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ABSTRACT — The lap scat belt has prevented
muny traffic fatalitics during the past decade.
With the use of this protective device, however,
cerinin chavacteristic traumatic lesions lave oc-
curred in sume cuses. A mudtidisciplined approach
1o their treatment and the possible prevention nf
wch injuries by a combination of the cross-chest
srap and lap seat belt is presented,

This multidisciplined clinical study is from
she University of Michigan Highway Safety Re-
warch Institwte. The study was supported by a
grant made by dlvin M. Bentley and in part by
USPHS grant 100008 from the Injury Cantrol
Program, National Center for Urban and Indwus-
rial Health,

Much of the initial daa on occupant kinema-
tics and injury reduction has heen collected from
simulated accidents employing dummies or cada-
vers as car occupants. At our institution on-the-
scene investigations of fatal automobile accidents
have been conducted, correlating the [atal injuries
with the objects that vroduced these fatalities
(¢jeccion, steering, sssonbly, inserument panei,
ete.) v und the pathologic findings in che
fwatly injured. a

The present review wds underiaken because
there are fow reports available which describe the
special problems of persons wearing lap belts who
survive accidents. A well~coordinated, multidisci-

From the University of Michigan Medical
School, Department of Surgery: Dr. Schneider,
Section of Neurosurgery; Dz, Smith, Section of
Osthopedic Surgery; Dr. Grabb, Section of Plastic
Surgery; Dr. Turcoite, Section of General Surgery.
Dr. Huelke is @ member of the Department of
dnatomy.
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plined team of physicians should provide not
only treatment for the injured in such uaffic acci-
dents, but also assembie significant clinical data
for research purposes as an aid to [uture injury
preveatative ncasures.

LAP SEAT BELTS have been proven effective

in preventing many serious and fatal injuries.
1,3,3,11,12,12,33,31,42.40.48

However, it is possible that a new protective
device preventing one type of injury or fatality
may cause undue stresses in other body areas pro-
ducing different traumatic lesions. Sporadic re-
ports have appeared in the literature related to
seal helt injuriﬁﬁ,ﬂ.l.D.IU.H.I.T.=.2l\.2ﬁ.3.3.13.31.i1.“: the
most comprehensive review being presented by
Snyder, et al3#

At the outset it must be emphasized that
this article is written not lo condemn lup scal
belts but to advocate them, for without these
safety mcasures more scrious injuries and fa-
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CONTINUED: LAP SEAT BELT INJURIES

talities would accur in automobile collisions.
0,44

The substitution of a shoulder-lap belt com-
bination3.1%:3.3.3¢ for only the single lap seat belt
is gradually evolving as the next step forward
which the public must take to alford further pro-
tection. Indeed, one wmay face the possible appear
ance of dificrent important sequelae with this in-
novation, but like the use of lap seat belts, it
should not be a deterrent from a shift toward ini-
proved safety equipment, Cooperative studies by
the phwsician, automative cngineer, and highway
safety teams must continue and be expanded.

FIVE CASE REPORTS of patients with injuries
{rom automobile mishaps are presented 1o illus
trate certain types ol lesions which may be asso-
ciated with the use of lap seat belus.

Hecause of the specific mechanisms involved, the
investigation of these principles by the team ap-
proach provides a beter undentanding of the
type of weatment which is necessary and the best
opportunity for full recovery of that patient.

CASE REPORTS

Cervical Spine Fracture
And Vocal Cord Paralysis

Case 1:3%* R.M. a young millworker, was ad-
mitted to the hospital on June 5, 1962, having
been injured 42 hours previously in a two-car col-
lision. He was wearing a lap scat belt. Although
stennsad, he was not unconscious and recatled that
his head had flexed acutely forward resulting in
the steering wheel catchifig him beneath the chin
(Fig. 1A)~ Immediately after the injury, his res-
pirations were very labored with sridor and su-
praclavicular retraction. He could not spcak above
a whisper, and on aitempting to swallow Auids a
marked retropharyngeal swelling caused him to
choke. There was a complete paralysis of the right
vocul cord, marked paresis of the le{lt cord, and
displacement of the left arytenoid cartilage. Rocnt-
genograms of the cervical spine demonstrated an
avulsion of the neural arch of the second cervical
vertebra from its body with slight disruption of

*Reprinted courtesy Journal of Neurosurgery, XXI1,
No. LI, 141154, (1965)
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Fig. 1A:
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Initially the patient sustains acute flexion-gf the :
cervical spine catching the chin on the steering
wheel. The diagram demonstrales the severe '

hyperextension of the cervical spine, which, with
the slumping of the body, provides the mech-
anism for the hangman's fracture.

the pedicles of the third cervical veriebra (Fig.
1B). A marked degree of swelling was demon-
strated in the retroesophageal area at C4, C5, and
C6 vertebrae.

Traction with Crutchfield skeletal tongs was ap-
plied shorty after admission to the hospital. A
tracheostomy had been performed after the acci-
dent. \With the exception of the above findings,
there was no neurologic deficit. Skeletal trac-
tion was continued until shartly before discharge
from the fiospital ninc weeks after injury, and a
cervical brace was instituted (Fig. 1C). Al this
time the tracheostomy was still necessary. Subsc-
quent laryngeal surgery was required to restor
the patient’s voice.

A [ollow-up evaluation on November 1. 1963
showed no neurologic abnormality except {o:
slight soreness of the musculature of the neck.

Comment: The patient was originally admite
to the neurosurgical service because of his cervica
spinc fracture and was treated in skeleral tracuo
as 2 method of stabilization. Because of h
marked retropharyngeal swelling and the con

MICHIGAN MEDICINE, FEBRUARY, 1%
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Fig. 1 (B & C).

realignment and some healing of the fracture.

plete paralysis of his right vocal cord and paresis
of the left one, it was necessary for him to have a
iracheostomy. Subsequently, the otolaryngologist
performed laryngeal surgery in order to restore
the patient's voice.

The patient recalled Aexing his forehead down.-
ward. catching his chin axver the steerin wheel
and throwing his neck into some hyperextension.
He was wearing a lap seat belt which, no doubt,
prevented him {rom siriking other parts of the in.
werior of the car more severely but resulted in the
patieat “hanging” himself on the steering wheel.
In 1965, Schneider, et aP? presented eight cases
of traffic accidents in which the patients sustained
a fracturedislocation of C2 and C3 vertebra with
a bilateral avulsion of the laminar arches {rom
the C2 vertebral body. This injury usually was
associated with little or no neurologic deficit, and
the spine healed quite readily without operation
as long as adequate external hxation was pro
vided. A well fitting four-post brace worn for ten

FEBRUARY, 1968, MICHIGAN MEDICINE

fig. 18: Lateral x-rays show an avulsion of the neural arch of the 2nd cervi-
cal vertebra with slight disruption of the pedicles of the C3 vertebra. (Fram
schneider et al, Journal of Neurosurgery, 22, No, 2: 141-154, 1965).

fig. 1C: Repeat cervical spine x-rays with the patient in a brace show good

weeks is quite adequate [or these purposes. This-
report was made by (wo NCurosurgeons {Schneider
and Livingston) working in cooperation with two
British anatomists (Cave and Hamilton). The lat.
ter had observed that this highway accident injury
was similar 1o thai seen in judicial hanging where
the “drop” technique was used. The lesion iwself
was ably described by Wood-Jones*? (Fig. ID) and
subsequently confirmed bw other authors.# The
mechanism for the development of “hangmaun's
fracture” is best related by quoting from the arti-
cle by Schneider et aP?: ™. . . not only do the
joints of the atlanto-axial complex confer upon the
skull the requisite range of mobility (flexion, ex-
tension, rocation) but the complex itsell serves
also o transmit the weight of the cranium to the
unmodified portion of the cervical spinal column,
which begins at the third cervical vertcbra.

The junction of the cervicocranium with the
(so to speak) vertcbral column proper constitutes
a site of mechanical weakness in the spine and

m
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here the third cervical vertebra formis a fixed
point. The application of such a disruptive force
as that operative in judicial hanging will wend al-
ways ¢ detach the cervicocranium from the rest
of the veriebral column. The situation of the line
of {racture in judicial hanging (through the neu-
ral arch of the axis or even through its body or
through that of che third vertebra) is, therefore,
undenstandable, purticularly when the normal

Tig. 2.

The Weshwt (rsest i Cuyuule O P, Fraeer's seriee i judleisd
B bagtdtigions  Smcpuaiid mons 1o 10 oIV 04 Bbar FIVIN T YT bosdy 5
[ T R T PP I e

Fig. 1D:
Reprinted from article by F. Wood-Jones+*

Flg. 1E:

Anterioar and lateral aspects of craniocervical
region ta iliustrate the lines of transmission of
cranial weight through the atlanto-axial complex
to the spinal column proper and the consequent
mechanical vulnerability of the neural arch of
the axis (AJ.E. Cave). (From Schneider et ai,

Journal of Neurosurgery, 22, No. 2: 141-154,
1965)
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lines of transmission of cranial w
ciated (Fig. 1E). The weight of the sky) and jp,
contents is transmitted bilaterally through the o
cipital condyle, the lateral mass of the atlay, apg
the superior articular process of the axis, the twy
lines uniting in the body of the axis caudal 5
the base of the odontoid process. Thence, weight
is transmitted farther caudally along three diy

lines, namely along the line of the vertebral bod.
ies and discs medianly and along the line of by
[rre- and post-zygapophyses bilaterally, These three
lines ol transmission diverge from the focal poing’
in the hody of the axis already mentioned, each)
of the lateral lines pasting through the weaker
point ol the neural arch of the axjs which is thin.
predisposed 1o rupture in a hangman’s fracture,
however induced. Naturally, the sequelae of hang.
man's {raciure can be studied only in victimy of
trafhic accidents who have sustained such a frac.
ture and yvet have survived.” 4

eight are lppn'i

e T
Perhaps some of these neck [racture patients
sustain their injuries on the steering wheel or, in-
a similar fashion. by “hanging” themsclves on the’
instrument pane! with severe hyperextension of.
the cervical spine and the downward jerk of the
hody as it flexes farward to the floor of the ye.
hicle, :

Lumbar Spine Fracture-Dislocation
And Perforation of Small Bowel

Case 2: This nine-year ald, right handed girk:
was involved in an automobile accident on March
1. 190iA, She was thrown forward striking her head
against the righe side of the instrument panel
vendering lier traasiently unconscious. This oo
curred in spite of the fact that she was wearning a-
lap seat belt. [t should be emphasized that the’
seat belt sas somewhat loosely applicd. She had
2 headuche and lower back pain. Her viwa! signss
were normal and her pupils were equal and ac-
tive. There was bilateral periorbital ecchymouis’
which was more marked around che left eye. Sha

ER TS S

. had bilareral abrasions and ecchymosis over the

iliac crest and the inguinal ligaments (Fig. 2A}.
With the exception of the marked spasms of the.
abdominal niusculature, originally auribuwd_ o
spinal cord injury and abdominal wall contusion, :
there were no neurologic findings.

X-ravs of the skull demonstrated a linear I_cf!
[rontal skull fracture (Fig. 28). The lumbar spine
films demonstrated a1 distraction [racture-disioca-

MICHIGAN MEDICINE, FEBRUARY, 1968
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uon at the L2.L3 intervertebral space with a mild
.omprcs.sion {racture of the L3 vertebral body
{Figs. 2C and 2D).

The patient was treated initially with bed rest
anlv, Her uabdominal signs disappeared and she
bcghn cating nommally, Thirceen days following
her injury the surgicul interm noted increasing
riglit lower quadrint  tendermness. Subsequently,

Fig. 2A.

The photograph taken a week after injury shows
bilateral periorbital ecchymosis, a laceration at
the left angle of the mouth, and bilateral ab-
dominal abrasions abave both iliac crests in the
inguinal regions anteriorly,

FEBRUARY, 1968, MICHIGAN MEDICINE -
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Fig. 28.

The skull x-ray demonstrates the
left linear frontal fracture.

she became nauseated and vomited intermintently.
The WBC rose to 13,500 and a Nat plate and up-
right x-ray of the abdgmen were compatible with
bowel obstruction. General surgical consultation
was obtained .and operation was advised. At op-
eration 2 point of nearly complete obstruction of
the distal ileum t0 inche:s proximai w0 the ilco-
cecal valve was found. The ilium had been in-
jured on its mesenteric border in two adjacent
areas. The obstruction was caused by a combina-
tion of scarming and adhesions of nearby loops of
bowel to the site of injury. Ten inches of small
bowe! were resected (Turcotte) and continuity was
reestablished by an end-to-end anastomosis. Two-
hundred m! of sterile serous Auid was aspirated
from the peritoneum. Pathologic examination of
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CONTINUED: LAP SEAT BELT INJURIES

the resscted bowel demonstrated a probable site
ol perforation which subsequently sealed. On
April 5, 1966, the orthopedic surgeon {Smith)
exposed the spinal distraction [fracturedislocation
site and found rupture of the intepspinous liga-
ment, rupture of the capsular ligament of the
facets, rupture of the ligamentum Havum and
complete dislocation of the [acets. The L2.L3 in-
terspinous «istance was approximately twice nor-
mal. These spinous proccases were wired together
and 2 spinal fusion wus performed using an Hiac
hone gralt. Postoperative x-rays ol the lumbar
spine showed almost complete correction of the
deformity (Figs. 2E and 2F). She was placed in
a body cast and discharged [rom the hospital on
April 21, 1966. At this time she was neurological-
ly negative and asymptomatic.

Comment: This little patient had a combina-
tion of cranial, spinal, and abdominal injuries,
possibly due ta the fact that her seat belt was hot
properly tightened.1* Nevertheless, this restraint
very likely kept her {rom striking her chest and
abdomen against the instrument panel, the object
most {requently struck in [ront right pasienger
{atalities

Fig. 2 (C & D).
Fig. 2C. Lumbar spine x-rays demonstrate the degree of distraction at 12-L3
and L3-L4 intervertebral spaces. This is well ilustrated by the arrows adja-
cent to the distorted spinous processes.
vig. 20. The lateral view of the jumbar spine demonstrates the enlargement

of the L2-L3 intervertebral foramen due to distraction of the joints. _

#
’_175

Fortunately, the skull fracture was merely

linear one in the frontal area. It was uncom g? "§
cated by any intracranial traumatic lesion. Smiu:
and Kauler?? have shown that while a myriad of !
lesions is produced in belted individuals the oniy. 4
lesion that it unique o seat belt (lap) usen :
the pattern of the mid-lumbar spine injuries Ur,--'ff

like any other lumbar spine injury it is charee o
terized by: ¥

, , , i
1) Rupeure of the interspinous ligaments, con.. S
sequently widening of he interspinous space. .3
2) Rupture of the capsular ligaments of (hg'f'
facets, v
3) Complete Tupture of the ligamentum ﬂ“m-4
4) Marked widening of the intervertebral fora--3
mina. “ﬁ-
5) Minimal compression of the amcrior-mosi':-..‘,
part of the lower vertebral bedy, or a variation o{’i
the pattern, the chiel of which is 2 [racwurg ex.
tending horizontally through the body, the pedi-
cle, the transverse process and the spinous proc
esses.

™

This pattern hai been duplicated twenty-one B
times in this series. The lap seat belt modifies
4

st
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These x-rays show the reapproximation of the L2 and L3 spinous processes

and the stabilization of the ifumbar spine by the wiring and spinal fusion
which was performed.

the collision forces in such a way as to be a sig-
nificant factor in thie production of this unique
lumbar spine injury.

Neither the skull fracture nor the distraction-
fracture of the spine was associated with neuro
logic deficit, The abraded skin across the groin
bilaterally s a 1ypical lap seat belt contusiont
The child’s iniual abdominal signs were probubly
flue ta 2 combination of contused atklominal wall
and a contused or perforated bowel, Mihough
spinal cord injuries may be-associated with a para-
yuic ileus, a (racture-dislocation at the L2-L3 in-
terspace could not account for the rectus muscle
spasm. A spinal cord injury at this level would
mnanifest iself by neurologic signs in the lower
extremities, and not in the trunk or abdomen.
The signs which appeured two weeks alter injury
were due to intestinal obstruction, Alertness of
the surgical intern in. detecting these signs and
the promnpt surgical treatment allowed complete
recovery from this injury. Surgeons should be
aware that injuries severe enough Lo contuse the
abdominal wall may also contuse intra-abdominal
viscera, This may lead w delaved perforation,
scarring, hemorrhage, or intramural hematoma
formation in bowel. Other cases of lap sear belt

FEBRUARY, 1968, MICHIGAN MEDICINEA-
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injuries associated with ruptured viscera have been
been reported3.2.=41

A comprehensive review of the various seat belt
injuries has been presented by Snyder ef al3

Fractures of Roofs of Both Orbits
And the Nasc-orhital Region

Case 3: 1S, a small forty-one year old, right
handed housewile, was occupying the f{roat pas-
senger seat in an automobfle which was invelved
in a head-on collision on December 14, 1966 (Fig.
3AY. The rejuliing damage was photographed by
the anatomist (Huelke), The patient’s husband,
who did not have his seat belt fastened, struck
the windshield (Fig. 3B) and sustained lacerations
and bruises of his face and scalp. He was not ren-
dered unconscious. His wife had her lap seat beli
fastened but nevertheless struck her head oa the

. edge of the instrument panel (Figs. 3C thru 3F).

She did not lose consciousness. U examination
her blood pressure was 170/100 and her pulse was
88 per minute. There was a bloody serous Huid
exuding from both nostrils. She had a 4-centi-
meter laceration medial to the right eye, but her
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i CONTINUED: LAP SEAT BELT

INJURIES
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Fig. 3B.

The driver, who was not wearing a seat belt,
struck the windshield with his head. The point
of impact is at the center of the ‘spider web' of
shattered glass, while the point where he sus-
tained his lacerations is abaut six inches below.
This downward arcing of the head thus accounts
for the slicing lacerations so commenly seen in
accident victims striking the old type of wind-
shield gtass.®* (Since 1965 American model cars
have used a new improved windshield which
markedly reduces the frequency and severity of
tacial lacerations).

178
:

—

Fig. 30.

The acute symmetrical blow of the head against
the dashboard is shown with considerable hyper-
extension of the neck. Note the restraining ac
tion of the seat belt with the associated flexion
of the fumbar spine. This type of pattern is es
pecially true for small occupants. Taller individ-
uals will strike the top of the instrument panel.

MICHIGAN MEDICINE, FEBRUARY, 196

‘ Fig. 3A. :
L £ i . \ and wearing a seat belt, was thrown forward so °
il The result of the head-on collision in which that his head struck the unpadded and unyield--
! the patient was injured is shown. ing instrument panel, Only smudge mark$on-the
3 edge of the instrument panel indicated the paint -
i of impact,
i'
|
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Fig. 3 (E & F).

( The anterior and lateral view exhibit the compourd fracture of the nose and
marked inward displacement of the nasal bone.

)

Fig. 3 (G & H).

Fig. 3G: The lateral view of the nase shows the comminuted depressnon of
the nasal bone. The paperthin bones (lacrimal bone and lamina papyracea
of ethmoid bone) which make up the medial wall of the orbit have aiso been
fractured and disptaced backward.

Fig. 3H: The fracture of the cribriform plate is demonstrated anteriorly.

—
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- pupils were equal and reacted to light. A subcon- the roof of both orbils as well as fractures ef g, -
“ junctival hemorrhage was noted in the right eye right zvgoma, nasal bones, and medial wally o
o and the extraoculur movements impaired in all both erbits (Fig. 3H). .
=il directions; the right pupil was 2 millimeters larg- A anscoronal incision was made and 3 p;
N 2 cr.th.'lm the left. The remainder of her neurologic frontal craniotomy based on a right lcmponli
am i e¢xamination was normal. muscle flap was performed by the neurosurgeon ‘1
Falln Skull x-rays showed pneumocephalus and dem- (Schneider), The inner table of the frontal . {
o onstrated the depressed comminuted compound gion had been avulsed from the outer tabie bily.
'ly i [racture at the nasion (Fig. 3G) with [ractures of erally as a solid picce {(en bloc) carrying with i X
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il Fig. 3. . 1
N insert top, left: Site of cranictomy exposure, : _
wll ! Insert top, right: Actual photograph of site of “en bloc” avulsion of inner
it ‘table of frontal bone bilateraliy including cribriform plate, crista galli and
AN the roof of both orbits (dotted line),
it % Lowsr diagram: This drawing identifies the structures at the site of the
it lesion seen in the photograph abave, .
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The patient is seen five months postoperatively with the nasal bones in their

normal position.

the crista galli and the anterior portions of the
roofs of the orbit bilaterally (Fig. 3I). The inner
and outer bone tables were wired cogether. The
posterior orbital roo! was completely morcellated
bilaterally and had tc be cxcised piecemcal. Four
lacerations in the durs could be readily closed by
simple suture. \WWhen thtse suture lines were tested
by the injection of iluligo carmine intradunally,

e dura was watertight. The plastic surgeon

(Crabb) then repaired the {acial lacerations and
performed an open reduction and internal wire
fixation of the nasal fractures The patient re.
ceived triple antibiotic therapy and made an un-
eventful recovery. She was discha on Decem-
ber %0, 1966, with'slight diplopia on left lateral
gaze.

Five. months postoperatively at a retum visit
she was mentally alen, asympromatic, and had ob-
tained a good cosmetic result (Figs. 3] and 3K).

Comment: In this accident the driver was not
wearing his lap seat Ielt and was thrown forward
FEBRUARY, 1968, MICHIGAN MEDICINE

'

over the steering wheel striking the windshicld
with his face. The lacerations which he sustained
were typical of those occurring by downward head
movement with the fuce passing through the glass
as lhas been dewcribed by Fluelke, Grabb, 2nd
Dingman.®t The point of impact in this accident
was head-on, more in line with the front guest
passenger; the driver was somewhat protected by
the steering wheel,

In the case of his wife, who was in line with
the impact, the scat belt undoubtedly saved her
life but neverthelew she struck her head on the un-

and unyielding instrument paned, Extern-
ally the most striking feature of her injury was 2
markedly depressed naso-orbital [racture, the ex-
tent of which was confirmed by the x-my exam-
ination. She alio had bilateral bloody cerebro-
spinal fluid rhinorrhea indicating communication
with the subarachnoid space. If such drainage is
permitted to continue untreated surgically, the
r-sult may well be future chronic bouws of men-
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ingitls, or brain abscess and subsequent death.3t

In this case the skull fracture was unique
in that the entire inner table of the skull,
including the criste galli and the roof of both
orbits was avulsed completely and almost sym-
metrically, en blor, as a single huge fragment
of bone,

Although there were multiple bony {ragments
at the poaterior portion of the orbits, fortunately
there was no damage to the orhitxl contents. This
has not heen the uaual experience of the neuro-
surgeon who has repaired approximately 75 such
post-iraumatic {rontal cerebrospinal ftuid fistulae,

he orbit is often injured. the ojnic nerve nmay
be avulsed, and usually the cribriform plate buck-
les in such [ractures with several bonv spictiles
lacerating the dura and occasionally penetrating
und Dbecoming imbedded in the brain® Such
dural lacerations are [requently associuted with
large dural defects and usually require 2 dural
grafe, In the cax lere reported there were only
four linear dural lacerations without any loss of
this tissue so watertigln closure could be ob-
tained by simple interrupted black silk sutures.
The lack of avulsion of the dura can be account-
ed [or by the massive single bony [racture. Such
an en bloc {fracture of the skull probably requires
a direct svinmetrically applied blow to the base of
the nose. This case supports two old neurosurgical
adages:

I. There is alwavi 100 per cent more damage
to the skull visualized intracranially at op-
eration than is seen in the preoperative
skull x-rav of 1he patienc with this type of
iracture,

4. Zome of the worst skull irmciures olten are
associated, with liule or no brain dawnage,
for there is a dissipation of {orce instead of
the direct (orce transmission 1o the brain.

Dingman, et al’ have urged the early reduction
and fixation of this type of nasal {racture to pre-
vent chronic facial deformity or disfiguration. The
excellent cosmetic 1esult atwined in this patient
supports this dictum and demands that it receive
further active suppoit.

Facial Laceration
And Back Strain

Prevention ol severe facial and intracranial in.
juries from head impuact can be accomplished b
adequate instrument panel design in the head im-
pact areas. This Is fllustrated in the following
case:

Case 41 Two women, both short of stature, were |

driving with the front seat wnoved well (orward,
Both were wearing the lap seat Lelts. The car way
forced off the road: it struck a tree at 20-2% m.p.h,
The impact was to the center front of the cr,
The passenger llexed over lier beit and struck the
unpadded instrument panel with her face (Fig,

4). Besides bilateral periorbital ecchiymosis, she

had a hairline (racture of her left maxiila. An
“L" shaped laceration between her eyebrows was
sustained when she struck the corner of the radio
grille which did not deform with the instrument
panci. Her main complaint was a sore back, She
had stretched the vertical deep hack muscle group
from the coccyx to the upper lumbar area, At the
time ol the accident her seat belt was worn high,

Fig. 4

Facial impact of a seat belted passenger onto
an unpadded instrument panel. The occupant
sustained a hairline fracture of the left maxilla,
an “L" shaped laceration between the eyebrows
from the edge of the radio grille. Stretching of
the deep back muscles in the lumbar area was
the main camplaint of the patient.
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sbove the iliac erests. and she had on a1 *substan.
gal” foundation garment. Several weeks later her
hack problem resalved isiell without clinical treat-
ment.

Comment: In this case the insirument panel de-
joomed. dissipating the impact energy. It is this
wpe of instrument panel response to head impact
ihat is required for the seat Lelted occupant. Pad-
ding over this deformable meta] panel would have
sypeead the impace load over a3 wider area and pos-
ubly prevented most of ler facial injuries. The
wat belt not heing worn properly and the possible
restraining effect of her foundation garmient pre-
vented adequate Hexion over the belr, causing se-
vere strain of the deep back muscles.

Brachial Plexus Involvement

Case 5: A voung driver. wito had loat his license
due to numerous driving violations, lost control
of the car on a curve, crossed the center line, antl
sruck another car. Both vehicles struck righe [ront
o right front. The driver at tault was not wear-

Fig. §

Collapse of the steering wheel by a seat belted
230 pound male driver. Minor facial lacerations
and a sore chest were sustained from wheel im-
pact. His right shoulder struck the instrument
panel producing a stretching of the brachial
plexus roots and cartial loss of shouider joint
lunction for six months.

FEBRUARY, 1968‘ MICHIGAN MEDICINE ¢

ing a seat belt. He struck his head on the right
side of the instrument pane! und died of intra-
cranial injuries.

The sixty-two year old 250 pound male driver
of the other car was wearing a lap seat belt, He
flexed over the seat belt and collapsed the steer-
ing wheel sustaining a sore chest and facial la.
cerations (Fig. 5). His right shoulder had struck
the instrument panel and he had suffered marked
paresis of the right deltoid, supraspinatus and
infraspinatus muscles with slight weakness of che
right triceps and biceps muscles and 2 minimal
hypesthesia over the C4 dermatome. There were
compression fractures of the T9 and TI10 verte-
brae with paravertebral hemorrhage, a fracture of
the right acetabulum, the right inferior mmus of
the pelvis, a {racture of the radial head of the
right elbow, a trimalleolar fracture of the right
ankle, [ractures of the left zygoina and the nght
maxillary sinus.

The patient was in traumatic shock at the time
of admission to the hospital. Alter this had been
treated a general surgeon sutured the facial lacera-
tions including a transected parotid duct, The tri-
malicolar [racture was reduced and stabilized by
internal fixation and the fracture of the right el-
bow placed in a cast by the ornhopedic surgeon.
The neurosurgical consultant reviewed the symp-
toms referable to the right upper extremity and

made a diagnosis of brachial plexus stretch injury -

which was treated by support and physiotherapy.
The patient’s course was one of continued im-
provement with discharge from the hospital six
weeks after the injury.

Comment: In this severe accident the unbelted
driver of the one car moved out of his pasition
behind the wheel to sustaire fatal injuries when
he struck his head on the right side of the in-
strument panel. On the other hand the belted
elderly driver of the second vehicle survived al-
though he had muldiple injuries which were rath-
er successfully treated by a team of surgeons. Iln
this case the lap seat belt no doubt saved the pa-
tient’s life.

DISCUSSION

The multidisciplined approach to the care of
highway injuries not only provides a better treat-
ment [or the patient but reveals some interesting
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CONTINUED: LAP SEAT BELT INJURIES

lesions possibly relatesd to the use of lap seat belts:
the hangman's hacuwe (Case 1), the distraction
fracture of the lumbar spine (Case 2), injury to
the abdominal viscera (Case 2}, and the “en bloc”
fracture of the inner table of the skull and naso-
orbital repzion (Case 3).

DeHaven, ¢i al* have pointed out that injuries
which seem directly related to the lap seat belt
*are actually determined by other factors such as
a failure of safety belt installations and vertical
acting crash forces.” GCarretr and  Braunstein'
studied the “scat belt syndrome™ in 3,637 occu-
pants of 2778 accidentinvolved automobiles and
found E50 of these people had received an injury
to the lower torso. Of theve, twentysix injuries
were regarded as serious, consisting of intra-ab-
dominal injuries (7). pelvic Iractures (7)., and
tumbar spine fractures (12); buc the majority of
these people were in very severe accidenis. These
authors were able to find only a single case of a
fatal lower torso injury in this group, thus dem-
onstrating the effectiveness of the lap seat belts
Greater lap belt snugness by inertia reels™ might
have aflonied increased protection in Case 2.

THE LIMITATIONS OF seat belts have also

been recogmized.®® The single upper torso restraing -

is highly undesirable, for without an uccompany-
ing lap seat belt the passenger slides out under-
neath such a harness (submarines) and is liable to
added injury such as fractures or dislocations of
the cervical or thoracic spine.t?% When the three
point system is used in which the diagonal strap
it joined to the lap belt, there is 2 1endency for
the lap belt to be pulled upwards onto the solt
abdeminal wall. It lias bzen recommended that
the lap and shoulder belt be separate {Fig. 6).
for this combination does ffot have the undesir-
able chamcteristics of the other systems mentioned
above. Such a double, independent belt system
will still ofter lap belt protection for those who
for some reason will not wear the shoulder belt.
A lapshoulder belt combination (Fig. 6) would
very likely have offered sufficient upper tono ve-
straing in'all cases so that it is doubtful whether
the chin would have been caught upon the steer-
ing wheel (Case 1) or the head impacted against

‘ the dashboard as occurted in the other cases. The

importance of available “cabin space” has been
emphasized by Huclke and Gikas; for when there
is collapse and compromise of the cabin ared, the
value of any restraint system is negated.® Thers

184
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Fig. 6
Lap-shouider belt combination. Note individual
buckles for the lap and for the shoulder belts. .-

is a defnite need for an adequate child restraint
svstem.

It is possible that restraining the pelvis and
upper torso by the use of the lap and shoulder
belts may occasionally permic the cervical spine
to be snapped ac the time of forward impact in
rear end collisions. Hyperextension of the cervial
spine can be prevented by the use of a head sup-
port. It is possible that if such a head restring is
not adequately designed, the head and neck could
custain a severs blow as they swing back and
strike the head support. Since there it a ceftain
degree of inertia of the intracranial coatents, the
brain could rebound forcibly forward striking the
frontotempordl junction against the sharp margins
ol the sphenoid ridges with possible cerebral con-
.tusions or laccrations to the frontotemporal junc-
tion resulting in an intracerebral clot. '

Recently a car was struck in the rear and

pushed through a bridge railing. It fell 100 (cet

to the ground into the yard of a foundry at aa
cstimated speed of 58 m.p.h. The car landed oa
its rear end. The driver, 2 thiny-four year old
270-pound male, was not wearing seat belu but
did have a head support. He claimed he held
tightly 10 the sieering wheel during the fall and
probably had his head on the head suppot™ He
was not unconscious and did not complain of any
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