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IMPACT INJURY TO THE PREGNANT FEMALE AND FETUS IN LAP
BELT RESTRAINT

L. Introduction.

The lap (seat) belt offers considerable pro-
tection against injury in mmpact aceidents, al-
though little i3 known of lts effects on the
pregnant mother and her fetus.t In the United
States, most women travel by automoebile ar one
time or another during their pregnancy.* A\
large number also travel as passengers in com-
mercial or private aireraft and. as dependents.
on planes of the Military Airlift Command. s
The present study was initiated to determine
the effects of abrupt deceleration on the mother
and her fetus when restrained by a lap belt.

To our knowledge, only one such case, involv-
ing a woman in the sixth month of pregnancy.
has been reported in the literatures”  This pa-
tient, with her seat belt properly secured, was
riding in the front passenger seat of an auto-
mobile traveling about 35 wmph when it was
struck from the right front by another car.
Surgical exploration revealed a ¢ em. laceration
of the uterus through which the fetus had been
expelled by the force of the impuact. A dead
fetus was delivered amd the mother survived.
Unfortunately, the risk of exposure and fre-
quency of this type of aceident cannot yer be
assessed due to the absence of any reliable sta-
tistical data.  Some indication of the scope of
the problem can be gained from the fact that we
have been able to collect 15 such cases in the
course of a 2-month etffort. Six of these re-
sulted in fetal demise. While relatively rare at
the present time, we can expect them to hecome
more frequent as the seat belt eains wider ac-
ceptance by the traveling public.

Japer presented, 10th Stapp Cavr Crash Conference,
University of Minnesota, Juty, 1967.

The data presented here constitute the first
experimental approach to the subject.

II. Material and Methods.

For this study. n =eries of seven animal impact

tests was condueted on the Daisy Deceleration

Track at Holloman AFB. New Mexico. Female
Kenva baboons™ (Dvpie dogacra) were urilized
as experimental antmals, This primate has a
uterus simplex and a gestation period of abour
150 days. The adult females average about 13 k.
mn body weight and a full-term infuant may weigh
AOD-- 1O o,

Aseat sealed to fit the haboon was construeted
(Figs. 1.2y, The =cat was oriented in the 4
(0-45-0) forward facing position. A 2-in. enso-
lite seat cushion was added to prevent iliac frae-
ture. The seat belt consisted of 115 in.. £.300 1b.
test nylon webbing. adjusted statically on the
seated animal to 1o ke, (IFig. 3) by a tensiometer.
Strain ganges were mounted on each side of the
fap belt.  Belt angle was 55 typical of com-
mercial installation. .\ standard 14 x 17 in.
Neray cassette was mounted on the left side of
the seas.  Animals were restrained in modified
children’s denim jackets.

To date, seven tests involving six animals have
heen conducted.  In addition. a sham test (with-
out a sled run) was performed as a control of
artifacts due to =urgical and pre-run restraint
procedure.  In Test 1 and in the sham test.
Sernalyn®™ (Parke. Davis and Co.) anaesthesia
was employed at a dosage of 1 me. kg, body
weight, administered intramusenlarly,  Innovar-
Vet (McNeil Laboratories, Ine.) wax u=ed {or
anaesthesin i Tests 2—6 In 1.5 co.
dosages.  In Test 7.

intramuscular
Nenthwial in a dosage of
Soomge ke body weight, was weed Inan attempt
to avoid the known adrenergic effects of Innovar-
Ver.  In all approxinately 4 hours
elapsed between initial anuesthesia and impact.

tests,

so that some measure of normal muscle tonus
was regained.

*The animals used for these experiments were law-
fully acquired and treated in accordance with  the
rinciples of  Laboratory  Animal Cuare issued by the
Andmal Facilities Standards Conmittee of the Animal
are Panel, U0 Drepartment of Health, Educartion, and
Welrare, Public IHealth Service, Mareh 1963,



EKG, fetal
ERG, anid maternal blood pressure were recorded
with an Schannel Sanborn and Ampex CF-100

tape rvecord o

Intrauterine  pressure, Jaternal

In wll instances, waternal blood
Farled al tupact, and post-
cothis vaviable were obtained by

pressure toring

mipact

periodie = v a0 oweter readings. Inoaddi-
ton to thic . ovus o vartables, Consolidated

Electrodyrandges o0 wion tracines of  the
i =

seat Lelr tensions i tie 2oprofile were recorded.

Photographic docwnentation included lateral
and overhead 14 . motion pictare ad 2,000 fps.
black-and-white =till covernge of pre- and post-
run procedures, and 35 mme. color photographs
of gross trauma, To stndy body organ displace-
mpiet. w0 Kield
IFlash Xeray System was iri

went at Fossion  Flexitron

vered at 0.06) sec.

Frevre 1.0 Baboon restvatat chi a-od S0 <tudy

after entrance of the sled o the water brake.
Post-run whole hodyv Xorays were talen on each
animal.

The purpose of Test 1 was 1o establish tech-
niques. test procedures, atd deceleration patterns
for subsequent experumenrs.  The subject was
not pregnant and phystologieal monitorimg was
not attempted.
also nonpregnant bure in these animals, a0 stmu-

The subijects of Tesi= 2t were
lated uterus was nplanted,  The latter consisted
of w rubber halloon enclozed in nylon netting
and contained a transducer to nmeasure pressure
changes during deceleration. It contuined sut-
ficient fuid capproximately H00 ce, normal sa-
line) to give a bascline pressure 1o 1oomm, e,
For Test= 5 70 pregnant fenmles were used.  In
these anbials the wterus wis opened d the

vt ankle and shoulder restraines designed to release at onset of

ded movernent <o that anbia can jackknife” normally at hinpeet.




KRG
were alzo implanted into the =sealp and elbow of
the fetus (Fig. 4).
centa with implanted leads. the placenta had

pressure  transducer introduced. Jeads

To avoid piereing the pla-

been toealized previously by means of Techni-

tium 99 seanning.  Lost nniotie Huid was re-
placed, and the werime and abdominal meisions
closed.

The receleration pattern in Test 1T owas 40 g
at 000 e sees rate of onset and a plateau dura-
tion of (LSO sec. at N7 ftosee. entrance velocity.
This pattern was derived from a program de-
signed to compute the decelerative forees sus-
tained by a typical passenger in a hypothetical

s

will be seen, this pattern proved to be nonsur-

four engine jet aivliner crashing on takeotf.
vivable. and in Tests 27, the pattern was changed

to a 20 . 2000 g.osee. rate of onset and a plateau
duration of 0.050 sec.

Figrre 2.

3

III. Results.

Zest 1 (Duaisy Run 2880) - The subject was a

nonpreguant fennde. This animal was a control
used to evaluate equipment and procedures and
to determine the feasibility of the mmpact profile.
The with

I omg. ke body weight., No physiologieal vari-

aniiad  was unaesthetized Sernalyvn
ables were recorded. Tmpact entrance veloceity was
ST Oftoosees with a 40 g0 peak at Loon o rate
of onset. and a0 platean durntion of 0080 sec.
The animal was killed by the mipact. High-

speed photography demonstrated severe whiplash

b N

kinematies,
the

atlanto-occipital

Nutopsy revealed a complete transec-
total of the
The arteries

were ruptured  bilaterally with massive hemor-

tion of cord and ~ubluxation

joiut, vertebrul
rhage 1ito the soft tissue of the neck and superior

mediastinnn.

Botli il were transversely frae-

Fully instrumented and anaesthetized pregnant baboon seated in restraint chair prior to impact.




tured. a finding considered artifactitions inas-
mucl as the essentially quadiupedal-type pelvis
of the baboon coupled with its poor gluteal
development make it particularly Liable to such
fractures when a lap restraint iz nsed without
compensatory  subischinl  seat pudding,  The
uterns of this auninml wax <heared from its major
anterior pelvie =uppori.

Because of the excensive trannu, it was decided
that the decelerntion profile was too severe.  Neat
padding and a headrest were added 1o the sear.
Innovar-Vet  was substitated  for Sernalyn in
subsequent tests beeause the latter drug appeared
to depress musele tonus for an nordinate leneth
of tie.

Test 2 (Daisy Run 2as2)

This test was run

with n nonpregnant  female baboon  with  a

surgically implanted artificial wterns. The sub-
jeet was anaesthetized with o L5 eos Innovar Vet
administered hours  hetore
the run.

entrance veloeity ot 1H00 aosec. rate of onset,

approximately
The test profile was 20 o 63,1 fr..sec.

with @ plateau duration of 0.050 see.  In order

to deterinine the mtranferine pressure changes

B e

to be expected i the gravid uterus. pressure
chatges i the simulated uterus were monttored.
From w baseline pressure of 10w, e the
CItranterine’ pressure rose to 3s0oanm. He s
which time the leads became disconnected and
no further data were recorded. Xgai. bilateral
fracture of the Hio occwrred because of msuf-
ficient =eat padding. For snbsequent test<. more
seat padding was added.
Pext 3 (Daisy Rune 2580

female baboon

The subject wax a
nonpregnant with an artificial
Innovar-Vet

+ hours prior to mnpact,

nrerus. anaesthetie was njected
The deceleration profile
wis 200 oo at 60.5 0 ftl o sec. entrance veloeity al
2000 g0 see, rate of onsets with a platean duration
of DOS0 see,

didd not release prior to impact; thas, the animal

The temporary shoulder restraint

was hnpacted with an etfective shoulder harness
as well as Tap belt restraint. Baseline itranterine
pressure nmeasured 120 150 Heo with o =ingle
peak of approximately H00 mm. Hgeo occurring
appoxinately 0.005 sec. after impact (Fig. 5).
Text 4 (Daisy Run 2886)—The subject was the
same animal as m Test 30 utilized wgnin after

Frarre 3. Attachment of seal belts at rear of seat and initial adjustment at 1.5 kg.



there appeared to be no 1l effects from the first
impact.  The deceleration pattern was identieal.
providing an excellent comparison of the effects
of belt the effects of belt and
shoulder  harness.  Artificial  aterus  pressure
The

100 mm. He. over baseline. dropping to 136 nan,

seat with st

showed a double peak. first  occeurred  at

He. helow baseline and peaking again at 4170 mu.

e, The first peak ocenrred ar 0050 see. and
the second ar 0190 sec. after the onset of de-
celeration.  Post-tmpact bradyeardia  was  oh-

served i this animal. Xuropsy revealed minor
1ght
mguinal canal and rupture of the Faleiform liga-
ment of the liver (Fig. 6).

Test 5 (Daisy Run 28x8)

160-day  pregnant

trauma consisting of a hematoma In the 1

The subject was a
haboon, nmpacted at 20 o
6053 £t see. entrance velocity, 2.000 g0 sec. rate of
of

with a duration

onset, platean (LOSO sec,
Transient post-run hradyveurdin was observed in
both the mother and fetus. As the sled was
aceelerated. the intvauterine pressure rose 1o

6O mm. Hyo over haseline, e peaked at 240 mim.

ITe. over haseline at 0.050 =ec. after the onset of

FicUre 4.

decelerntion. It then dropped to U4 mm e,
ad rose 1o second peak of B2 e Hel
0140 =ec,

chorionic heworrhage, subserosal petechine in the

Mutopsy of the mother revedded sub-

witll of the jejumum. and separation of the right

serolltac joint. No trauma to the fetus was

observed (Fig. 7).
Test 6 (Daizy Run B0l
pregnant

The subject was a
buboon with a gestation time of ap-
40 days.
20 g 2000 g sees onset rates with a plateau dura-
1101 of 0L0N0 see.

proxinmately She was impacted  at
I'n thiz animal, the mtrauterine
pressure rose (o 60 mne g, during the early
pliase of aceeleration. but dropped back 1o base-
Ine (1o, He immediately prior to et
Following the onset of deceleration, it rose to
65 . e above baseline ac 0000 sees This was
followed Dy o strong negative pressure of 380
e Hao 0,090 <ec after onset of sled decelera
tion, and a second positive peak of 440 mn, e,
at o RS secs returning to baseline at 0210 sec, A
transient maternal and

fetal bradveardia was

again noted.

Surgical implantation of EKG leads in scalp and elbow of fetus.




Taptk 1—Mean Maternal and Fetal JHeart Rates for

Pregnant Animals Subjected to Tipadct

Time YVaternal, vomin. Fetal, ronin.
Pre-run 167 150
Post-Tmpeact s o
2 Minutes 1h3 71
O Minutes 160 110
20 Minutes 160 140

Although there was no inmediate elinical evi-
dence of injury to mother or fetus. fetal heart-
beat could ne longer be elicited approximately

11, hr. post-ran. and the baby was =tillborn at
caesarian section.  Autopsy of the fetus revealed
1o gross or icroscopic signs of trawma. The

mother recovered without complications,

Test 7 (Duisy Run 3062)- The subject was a
110-day  pregnant baboon  fmpacted ac 200 g,
2,000 g, sec. vate of onsel. with a platean duration
of 0.050 see.  Nembutal anaesthesia was given
at a dosage of 35 mye keo approximmtely 4

hours prior to hmpact.  Intranterine pressure
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rose approximately 15 mm. Hg. above bascline
during aceeleration. At 0.050 see. after the onset
of deceleration, it peaked at 180 mm. Hg. follow-
ing which a drop of 560 mui. Hg. below baseline
oceurred at 0.135 sec. A gecond positive peak
was of LR mm. Tgo ar 0085 see. Transient
mother and fetal bradycardia were again ob-
served,

As in the previous test, no discernible external
trauma to the mother was observed but. at 115 hr.,
post-impact fetal heart rate could no longer be
recorded or heard. and caesarian section produced
a stillborn baby.  Kechymotie arcas were ir-
regularly distributed on the head and upper
torso of the fetus.  Further autopsy resules arve
pending. The mother was found in moribund
shock in her cage the following morning, and
died in shock approximately 20 hours after im-
pact. Autopsy results are not yet available,

Zest 8 (Sham Run)--The subject of this ex-
pernnent was i I4h-day pregnant baboon.  After

SLED ACCELEROMETER
ZO‘l P _’4_\'_

H

Nernalyn anaesthesia, she was subjected to the
same instrunientation and restrane procedures
used 11 the previous tests without, however. being
impacted.  During this procedure, the amniotic
e was nadvertently ruptured.  Following clo-
sure. the animal was returned to her cage. No
change 1 fetal heart rate or maternal blood
pressure was noted during the proeedure. The
next morning, however. the fetus wax found dead
i the cage.  Autopsy revealed the animal to
have been stillborn.  The cause of imtranterine
death was a =ubdural hemorrhage which iz ap-
parently w birth injury. It 15 planned 1o repeat
thisz control procedure at a Tater date,

Seot Lell Forces- -Forees on the right and left
sides of the =eat belt were measured for all -
pacts except Test 1. In Test= 20 4, 50 6. and 7.
ihe results were essentndly <vmmetrical  and
ranged from 450-610 1h=. with a mean of 216 1hs,
The peak 1 belt forees occurred between 0.100-
0.135 see. after the on=et of deceleration,  In
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Frover 7.0 Fetus with pliueenta attached. ¢ Although no clinieal evidence of trauna was observed, impact was fatal
e fetus)
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Frovre 8. Compiarison of lap belt with lap belt plus shoulder resiraint.
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strong contrast are the results from Test 3, in
which the shoulder restraint failed to release.
In this test. forces were recorded at s0 Ihs, for
both right and left belts (Fig. 8).

IV. Discussion.

From these preliminary data, it 13 apparent
that the sequence of events following impact of
the pregnant baboon in the 0 45-0 position is as
follows:

1. During aceeleration,  the awake uanimal
tenses the abdonien, raising the imtrauterine
pressure prior to impact.

2. At approximately 0,050 sec. after the onset
of deceleration, the animal is pressed nto the
seat, causing a rise In intrauterine pressure hefore
“jackkniling™ begins.

3. Following the initial positive peak, the
intrauterine  pressure drops sharply at about
0.100 zec. and then rehounds to a second. positive
peak averaging about 00 mnt, He. at about 0,170
sec. This second peak is attributed to the sudden
impingement of the uterus between the belt and

the spine when the animal iz fully flexed an-
teriorly (Iig. 9).

This analysis is supported by the absence of
the second peak in intrauterine pressure observed
in Test 3 in which the shoulder harness failed
to release. It is iInteresting to note. however.
that in this animal the maximum uterine pres-
sure was H00 mm. He. or very similar to those
animals restrained by lap belt alone despue the
fact that forces on the seat belt were much lower.
Thiz finding indicates that, insofar as the gravid
uterus is concerned. in mnpact with any appreeci-
able forees along the vertical body axis (as in
the 0450 position) strong Increases in intra-
uterine pressures ean be expected, even when the
body iz totally restrained from forward flexion.
Whether such an increase i1s as deleterious to the
fetus as experienced when the uterus is impinged
hetween belt and spine can only be deterniined
through further studies comparing seat-belt-only
with seat-belt-plus-shoulder-harness mmpacts.

Fetal demise occurring 1-2 hrs. after impact 1s

ditlicult to explain.  There were no gross injuries

INTRAUTERINE PRESSURE IMPACT SEQUENCE

A B c D
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Intrauterine pressure impact sequence.




apparent to the fetuses at awopsy. The most
likely cause of death would he maternal nenro-
genic shock,  Our attempts o monitor waternal
blood pressures were fraught with  technieal
difficulties, but ausculatory methods were utilized
post-impact on one occasion (Test 7) and hypo-
tensive values were found. Studies are now in
progress to remedy the Instrumentation problem.

It 1s to be pointed out that placental separa-
tion, an expected fiding, was not produced in
any of the three pregnant animals impacied.

The finding of maternal post-impact brady-
cardia confirms earlier observations of this phe-
nomenon by other workers.®  TIts occurrence in
the fetus, however, Is an observation of extreme
nterest and one which may aid in determining
the mechanism by which such bradycardia is
produced.

Future runs will be concerned with answering
the following questions:

1. Does maternal shock ocenr following abrupt
deceleration? If so, what hypotensive levels are

artained. and is this related to the death of the
fetus?
20 At what level of
placental separation oceur
3. At what level of
uterine rupture ocour ?

derelerative force does

decelerative foree does

4. Can changes 1 the restraint system or seat
position alter the survival rate of the fetus?

V. Summary.

Preliminary data have been accumulated from
A series of seven deceleration experiments on
baboons. Three of these animals were pregnant.
and, i two cases, fetal death occwrred 12 hrs,
after impact. (The third fetus and mother were
sacrificed immedintely after impact.)  The cause
of fetal demise has not vet been determined. 1t
should e emphasized that the seat belt atfords
conziderable protection to any pregnant oceupant
over non-use of a belr, and the authors Jdo not
wish 1o imply that the belts por sc are dangerous.
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