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THE NATURE OF SEAT BELT INJURT,:.

JAr\.tES S. WILLT-{IIS, M.D.,.r,:ro JOH\ 11. KIRKP.\TRICIi. }I.D..

Frcm the Depar|mcnl ol Surgery, Caitersilu oi Ro.hester School o! Jledicite and De\tistrtt.
Rochester, .|ie.(, York

+

The use of the safet;- belt by automobile

occup&r)ts lras suggested b1'Straith in the

Late 1930's (4-1), In 1912, DeIIaven (12)

eld later Stapp in 1951 (+:) proted con-

slusively by their studies that restraining

der.ices rvere invaluable in increa-sing '9"

@ler:rlce of the human to abrupt decelera-

tion. Over the next decade, more &nd more

sutomotive seat belts rvere installed aod,

$gsn rLsed. sere found to be eftectivp (9,

lr, :17), Controlled accident studies iq the

late i950's comparing nonbelt-users rrith

belt-u-"ers demonstre,ted x 60% decrease

in injur] ' (7, 30) and a :l; j% reduction in

mtjor or f&tal trauma b)' the use of a re-

straiohg device (+8).

The first dash of cold *?ter on this
psnscex for road survival was throNn bv
liulo*ski and Rost (2E) io 1956 shen thel'
reponed a cs^"e in shich the injun sus.
iained \\-as ittributed to s sofetl' belt.
Since then. numerous cases have appelred
in the iiterature. These reported cases lnd
others obtained by personal correspondeoce
or erpe ence form the basis for a descrip-
iLon of rhe nsture of se&t belt injuries.

CLI.\IC.{I ]I.\TE RI.\L
The data from those preriouslr- reported

p.rt ienrs \r-ho recerved injurv r lhi le uelr ing a

Preseured in p:trr s! the Twent)-.-eighth .{anual
Scssion of the -{mericsn Associat iotr lor the Sur-
gerv of Trauma, I lootreal.  Quebec, October lg-
20. ls68.

' \ow i i  the Universit ] .  of I iansas \Iedical
Center, Krnsas City, Kansas 6l i l03.

Address for Reprinrs: Jrmes S. lVi l l isms. ] t .D ,
Deprrtment of Surgerl .  The Lniversiry ol Roch,
$ter. School oi ) tedicine aDd DeDiisrr l ' ,  :160
Crirtenden BorrLevard, Rocbesrer. , l -ew york
t{6m

restmining device rrere carefr ll- revierved
and analvzed. Ttlelve cuses rroc prel-iousl]-
reported xre summrrrized in Table I. The
nature of the injuries associared u.ith a lap
belr are different from those produced bv
the t$-o-potnt or dilgonal belt and thc tl,ree-
point. and lherefore these s'ill be consitiered
sepamtelv,

REST LTS

LIP BELT

-{ total of 87 eccident victims have been
collected \rho rvere rvearirg l] lap-t]-pe s&fetl.
be l t  (1 .  3 ,  5 ,  L? .  13 ,  17 ,  19 ,  z t - l j .  ? i -?9 ,
3l-34, 39, {3, 45, 16. 50, 59). Eighty oc-
curred rn ruto rccidents and seven in air.
piane creshes (l?, 39, end .I. H. \Iorion;
personal communicatioo). Thel. ranged in
age from I to il velrs. with ti\-o-thi-rds
under age :l i . l lales predominated in a
ratio of t i lo to otre.

The victim \\-{r; the driver in gS iustances,
in the right frour seat in .10, left rear in
three, right rear in three, gnd resr in four.
The position of the rictim rvas unknou.n io
nine cases- The coll ision rvas front errd in
i0 eccidents, brnrrdside in 1..1, rerr rn trr.o,
tnd unlino\1.rr in three. Four of tire seven
airpllne crash r.ictims u'ele sected side_
so.ys. lnd are cou-:idered in the broadside
group. The speed lt inrpr,ct renged from tJ
to S0 mph. but in the najorit l of cases
'$as in eYcess of 30 mph.

Intra-abdominal injuries occured in {?
of the accidenr r. ictirns- Thirtr.-nine sus.
rained intestinal nr mcsentenc rnjuries. or
both (Table II). Contusion of the inr,estine
las characterized b1. subserosal ecch.,-mo-
sis. Seromuscular te&rs \\iere longitudinal

I

Y

i

t
t

i

I

I



TABLE I
Lap gcU Izjtizt |'iol Pftlriolrtly R6?n,ta.d,

srrptornr ud Pbnicrl lTioror o
Findi4! OFr.rio. P.tloL.'

l

Xolto!

gulh,Er

ADbtitr

lS.yrFold es, tirp!.a. ! i ! .h t { i .E€ . ! r . ry
of il.ub, 3,000 ol blood

P.rtdtlioc ot j.Julub 2'
frcE L!tlE.!! ol TFir,t

P.dorrrio! di.r.l b lia&

rdb€ioB lrcE eEvi- i
ou op.Br,oo I

Dev.lop.d J- djr6.r.! | H.D.!oE. r..
iDtnEucul} h.@- $l!.d ia I
too. o.dt l rod ru- '.!Li

!.nor lo iLi.. clqr

CoaD!ur.d fr riabt
ili* ',Dg ud {' b.u-
tobor lor.r.bdoEiD.L

P.dontioo ol j.juDuD 2' Reor.Fd
flob LirtE.D! o( TEnr I

w!..

Prosrr..d to lu!-t!icl-
o... lLiD Dreir, !b.
ridth of tb. b.lt fo. 2.

P.rror.Lioq oI jejuDuo

l8-y.a.{ld b.l. drir...
l!€!d-o. .i 50 bph

22.y.tr<ld brle d.nar,

Co!cu!i6 .td ..6ur.uto-

.L€l.hl" injrri6, p.ri-
roo.Ar tup rG blod

Lor.! rbdo6io.l !.od.F

T.Dd.ros ov!' nshL !li&

ColluioD oi lor.r tbdo-
6.D, f&i6l l&.6!iorE

Abdob,na l  lende.ns ,  f :  z
nbr o! riaht, !hek

AvubioE ol .isooid E .-
.ur.ry .od scromucu-

\oD. Ri8hi ilir. rios fM.

- 1 -
Non. I TBo.v€.t tx oI L3

Ttllrt .. !..! i! o€.d-
!�.y ol il.uh 3 litd or

E..ly
12 h.

E&ly
U h r

I

S6lp l&l!.rioE, tbck,
D.rilolAl r.p p€itiv.;

tl-r..!-ld rooa! &iv.., I La.ti'.d l'ld.roa Ltt
6. !!rucr ob .i8b! !,de. | .oE.r .bdo@!tl '.tr
.uto i6T€ling 50 hph rith bor!.

iGr.r!{ld 7otu r!oD! I PsiD, r.odcG..., r.cbr-
Dr-!a.!, ri&bt frot I Eo.i! hshr lo'.! qu.d-
i!.o cor.Et lbutd.di I 6di A6d ilir clrr

Coopr.!.Iotr trk, t:( bolb
boD. ot lishr lourB,
coDtu'oa oi Lo*.r .b-
dobE^l r.Ll; D.riroo.d
lap tFic. !.a.riee; rE!i-
roo..r clrb.t r p6i!iv.:

lly..!-old 6tl. .triv.r,
h.rd-on ilto a bould.t

Lorer sbdooLoil r.!d.r,
btr .nd !p&E; p.al|te
bisb oo Ellli uErbG
ard  "p@!  d . i io i r ioo"

G.o.6ii.d .bdobiu / g.ir
lDd !€nd.b..., .�Gt y!

S.r@ tbn ,oD ov.r lia!!

Low4 rbdoEiuul brui&
aDd t nd.E6, p.rjron..l
t.p !.a!!rve i*i.e. p"ri-
iooeal c.ih.t.! p6rtiv.

6Fy.d{ld r!.d i. rtbi
trort !6c, clr ltruct
6r !t tld Uaht; b.d
ben dhoLios b€r

?l-y..r-old dsl. p4&tr.

a!r, !a6d i.d dirtiod

32-y.r.old obs€ ro@ao
pueoqe., tp..d lsd
di8riod of iEp.d u!-

t'.ya!{ld rodtD io
nahrtrcar4at !o b4d-
or Flliliob. ip..d I

aly.u-ld oM i! had-
or cotlBiob, sDed ?

Yiddl.-...d vob.o ia

TFyd{ld E.l. d.iver,
b..d.a .isht ltutri ot



SE.IT BELT DIJURIES ?no
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T.{B!E II

,p B.tt: Inteslitutl and Mev eic lttiuies
(Table III). Thirty-two fractures, seveo
subluxation-r, two ruptured disks. end trvo
complete anterior disloca.tions of the spine
rvere recorded. In slr iostances the exact
na,ture was unl(nown. Seven patients had
intra-abdominal in.juries .rs rvell. Don3l and
cervical spiDe injuries were not recorded.

Additional injuries attributed to lap
belt numbered 35 (Table IV). Eight ab-
dominal rvall injuries included trenseciion
of the rectus muscle (bilateral in trvo cases),
hematoma in three, full-thickness skio
necrosis, and delayed hernia. Fracture of
the i l irc *ing occrured in fou-r pxtienrs,
and was mos! likely reiated to door collapse

T.{3LE III
Lap Bek: Lunbar S pirLe I njuri.t

3
1 t
26

-

4
4
{

;
82

6

a rent in the serosa and externsl mus-
l&yer of the small intestine, rvhile those

in the large inresrrne extended to
The jejunum and ileum rvere

involved. Seromuscuhr tesrs oc-
in the sigmoid coloD tn-ice, ascending

colon once, and transverse colon once.

Perforation of ihe i-Dtestine rvas formed on

tbe aotimesenteric side of the borvel in all

bur tbree iDstances, and in one case transec-

fion of the jejunum was encouniered. Jeju-
Drl perforatioo was found in l5 usts,nces
and ileal perforations in eight irutances.
Three duodeual perforations occurred in the
third portion on the antimesenteric side. One
patieni rvas a right front see.t passenger
i-uvolved in a left lateral impact accideot,

Compressioa fracture. .
S u b l u x a t i o n . . .
Eracture srt icular p rocess
F rsc lu re  l am ina  snd  ped i c l es .  .  . .  . .
Complete arl terior sublurst ion. . .
Horizontal (Cbaoce Fr Lr or Lr) (10)
Tr&nsvelse process f rrcture
Ro ta t i oae l  i r ac tu re .
Disk ruprure
Posterior I  igr,meEtous !err
Lrnknown

TOT-C,L. . .

'f

I
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2

2
o

and i1\'o were drivers in head-on collisions.
Cecal perforation l\-as noted ilr irvo pa-
tients, one also suftering a sigrnoid perfora-
tion. flesenteric tears occurred three times
more frcquentll, in the small bowel than in
tbe large. The jejuaal meseDtery wls tom
perpetdicuiar to the bor!el in three i-nstrnces
rtrd traDsl,erse in four. Perpendicular tears
vere recorded 10 times iq the ilea,l mesentery,
and transverce tears \\'ere recorded in five.
The sigmoid mesenter]' was torn lo sLX
ps,tients, srith traosverse and perpendicular
tears occurriag with equal frequency, A
t'raosverse te&r at the base of the transverse
mesocolon occurred in one case. The meseo-
tery lacerations resulted in blood loss from
I to 3liteni in half the patients.

T..l,BLE IV
Lap BeIt -lccid,e s: -ldditionol Injuries

. .  o l

s
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2
2
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35

"{

G
;

3

;

Soft tissue
-{,bdomincl wall
Spleen
Omenrum
Pancress
Uterus
U!etbr&
Il iac artery
Rupture diephragm. .

The next most commorr injur]. associated
$ith lap belt use \\'as to the lumbar spine

Liver
Ftactures

Errremit ies
P e l v r s .  . .
Faciel

TOT.LL.

u b t o t a l  .  . . . . . .
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into the oceupant compariment fur one
instance. Splenic rupture occurred in three
patients, and in one rvas issociated \!ith
fractured ribs. The omentum \ras tmpu-
tated from its attrhment to the tr&nsvelre
colon in tno cases. T$o patients Nith pan-
creatitis h&d duodenal rupture as $'ell.
Onl-u- one case of uterine rupture h$ been
reported. The urethral injurl")s the onlt.one
of its kind knorvn. I l iac anen' injurl '  *ith
thrombosis occurred once.

Additional injuries not directlv related
to the lap belt rvere recorded in 30 accident
victirrL-c' reports, Iacial fractures \\-ere sus-
tained in seven ca,res, e\tremitl,frxctures in
12. and rib frtctures io t!\ 'o. Cootusion,
abrrsion. concussiorr. f:rcial and other l&cera-
tlons were among the other i-njuries. In
all irtsiilnces these injudes reere thought to
resuit from equipment failure, faultl design,
Or compartmeDt collapse. Improper place-
ment of the belt cou.ld not be ascertained,
but mav hrve contributed ro these addi-
ti.onal injuries.

Operative tre&tment rl.as indicated in 37
pltients \lho susiained lap belt injuries.
When surgical intervention was undertaken
uithin tJ hr oi injurl . morbidit.! \.&s mini-
mal and mortrl ir l n-rs lorv (TLLble \ ').
However, delal ' oi nrore than ll hr u.as
accompanied b.r- considerable morbiditl' rnd
mortalit l '  (TabLe \-). Deitbs \l-ere the result
of peritolft is rrith ovenvhelmir)s sepsis,
g,nd Nere related to de)a1-in diaenosis, the
tbdominrl f indings being musked b1. asso-
crated injur,,. The oni1. other nortelit l '
occurred ln & m&n \{ho sustl ined multiple
meseoteric lgceratiorl. in an airprlne lccr-
dcot rnd bled to derrh beiore r.esuscitlt iye
measures could be uoderttken.

TABLE v
Lcp Belt -{tlI;den!;: T;ne oj OperatiorL

;)'fj;; u-uia,." y",,.ri,'

The dirgnosis of intrs-sMomiml injun
rvas made on the basis of phl.sical findinss
or clinicll course. L\tertral e',-iderrce of belt
traumt $'ts present in less than one-thir.6
of the pstients. -{bdominal tenderness on
iuitial examination .R as present in over J0 %
of the iotra-abdominal injuries, and rra.s
erther overlooked or mssked bs Nssociated
injuries rn the remainiog cases. The presence
or absence oi borvel sounds wlts of l i tt le
diagnostic trelp. -\n elevated jmvi3se, in-
dics,tive of rrtum3tic pancrexrit j i  or rup-
tured duodenum. \\'rs not recorded. .\bdom-
ttL:iJ roentgenoer:rnus \rou.ld h;r!p be"n help-
ful in diagnosing ruptured gr:rvrd uterus
e&rl]', but did not aid tbe diagnosis of in-
testinal perforation uDtil hte. Earl1. peri-
torrerl p&rscentesis done in 13 cases w6
positive in ool,y slx and n'as falsel-1. negativs
iq seven. Eleven patients \rere ldmitted i!
shock. &nd all had iotraperitoneal blood
loss up to 3 liters.

TIVO.POI){T DI.{GON.{L .{:iD SEOULDER RE.

STR{INTS

We collected the records of gil lccident
victims rvho rvere iajured we&ring shoulder
festrl iots aloae (2, 1, 16, 19, 3j, {g).
Ttlenll '-9r1a were usiDg the t\!o.point cross
.houlder diagonal belt, aad three I shoulder
hlrness. The ages rlnged from 1? to 66
,vears, u-ith m€rr predomiDating three to
rso. The speed at impact $.as gre&ter th8n
{0 mph in :rl l  but tu o accidents. The rictim
rlrs the driver in 13 lccidents:rnd p$senger
ir 11. Since dicgonal belts cre seldom io.
strLlled rn the b.rck seirt, no such injuries rrre
recorded. Coll ision n-es lront end in l3
in.stances. side in five, rnd rear in one.

Injuries sustained fronr a shoulder re-
straiot rrere predorninantly skelet&l (Trble
VI). Rib iruccures r,r ere noted irr nrne rn.
stiutces. Four s'ere drivers, fout lere pessen.
gers, xlrd onc rvrc unknowrl. Both upper and
lol:er. lnd risht and lelt ribs $-ere fractured
in driver and passenger. Cen.ical spine
fnrctures occurred irr four cases, :r,rrd rvere
iatrl in three. Two nere associtted $,ith

Less than l !  hr .  .
l l o r e  t h a n  1 2  h . .  . . . .

'4

5 J



/ecapiution. fhe " 
onlv vert'ebral injuries

rrere compression fractures of the thoracic

aod lumbar spine Doted in three l ictrms;

ii $os tbe oIuY lnlurJ' ln l\\'o.

Skin end soft tissue injuries consisted of

five cotrtusioDs, hematoma-s, and abrasions;

;6,s l.igementous iojuries to the cen'ical

soine; ooe torn diaphragm; aqd fat necrosis

underl:-ing the extent of the belt contact

in One ]'rctlm'

Organs injured included lnryngeal con-

tusion \\'ith hematoma or fracture; liver

Isceration; liver and spleen llceration;

ruptured kidoey; Iaceraied spieen; avuJsion

of hepatic veins; rr,nd avuision ol both

renal artery e,nd vein. In iive cases intra-

,bdominal visceral injurl' \ras accom-
panied b]' fractured ribs.

-.\ddiiionrl trauma occurring in those

injured from shoulder restraints iacluded

trrio upper extremity fractures, slr iorver

e$remiiy fractures, two facial fractures,

four major laceratiots and contusions, one

severe head inju4. rnd three concussions.

In onll' five cases did the belt prevent the
victim from coll iding with the interior of
the vehicle.

In 13 of the 24 victims irjured, equip-
ment failure, fault]' design, or collapse of
passenger compartment Nas responsible
for the belt producing the injw5'or Jor the
production of associated injuries. Belt
iailure occured late in one case and did
oot contribute to injury.. Improper place-
menr of the belt under the arm contributed
to injury in one case.

Eight deaths occurred in the shoulder
restraint grcup. Fracture of ihe cen'ical
spine resulted in three fatalities. It occurred
when the door flerv open and the victim
was ejected, left hanging by his belt. Four
penons bled to de.th from iqtraperitoueal
blood loss, t*-o from fractured liver or
spleen. and trvo from major vessel tears.
The final death occurred us & result of pul-
monary insufficiency secondarr. to fat em-
boii from an area of fat necrosis along the
entire course of the belt as rr.ell a" luus

SE.TT BELT D{JURIES

TABLE VI
Sh ould.i Res tr ain L lr.j!ri6 t

4
3
I

bone r.nd rib fractures. In frve of these
c!.ses, lateral impact was recorded. The one
rvoman lr'ho had her belt under her arms in
the right front sest sustained fractrued
ribs. lacersted diaphregm. ruptured liver,
contused right kidoe.'*, and fractured left
leg, and died.

Cen'ical and upper rib cage rntury oc-
curred in those victims rvho slid under the
belt on impr,ct, shile lower rib cage and
abdominal ',-isceral iljury occurred rvhen the
hdividual rvas tbrorvn over the bet.

TIIREE.POI\T SI{OULDER RESTR.{I\T

-\ tot&l of 63 indiriduals have been in-
jured as a result of rvearing & three-point
cross shouider-lap belt restrrint (6. l;), lS).
In six instances the victim rvas the driver,
and in 17 lr p*senger ieeted in front. The
ages ranged from 1,S to 60. The n)rjorit\. of
injuries occurred ot speeds in excess of B0
mph.

The mosi common iljurv rr-as single rib
fracture, recorded irr ?0 crses (Trble VII).
\lultiple rib {racrures rsrre sustLr,ined by the
driver in si-,< sepnrr.rte acciclents. anu oy
passengers in trvo. Stern.rl frilcture $as
sustained by the driver three times ind a
pnssenger once. Five fractures of the clav-

2lL

Ll injury
frndings

'e of belt
rue-third
rness on
,t;er 5Q 7o
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ssoctated
presence
of little
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negative
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Frrctut6
Rib, siogle... . .
Rib, multiple.
S terouE.  .  . . .
C l e v i c l e . . . . . .

Abdomen
Orgaos uobowo. .
JejuDuD, perforstioD .
Duodeuum, perf orat ioo.

Coniusioos a8d sbrssionB

TAILE VII
Th".e-po;nl BeIt Injuicr

occurs (38), snd to a great extent preveat
the secoad collision of the victim Nilh the
interior oi the car. The effeci of the safery
beit in preventing fatrlitl' hlls been g51L

mated to be 10% (26). . l l though ihe se4
belts prevent serious injurl and death, 16.,
mal' expose the lverrer to addirionai 1i-
j url'.

All three major t]-pes of belts are cspsble
of producing injurl'. Each hrs its 011
characteristic pattern oI tr&ume,.

The lap belt. either becruse it is $orn
above the iliac crests or migrstes there
dur ing  t l re  acc ident .  p roduces  in jun ' to  the
abdominsl rvall or the peritooeol cont€nts.
Fift,''.-eight peReni of those iniured \\'rr,h

this restrrint suffered intra-sbdomioal in-
jurl ' , and ol ihose 95% sustained irtestital
and mesenteric trluma. One theor-\- pro-
poses thri the intestinal injuries result froqr
compression of the bon'el aglinst the ver-
tebral column (51)..\ lthough this mgy be the
cause of some injuries, it is not the cause o[
all, since the colon has periorated as nell
as the small borvel. It h:rs been postuisted

th&t during the deceleration the loadiog of
the intestine is so rapid thrt it does not have
rime to undergo elrstic deformetion, h-
hales l ike a rigid plastic tube, and actu.
trl l ] fractures (5!). Thi,s is doubtiul, how-
ever, since the aver&ge implct speed rra:
:l,i mph and front end in the ms,ioritl- of
the cases- [orces :rcting through the bc)t
did not begin to rct on the b€lt utrt i l  .10

mill isecqnds had pa-.sed from time of im.
pact. Over the next 100 mill iseconds, force
increa-sed to a m:rximum of 5,500 lb., $ere
reduced to an estimxted -)0 c, aod r';ere
question&bll '  able to rci fast enough to er'
ceed the el,rstic properties oi the intesthe.
As the eictim proceeG forsard, the belt
is loaded. Beccuse of elstic propenies it

stretches from 3 to ti iDches. The belt recotJ
is mininral, Hos ever, this force is applied
to the abdomen .rlso. The dur.ri ioo ol thte
iorce ma.v be of sufi icie[t duration to busl
the intestine (Fig. 1) or terlr the mesentert
(Fig. :1. Furthermore, since the mxronty
of perforations were xntimesenteric, it is ul-

E

I
3

l1

+
2
I

icle were noted. Slight sup€rficisl s'ound of

the cheek due to the belt webbing \1'as noted
twice. The remsioing injuries included con-
tusion from the belt and back strain.
Iruuftcient inJormatioq is r.vailable to
determine the nature of the intra-abdominal
iojuries in three cases. Ho*'ever, rupture of
the duodenum sas reported in trro in-

stances aqd perforation of the jejunum in

oqe csse.
Additional injuries have been recorded

rvhich rvere uot felt to be related to the belt.
[orty-t*'o of the facial lacerations Nere
-refere. Extensive trauma io the upper
extremity occurred in eight instances and
to the lolier exiremity in trvo. Only three
deaths occurred, and in all ihe speed lt
impact rvss ia excess of 60 mph. -\lthough
irl-sufficient data are avai.lcble, these addi-
tional injuries e-ere most likely due to
comparimen! colhpse, faLrlt! desiqrr. equip-
ment failure, or improper placement of the
restraioiog device.

DISCUSSION

The automotive restraining devices hrve
three beneficial effects duriog r coll ision.
Thel' prevent ejection (47, .53), .r. l lorv the
occupaot io decelerate with the car during
the fint fel' milliseconds rvhen energy-
absorbing plastic deformation of the car
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freell at the rime of imprct. These injuries
occurred l ith iront errd coll ision, r,nd ltrely
\\-ere seen \\ it lr the other restraints. L nique
to the l irp belt i,s the bil:tterl l transr.erse
tructu.re of Ll or L3 clescribed b1. C'hance
(10) .

-\dditional visceral iujuries due to the
lap belt rvere due to clir.ect violence, gener-
all-"- from an il l-phced belt. .\ l though

213

FIo l  I i  is posrLLlrred thrt (-L) seromusculr!  rer6 occur irom direcl vlul(,uce oi rhe lrp se$r belt3ctLog tbrough the rbd,minal * 'olL snd (Br burst ing is the resl l t ,  oi :r  frLncrion;rr croseir loop obstrqctionincrecsing intralrLmt nlr ' l  pressuae.

l i lel-v that they rr.ere produced b,v fractrrre.
iurther jnvestig:rt ion rri l l  be necessarj, com_
pletely to eluciditc the extct role of the -.eat
belt in producing fu.acture, or i[testinel
and mesenteric injur1..

The lap belt l lso
rn ju r ] ' to  the  lumbr r
protected from severe
ing nheel, while the

exposes the user to
-.pirre. The drir.er is
flexion bJ. t ire steer-
pNsengers ma-u-. flex
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Frc 2. l lesenieric r:r ;urtes from rhe i .rpi belr nr8) '  .es, i l t  i rom drrer: !r l i l tnce prodrlcrng a hemr'
toma (.1) ot e perpendrcrr lrr re.rr (B) I ' rrr,r l lel  mesenteri( te;rrs (C) mll  be clrrsed bl entrrpmeDt

ol the intest ine al.rnq the mesenieric border.

sever&l cases {)i pregnlrut tlterine trrumil
(41) due io r safetl belt have been re'
ported, onh t\ro rPsulted irt a ruptured
(3{) or avul-*ed Ltteru} (:19)
. The t\vo-poir)t or dirgonol belt causes
predoninanth' -kelettl injuries to the bs.
sternunr, xnd spine. -\ lthotrgh some pocliet-

ing occurs iu the belt at the level of the neck,

in,iury still s'rs produced. Furthermore,
rvhen doors opened. the belt dirl not prevent
submrrining lod tjection. St'vere flexjon
over the belt, rvhether it is lppLied cor-
rectl! r)r ' irrcrirtectl l . eslrrsecl the \reirter t0
severc intrr-irbdominal injuries lnd a pos-
sible mortrrl i t! r lte of :J:j '1.

The thrce-l)oir)t beii hus been the mo.d
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effective restruining device in nttenuating

occupant iojur\ ' Io deaths have been

reported in collisions up to 00 mph. as

opposed to c co[trol series $here unre-

sinined occupants $ere subject to fatalit] '

throughout the impact ':peed spectrums.

(hesi injury r'as most common $ith this

belt s] 'stem, occurriog in 2% to .i% of the

iojured. The three individuals \\'ho \rere

killed suffered fataL head injuries at impact

soeeds in excess of 60 mph. These herd in-

turies and the 1.1% additional injuries, not

cttrjbuted clirectl l '  to t l le lc,p or t lto-point

belt, occurred in :l0i and i-l4 oi the ric-

1lrns respectivell ' . l l : i th the three-point belt

on, 1.5% of those injured had additional

injury.
It can be seen thrt the combination of

lap lnd shoulder restraint s!-stem gives the

gre&tesi proteclioo agrirrst irrjun. This is

not surprising, since it has been sho$'n

ihl}t at impact speeds of 30 mph the re-

shained pa.ssenger terrds to decelerate rvith

the decressing pa-rsenger comprrtment vel-

ocit-v- sooner tharr the unrestrained occu-
pant. Furthermore. peak chest deceleration
is reduced from 15 o tr-r 9 y. tJi more im-
portrnce, this force is ripplied to the sturdl'
rhorrx (38).

The high incidence of associated injuries
ro the he:rd rld estremities deserves con-
sideration. -\ttcntion must be directed to
interior design modificlt iorr-s oi the vehicle
io order to prevent t l le restrained occup&nt
from injurl' by striliing the interior of the
car. If this caunot be done, then energl-
absorbins mlterials should be pl.rced at
the vulnerrbie corrt&ct points (l.tE). -\n
even more -renouJ ctruse of rssocilted in-
Jury )s pe[etration of the passenger com-
partment. This has resulted in rr mortalitr-
lnd morbidit l '  rate that far exceeds non-
penerfating accidents,

Since the exterr-., ive use of the lap-shoulder
restraint i] 'stem $il l be slorvlr. adopted,
rnd since more :tuto ,rccup{urt: l}Ie \\earitrg
lap belts, the phl.sician musr be $lert to
tnjurv potenti;t l  oi rhis tlevice rrheu cirring

for ln accident victim rvho has been weat-
ing such a restraint. . lust bectuse ln in-
dividucl has been *erriug l hp belt does
not me&n he is uninjured. If the injury is
diagnosed rrd treated earll ' ,  survilal is
assured.

Iiur more delths lrrd morbiditl' resu.lt
from irrck of restraints thc.n $ith them
(:, S. 9, 10, :6, 37, 4;, {S. i3). The loss of
man hours and dollars c&n be attenutted
bl' intense public education rnd a plerr for
ttsing safetl '  restraints.

SL]I]I-{Rl'

1. This study investigates the nsture of
safetl- belt injuries based oo rn anal_n-sis of
those cJLres l'hich lpperr,r in the literature
as !\ 'ell as some tlot previouslr. reported.
The injurl '  pattern iJ characteristic for egch
t,\'pe oi restrtint s]'stem,

3. Eight.r '-severr rccideut r ictins re-
ceived irjurv from a lrrp-t1'pe beli,. Intra-
lbdominnl trtum& \r&s found in {9 cases,
and involved ihe intestine or its mesentery
in i l9. Fift l '-one injuries to the lumbar spine
occurred, and in seven r,;ere associeted r-ith
intra-abdominal injnrv as rvell. Thirt_'--six
victims receir-ed rrrlt l ir ioual injur,,- not re-
lated to the belt. I ' , 'rrr delths occurred.

3. -\ tto-point , l irLgonrl or shoulder
restrsint produced injun' to l{ eccident
victinrs. Skeletrl injrrr ',r- predominated, with
nine inslances of fractured ribs arrd four
cases of fracture dislocltion of the cervicsl
spine. \-isceral injurl '  s.hen noted n'rs
-:er-ere. Eiqhr clelths occurrerl in this group.
Thirteel received il jul l 'not teltted to the
belt.

{. Slrtl -three acciclent victims received
injurl '  from d. three-point (shoulder-lap)
belt. Fractures of the l ibs, cl:rvicie or ster-
num \\ 'ere the most comnron- [ntrl-abdomi-
nal injurl- \\-[s rcre. Thrt'e drlths s-ere re-
corded,  r l l  r t .peeG o ter  l iO  mph.

i. It, is e-rtim.rted t)rut iu the m,rjority
o[ lccidents the victim soulcl nave oeen
L i l led  r r r rhout  i r  resr r l i r r ing  r le \ i ce .

6. On tire busis of t lt is.iud.\-, a combi[s-
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tion shoulder 8nd lap restraint system rs
most efrective in preventirg iniury and
mortality.
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ADDE.\iDU}I
Sett belt injurl. case summary as re-

corded by a letter from .Iames A. I{arkins,
)[.D., Februarl- 16, 1970, Nerl- London,
Con0ecticut,

The victim t'as a Z9-year-old mau who
was probabll' sleeping in the right front
seai of a 1963 four-door hcrd-top Pootiac.
The vehicle left the Boston Post Road in the
toun of Waterford, Countv ol' \err' Loodon
and State of Counecticut, striking r f ired
object. The vehicle sustained predominantly
right front end damrge. The speed at im-
pact $'as estimated to be approximately
35 mph.

Immediately follorving the accident, the
driver unbuckled the seat belt of the passen-
ger. The latter was tr&nsported to s hos-
pital, \'here he rvas found to have multiple
facial lacerations and a fractured nose re-
quiring 60 sutures. Thirteen hours follo$ing
the accident the pstient deteriorated eod
died. -{t autopsy he was iound to have
laceratious of the mesentery oi both the
small rnd large bo,r'el, with abrasions and
superficial laceration of the right los-er
qurdrirD! approximately .l cm cbove the
anterior superior iliac spine.

The victim F-as most likely asleep and
slouched in his sest *-ith hjs belt rvell ebovo
his iliac crest. .\t the iime of the accideut
he rlas tbrorvrr forward, striking hls head
against the rrirrdshield, rvhich rvas starred
from impact, rrrd sustained the facial lacera-
tions and fractured rose. The restroioiag de-
vice cut deepif into the abdomen and pro-
duced the mesenteric injuries. His death rvas
most l i lel-v caused bl' misdirgnosis.

DISCUSSIO:[

Dn. Fneoenrcx Br:{KFELDT, JR. (l l i lwau-
kee, \Yisconsin): I *-ish to compliment the
ruthors orl the tremendous lmount of rvork
they have done, but I think this is ooly
Part I of an excellent prper. -{ follorr--up
paper could be done b;, compuring the re-
sults rith lccidents on rr complrable level
obtrined from tbe trIotor \-ehicle Depart-
ments. The.v', u'ould be ver) happ-,* to do
this. Then you $il l  be able to tell the value
oi the seat belts.
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Dn. Wrr,r,rev )I. Sr,r'xr, (New York'

New York): This presentation again afrfirms
the results of the Cornell Crash Survey'

That study compared the injuries resulting

from speci-6c types of sccident, with aod

without sest belts. It did shorv the excellent
prot€ctioo sfforded b,v almost any t]'pe of

resrramt.
I have one question. It seems thst the fail-

ures with the chest belt resu.lied in severe
trauma; in other lrords, fractures at the

fi-xation point of the los-er cen'icel spine, or

complete ejectioDs. This suggests ihat the

cross-chest belt is protective for a more
severe accident situation tban is the cross-
ebdominal belt-

Do you have an-"- comparative informs-

tion on the tl"pes of accident in these two
groups? Thar is. do you have any i-nr'orma-
tion as to whether failure of cross-chest
belts results io more severe injuries t'haa
does failure of the cross-seat abdominnl
b€lt?

Dn. W. G. ScxPvr, Jn. (Buffslo, Neq'
York): I have ooe comment and one ques-

tion. I got the impression that the Iap belt
was Dot iDdeed being rrorn as a l&p belt,
but &s an aMominal belt, and that some of
the injiries might not have occurred if the
belt had been wom properly.

NIy other comment rvas in relatiolt to
tbe cross shest belt. lVas this being rvorn
Fith or qithout a lsP beli?

As we know, the cases of cervicll spine
injury and decapitation reported by Gikas
snd others have pointed out th&t the cross-
chest belt worn alone is more of a hazard
than o safeiy feature. I r-ondered iJ the
authors' experience in relation to these
cs.ses of serious injury had indicated thai
both belts were being r'r'orn properly.

Dn. J.strs S. Wrrr,t.rrts (closing) r h
aci\t-er to ihe comments of the fint speaLua'
it is difficult to do cootrol st'udies. We fi[d
tbis inlormation from & number oi caie
records and from accident reports tbrough.

out this couDtry eod in Europe, so that it i!
di-frcult to make an]- kind of control stu6,
and come up with an.v meinirrgful ansrvq1*

llrith regard to tbe comment of the t\'o-
point belt being a perhrps more leth4
device. This appeirs to be true in the se6.
that the severity oi aOcide[ts $i\s ese[.
rirlly matched in both groups. und Iet thc
severirl ' of injuries irr the tso-point group
t'as considerably higher'

The comment &bout the lbdomir&l hlt,
ss indicated b1'the picture, rs true rD some
cases. The belt w'm worn high, and there.
fore the restrcidog beneFts sere absorft6
by the abdomeu it.sef, snd not b1'the iliag
crest. We have three cases in rvhich tbe
ring of the iliurn rvas frtictued. but thst
was the only injury. In those cases the belt6
were being \rorn ProPerl)"

In arswer to the last discusser's question,

there h&ve been three additional injuries o
pregnent women resulting in a ruptued
uterus. There were & total of 26 cases ctl'
Iected by Snyder, and about 50% of thesr
hrrd infant mortelrty.

.{ couple of the patients had had previots

operrtions. We found nobodl' rvho de

veloped & hernir from this type of inju4'.

I rvould hope that, in the tuture, desrgn

of vehicles rvould be such thet the co$p8!t-

ment coli lpse that se h&ve seen ti l l  h

remedied. 1Ve are presenil-v doing a study

on 1968 model lutomobile &ccidents, and

agai.n we 6.nd equipmcnt fnilure. We 6ad

compsrtment collapse {r!d injuries proCuced

bv the interior of the vehicle.


