spinal cord damagc. Skull fracture, with concus-
sion as evidenced by loss of consciousness from 30 minutes to 2 hours.
Concussicn as evidenced by loss of consciousness beyond 2 hours. Evi-
dence of critical intra-cranial injury.
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7.
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C. *fatel!” Dugrees of In,ury
(Dagrees 7 - i0)

Fatel! - within 24 hours of eccident,

Fatal lesions in single region of the body, with or without other in-
juries to the Uth dagree,

Fatal - within 24 hours of eccident.

Fatel

Fatel

Fatal lesions in single regior of the body, with other injuries to 5th
or 6th degree.

Two fatal lesions in two regions of the body, with or without other in-
juries elsewhere.

Three or more fatal injuries - up to demolition of body.
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