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ABSTRACT

Injuries unique to pregnant occupants involved in motor-vehicle crashes
include placental abruption, uterine rupture or laceration, and direct fetal injury.
The mechanisms and characteristics of these injuries are discussed using
examples from a literature review and from recent investigations of crashes
involving pregnant occupants. In addition, a review of the relationship between
the pregnant driver and automotive restraints and the steering wheel illustrates
how injury potential may differ from the non-pregnant occupant.

AUTOMOTIVE TRAUMA IN PREGNANCY

Introduction

Firm statistics on fetal loss resulting from automotive trauma are not
available because fetal death certificates do not record recent maternal
involvement in crashes as a potential cause of death. In addition, since
miscarriage occurs in 10-20% of all pregnancies in the early part of pregnancy,
only deaths to fetuses over 20 weeks gestational age are legally defined and
recorded. However, based on the frequencies of pregnancies and crash
involvement of the general population, it has been estimated that between 1500
and 5000 fetal losses occur each year in the United States as a result of maternal
involvement in automotive crashes (Pearlman 1997). Additional uncounted
adverse fetal outcomes occur as well, as many children grow up disabled as a
result of injuries sustained in utero. Even if a fetus survives, complications
arising from early emergency delivery of a premature fetus (such as low birth
weight and neonatal respiratory distress syndrome) can lead to long-term
negative consequences for the child.
Pregnant Anatomy

Figure 1 illustrates the general anatomy of a pregnant abdomen (Pritchard
et al. 1985). The uterus is a muscular organ that grows in capacity from 5 mL to
5 to 10 L over the course of pregnancy. Its wall thickness at seven months is
about 2 cm, and at term (40 weeks) it is about 1 cm. The size of the uterus
depends more on the size of the fetus than the size of the mother. Since most
women generally have babies who weigh 2.7 to 3.6 kg (6 to 8 pounds), uterine
size is not expected to vary significantly with the stature or weight of the
mother. The uterus is attached at its base to the cervix which leads to the
vagina, but is otherwise unattached in the abdominal cavity. As the uterus
grows, it pushes the other abdominal organs rearward and upward. The base of
the uterus is in close proximity to the lumbar spine.
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Figure 1. Pregnant anatomy

The placenta is a vascular organ within the uterus that exchanges oxygen,
nutrients, and waste between the mother and fetus. Commonly called the
“afterbirth,” it separates from the uterus and delivers spontaneously after the
fetus is born. Eighty percent of placentas are located near the top (fundus) of the
uterus by the third trimester. It is roughly circular in shape, and measures 2 to
2.5 cm in thickness in the last trimester of pregnancy. It covers roughly one-
fourth of the internal surface area of the uterus throughout pregnancy. The
placenta attaches to the uterus by microvilli, which are finger-like projections
(diameter of ~ 50 micrometers) that grow into the superficial covering of the
uterine wall (decidual layer). The interface between the uterus and placenta is
considered to be weaker than either of the two tissues.

The amniotic membrane lines the inner surfaces of the uterus and placenta
and contains the fetus and the amniotic fluid. The umbilical cord runs from the
placenta through the wall of the membrane to the fetus. As the fetus grows, the
relative proportion of the uterine volumé filled with amniotic fluid decreases.
By the last trimester, the fetus is positioned with its head down in over 95% of
pregnancies.

Pregnant Occupants in the Automotive Environment

A research program targeted toward increasing understanding of automotive
trauma in pregnancy and developing a second-generation pregnant abdomen for
the small female crash dummy is currently underway. As part of this larger
program, an anthropometric study of the pregnant automotive occupant is being
conducted. Pregnant women in five different stature groups are being tested in
laboratory simulations of vehicle interiors. Two seat heights are being used, one
representing a mid-size sedan (H30=270 mm) and the other typical of a minivan
or light truck (H30=360 mm). Belt anchorage locations are also varied.
Subjects are measured in the 3" 5% 7% and 9" months of pregnancy to study
how selected seat position, belt fit, and proximity to the steering wheel change
with advancing pregnancy.

Data for fifteen subjects in four different stature groups are currently
available. Table 1 shows the group number, mean stature at the initial test
session, and number of subjects tested to date. Each subject was tested in four
configurations at each visit: two at each seat height with different belt locations.
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Table 1.
Subject Information

Group Mean Stature (mm) Number of
Subjects
2 1580 3
3 1627 5
4 1664 2
5 1708 5

Abdomen-to-wheel clearance is the minimum distance between the bottom
of the steering-wheel rim and the subject’s midline abdomen contour. Figures 2
and 3 show the abdomen-to-wheel clearance averaged by subject group for each
test session. Each point is the average of twice the number of subjects in each
group, because each subject was tested twice at each seat height. Different belt
conditions are not expected to affect abdomen-to-wheel clearance. Figure 2
illustrates the data for the mid-seat-height test configurations, while Figure 3
shows the data for the high-seat-height test conditions. As expected, all groups
show decreasing abdomen-to-wheel clearance with increasing gestational age.
The shortest subjects (Group 2) had the least clearance in each test session,
while the tallest subjects (Group 5) had the most clearance. Groups 3 and 4 had
similar levels of clearance in each test session. The tallest subjects (Group 5)
show approximately 100 mm more clearance than the shortest subjects (Group
2) at each test session and at each seat height. Clearances are similar for the two
different seat-height configurations.

H30 = 270 mm
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Figure 2. Abdomen-to-wheel-rim clearance averaged by

subject group for each test session at mid-seat-height test conditions.
Figure 4 shows a stick-figure representation of the average posture and
anthropometry of Group-2 subjects for each test session at mid-seat height
conditions. The subjects did not move further away from the steering wheel as
pregnancy progressed because of the need to comfortably operate the pedals.
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H30 = 360 mm
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Figure 3. Abdomen-to-wheel-rim clearance averaged by
subject group for each test session at high-seat -height test
conditions.
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Figure 4. Average posture of Group-2 subjects for each
test session at mid-seat-height conditions.

The position of the lap belt relative to the uterus was also measured
during testing. Subjects were instructed to position the lap belt below the
prominence of their pregnant abdomen, as recommended by the American
College of Obstetricians and Gynecologists (ACOG 1991). Ideally, the top of
the belt should be at or below the anterior superior iliac spines (ASIS), so the
bony structures are loaded during impact rather than the soft tissues. Figure 5
shows a front view of the centerline of a lap belt for one subject. The geometric
shape connects the fundus (top of uterus), left ASIS, pubic symphysis, and right
ASIS. This subject, who was in her 37™ week of pregnancy, positioned the belt
so the centerline was very close to the ASIS points.
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Figure 5. Front view of lap belt centerline (diamonds)
relative to fundus, ASIS, and pubic symphysis
(squares).

The side view of the lap belt relative to the pregnant abdomen in Figure
6 illustrates the challenges posed by pregnant anatomy to automotive safety
engineers. This subject positioned the belt correctly; and it crossed very close to
the left and right ASIS as desired. However, in the midline plane, the lap belt
crosses over the protruding pregnant abdomen directly over the uterus. In a
crash, the uterus would be loaded before the bony structures. For non-pregnant
occupants, a correctly positioned lap belt loads the pelvis through the ASIS
rather than the soft tissues of the abdomen.
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Figure 6. Side view of lap belt centerline
(diamonds) showing its intersection with the
midline contour (squares) of the pregnant abdomen.
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INJURIES UNIQUE TO PREGNANT WOMEN IN CAR CRASHES

Overview

Table A.1 in the Appendix provides information on 120 automotive crashes
involving pregnant occupants. Most of the cases (93) are taken from the
medical and automotive safety literature. The main criteria for inclusion in this
review was availability of information on restraint usage by the pregnant
occupant and the pregnant occupant being at least 20 weeks pregnant. Since
most medical case studies focus on the injuries and treatment and not the crash
event, information regarding the impact direction is often unavailable. In
addition, the estimate of the crash severity is usually not calculated and is
derived from the occupant’s or physicians’ estimates. The cases from the
literature are usually reported because they involve an unusual or serious injury
and are not intended to be representative of situations experienced by most
pregnant occupants.

The remaining 27 cases in Table A.1 are from UMTRI’s ongoing accident
investigation study of crashes involving pregnant occupants. Fourteen cases
(designated GMP-0XX) are classified as major investigations, while 13 cases
(designated GMP-2XX) are considered minor investigations. An investigation
is usually considered minor if the vehicle or medical records are not available
for inspection or review. However, even in these cases, the vehicle damage
information is generally more complete than most of the cases reported in the
medical literature. The UMTRI case set is expected to be more representative,
as it includes a wider range of outcomes.

The first column in Table A.1 lists a case number for reference in this
paper. The second column lists the occupant position in the vehicle, impact
direction, and impact severity if the data are available. Some sources from the
literature only reported the occupant as being a passenger and did not indicate
whether the location was the front or rear seat. The type of crash is classified as
front, side, rear, rollover, or multiple impact. Information on whether the crash
was a “near” or “far”-side impact is usually not available. Crash severity is
based on the following divisions: minor is less than 24 km/h (15 mph) change in
velocity, moderate is 24 to 48 km/h (15 to 30 mph), and severe is greater than 48
km/h (30 mph). The values reported for major UMTRI cases are based on input
of vehicle crush measurements into crash-reconstruction programs such as
SMASH, and are therefore more accurate. The remaining crash-severity
estimates were made by the occupants or physicians and probably relate more to
the speed of travel before the crash rather than actual change in velocity. In the
majority of cases in Table A.1, no estimate of crash severity is made.

The third column in Table A.1 lists the restraint conditions for the pregnant
occupant. Some of the sources reported use of a belt restraint, but did not clarify
whether a lap belt or 3-point belt was used, or if the belt was positioned
properly; these cases are listed only as “restrained.” If the pregnant occupant
reported wearing the lap belt portion of the belt across the bulge of her pregnant
abdomen (crossing near the umbilicus) rather than below it, belt use is
documented as improper. The fourth column gives gestational age in weeks,
with 40 weeks considered full term. In the text of this paper, gestational ages
are grouped into four-week increments and referred to as the 5™ month (20-23
weeks), 6™ month (24-27 weeks), 7" month (28-31 weeks), 8" month (32-35
weeks), or 9" month (36 weeks or more) of pregnancy.

Maternal injuries are given in the fifth column and are described in two
ways. The first term describes the overall severity of injuries that are not related
to pregnancy. The categories are none, minor, moderate, and major. These
descriptions are estimates of the maximum AIS scores (ignoring uterine or
placenta injuries), with minor corresponding to MAIS 1 or 2, moderate, MAIS 3
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or 4, and major, MAIS 5 or 6. The remainder of the maternal injury description
describes the injuries to the uterus and placenta. Pelvic fractures are specifically
noted in the maternal injury column as they are suspected to increase the
probability of injury to the pregnant abdomen and fetus. Maternal death is
indicated by italic type.

The sixth column describes the fetal outcome, specifically listing any direct
injuries or complications. Fetal survival is indicated by italic type.

The final column lists the source of the case data. For cases from the
literature, the source lists the authors and year of publication, plus a case number
if the source presented more than one case. For UMTRI cases, the case number
and year of the crash are given.

Figure 7 documents the distribution of crash types from Table A.1. The
majority of crashes are frontal impacts (61%, n=74), followed by side impacts
(25%, n=30). The breakdown of crash severity is shown in Figure 8, with over
half of the cases not reporting any estimate of crash severity. The distribution of
occupant position is shown in Figure 9, with most cases involving drivers
(55%, n=66).

Figure 10 shows the distribution of restraint use of the pregnant occupants
for the cases in Table A.1. About half (49%, n=59) were unrestrained. Only a
few cases (3%, n=4) were confirmed to have improper belt use, with the lap belt
positioned across, rather than under, the pregnant abdomen. Since the case dates
range back to the 1960’s. about 6% (n=7) used a lap belt only, often because it
was all that was available. The gestational ages of the pregnant occupants
appear in Figure 11, with most cases in the last trimester, particularly the last
month.
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Figure 7. Distribution of impact type for cases in Table A.1.
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Figure 8. Distribution of estimated impact severity for cases in Table A.1.
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Figure 9. Distribution of seating position of pregnant occupant for cases in
Table A.1.
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Figure 11. Distribution of gestational age for
cases in Table A.1.

The chart in Figure 12 indicates the types of pregnancy-related injuries sustained
by the pregnant occupants in Table A.1. The most frequent outcome is placenta
injury only; none of the fetuses in these cases survived. There are six instances
of placenta injury plus additional complications, with all of these fetuses
surviving. Seventeen cases had placenta and direct fetal injuries. Eighteen
cases had completely positive outcomes, although two of these mothers
sustained pelvic fractures. Five cases involved only complications, and all of
these fetuses survived. In eight cases, the fetus was stillborn and no direct
injuries to the fetus or reproductive organs were found. However, five of these
cases involved maternal death, so there are really just three without additional
explanation. Eight cases involve injuries to both the uterus and placenta. In one
of these cases, the fetus survived although it experienced complications. Three
other of these cases also involved pelvic fracture. The other most common
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injury patterns are direct fetal injury (11 cases, 3 with pelvic fracture), and
uterine injury only (6 cases, two with pelvic fracture). In one of the uterine
injury cases, the fetus survived with complications. The remaining bars show
the less frequent combinations of placenta, uterine, direct fetal, and pelvic
fracture injuries.

Of the 120 cases in Table A.1, nine involve both maternal and fetal death.
While the mother survived in the other 111 cases, the fetus did not survive in 74
cases.

The remainder of this paper discusses each type of pregnancy injury and
outcome in more detail, and highlights the characteristics of the crashes and
injury patterns.

Placental Abruption

Placental abruption is the most common cause of fetal loss in automotive
crashes. It occurs in 1 to 5% of minor severity crashes during pregnancy and
from 20 to 50% of severe crashes during pregnancy. The injury occurs when the
placenta detaches from the uterine wall, disrupting the supply of oxygen and
nutrients to the fetus. Partial abruptions can also occur, with the possibility of
the pregnancy continuing successfully depending on the degree of placental
separation from the uterus. The interface between the placenta and the uterus is
considered to be weaker than either the uterus or the placenta, and therefore
usually fails before either the uterus or placenta fails.

Pearlman et al. (1990) have noted that the likelihood of placental abruption
is independent of the placenta location on the uterus (Pearlman et al. 1990).
This may imply that there are several mechanisms of placental abruption, with
the particular cause depending on the placental location relative to the loading
location and nature of the loading. For example, some placental abruptions may
result from high-velocity, low-mass airbag loading, or from compression
between the mother’s body and the steering wheel, belt, or instrument panel.
Abruption may also result from acceleration differentials between the placenta
and uterus. Thus, mechanisms of placental abruption may include inertial
loading, direct loading by the fetus, and excessive shear or tensile strain.

The first 69 cases in Table A.1 involve some injury to the placenta or the
placenta/uterine interface. Of these cases, thirty-nine of the pregnant occupants
were drivers, fourteen were front passengers, five were rear passengers, and
eleven were passengers of unknown seating position. Most of the impacts were
frontal (46), twelve were side, three were rollovers, two each were rear or
multiple impacts, and four impact types were not reported. Many of the cases
did not estimate impact severity (49), while twelve were severe and four each
were estimated to be minor or moderate impacts.

Forty-two cases (1-42) involve complete abruption and fifteen cases (43-57)
involve partial abruptions. In eight cases (58-65), lacerations of the placenta
occurred, and in the four remaining cases (66-69), the placenta was damaged but
not separated or lacerated. Only two cases (16 and 33) resulted in both fetal and
maternal death. When the mother survived, the fetus died in 56 cases. Twenty-
two of the cases with placental injury also had direct fetal injury, fifteen cases
also involve uterine laceration or rupture, and nine of these pregnant occupants
sustained pelvic fractures.

In the majority of cases with placental abruption, the pregnant occupant was
unrestrained (48 out of 69). One pregnant occupant sustaining a placental
abruption was restrained by both a 3-point belt and a deploying airbag, eight
were documented as properly using a 3-point belt, and twelve were listed as
restrained without further specification. Five women used a lap belt only, and
three wore the belt improperly with the lap belt portion positioned across the
bulge of their abdomens. While these results show that placental injuries can
occur to properly belted pregnant occupants, they also show that avoiding belt
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use during pregnancy may significantly increase the risk of placental abruption
and subsequent fetal loss in a crash.

This compilation of case data also suggests that placental abruption may be
more likely to occur later in the term of pregnancy. Five cases of tElacental
injury involve women in their 5™ month of pregnancy, 10 in the 6, 13 in the 7™
20 in the 8", and 21 in the 9" month. The pregnant occupants were most likely
to have a minor injury in addition to their placental injury (41 cases). Sixteen
pregnant occupants sustained moderate injuries, two suffered major injuries, and
ten sustained no injuries other that the placental injury. These findings agree
with clinical experience in which women with serious pregnancy injuries often
appear, at initial exam, to have sustained minor or no other injuries (Pearlman
1990).

Uterine Injury

Uterine rupture and lacerations are rare during pregnancy, occurring in less
than 1% of pregnant trauma cases (Pearlman 1990). Injury to the uterus in
automotive accidents occurs almost exclusively during pregnancy (compared to
any other time) because it is much larger, extends outside the pelvic cavity, and
is filled with fluid. While uterine rupture is very rare, the likelihood of fetal
death with such an injury is near 100%.

Uterine injury is often reported in the literature as resulting from direct
loading from the seat belt. While this may occur, it can also occur to unbelted
women who are directly loaded by the steering wheel or instrument panel.
Some cases report uterine damage directly beneath the area of seatbelt loading.
For example, in case GMP-006 (Case 10), the pregnant driver sustained two
lacerations approximately 50 mm apart extending across the lower uterus,
corresponding to the width of the seat belt. Other cases (75 and 78) report the
site of uterine rupture as being opposite the site of loading, suggesting a
“contrecoup” type of injury mechanism.

Twenty-four cases in Table A.1 involve uterine injuries. In eleven of the
cases, the pregnant occupant was the driver. Fourteen of the crashes were
frontal impacts, seven were side, one was rear, one involved multiple impacts,
and one involved unknown crash conditions. Of the seven side impacts, only
one pregnant occupant may have been properly restrained (one had the lap belt
improperly positioned and five were unrestrained). The impact severity is only
estimated for five of the twenty-four uterine injury cases, so no conclusions can
be drawn about the frequency of uterine injury and the severity of crashes.

Three different types of uterine injuries are reported: one complete
transection (70), thirteen ruptures (1-8, 74-78) and ten lacerations (9-12, 43-44,
58, 71-73). All but three of these experienced fetal loss, and all three of these
cases (10, 44, 71) involved fetal complications. Seven of the laceration cases
and eight of the rupture cases involved at least a partial placental abruption.
Seven of the uterine injury cases also involved direct fetal injury, and six uterine
injuries were accompanied by pelvic fractures. (The proportion of cases with
uterine injury in Table A.1 is higher than seen clinically, because the literature
cases are more likely to report unusual injuries.)

In the twenty-four cases with uterine injury, only four of the pregnant
occupants were properly restrained by a three-point belt, and one driver was also
restrained by an airbag. Two additional cases reported restraint use, but did not
report the type of belt or whether it was positioned properly. Half of the
occupants with uterine injury were unbelted. For all the cases in Table A.1, the
four cases where improper belt use was confirmed (lap belt portion placed
across the dome of the abdomen) all resulted in uterine injury. In the last two
cases with uterine injury, the occupants used only a lap belt.
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Distribution of gestational ages of pregnant women with uterine injury is
fairly uniform, with five occupants each in the 5% 6™ and 8" months, six in the
7% month, and three in the 9™ month. None of the pregnant occupants with
uterine injury sustained major injuries, six sustained other moderate injuries,
seventeen suffered other minor injuries, and one received no other injuries. This
distribution of maternal injuries confirms the trend noted in the literature that
pregnant women often sustain a uterine injury that is usually life-threatening to
the fetus, while sustaining only minor injuries to themselves.

Direct Fetal Injury

Direct fetal injury (DFI) is also quite rare, occurring in less than 10% of
automotive crashes involving pregnant occupants (Pearlman 1990). In the first
three months of pregnancy, the uterus is still completely surrounded by the
pelvis and is considered an abdominal organ. After the first three months, the
uterus protrudes out from the abdomen, but the structure of the pregnant
abdomen protects the fetus by encasing it in amniotic fluid which acts as a shock
absorber to isolate the fetus. The fetus sometimes sustains injury from direct
loading of the abdomen when the protective cavity is compromised by pelvic
fractures or uterine rupture. The most frequently injured fetal body region is the
head, because it is the largest part of the fetal body and offers the “biggest
target.” It is thought that skull fracture most often occurs when the fetal head is
loaded against the bony structures of the maternal pelvis or spine by a belt,
steering wheel, or instrument panel.

Judging from the thirty-four cases involving direct fetal injury in Table A.1,
it appears that crashes with minor, moderate, or severe impact severities can all
result in direct fetal injuries, although data on the crash severity are limited.
Nineteen of the cases involved drivers as the maternal occupant. Nineteen were
frontal impacts, ten were side, two were rear, and the remaining three were
multiple or unknown types of impacts.

The cases with direct fetal injury in Table A.1 are numbers 1-3, 9, 13-16,
43, 45-53, 65-68, 70, and 79-90. As mentioned previously, the cases taken from
the literature tend to focus on more unusual injuries, so the proportion of cases
with direct fetal injury in Table A.1 is greater than that seen clinically. Twenty-
two cases involve head injuries only, four involve both the head and thorax
injuries, six involve thorax/abdomen injury only, and one injury each is
documented for the spine and upper extremity. Of the sixteen cases in Table
A.1 in which the mother sustained a pelvic fracture, eight of the fetuses
sustained direct injuries to the head. Twenty-two of the direct fetal injury cases
also involved placenta injuries, suggesting that accident conditions severe
enough to result in direct fetal injury often result in placental damage as well.
Six occupants sustained uterine injuries with direct fetal injury. Five fetuses
with direct injuries survived, with three requiring emergency cesarean section
(c/s) deliveries.

Most of the occupants with direct injuries to the fetus were not properly
restrained. Nineteen were unbelted, four used a lap belt only, and three had the
lap belt improperly positioned across the bulge of the abdomen. Five occupants
were wearing the 3-point belt properly, and the remaining three occupants were
reported to be using belt restraints, although the type of belt and placement are
not reported.

The frequency of direct fetal injury for this sample is slightly skewed
toward later gestational ages. Only two DFI cases occurred in the 5™ month, six
occurred in the 6 month, eight each in the 7* and 8" months, and ten in the 9"
month. Intuitively this makes sense, as the fetus is a bigger target as gestational
age increases, and the amniotic fluid takes up a relatively smaller proportion of
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the uterus volume as pregnancy progresses. Direct fetal injuries occur
regardless of the injury severity sustained by the mother, with eight of these
cases having no maternal injury, sixteen having minor maternal injuries, eight
having moderate injuries, and two having major injuries.

Other Negative Outcomes

Some pregnant automotive crash victims suffer negative pregnancy
complications whether or not they sustain any placenta, uterus, or direct fetal
injuries. One common occurrence is a premature delivery, in which the infant
often has a low birth weight and can suffer from neonatal respiratory distress
syndrome because its lungs are not fully developed. Both of these factors can
lead to health problems and disabilities throughout the child’s life.

Even if a fetus is very close to full term, maternal involvement in a crash
can lead to an emergency cesarean delivery, which poses higher risks to the
mother and neonate. Contractions often begin after an accident, sometimes
requiring drug intervention to prevent early delivery. Crashes involving
pregnant occupants occasionally result in stillborn births without any visible
injury responsible for the loss.

In the sixteen negative outcome cases, nine of the pregnant occupants were
drivers. Nine crashes were frontal impacts, two were side, three were rear, and
two were unknown. Seven of these crashes were rated as severe, one as
moderate, and three as minor in crash severity, with no crash-severity rating
available for the remaining five cases.

Table A.1 contains seven cases (90-93, 97, 99,100) in which the crash
resulted in a negative pregnancy outcome without any placenta, uterus, or direct
fetal injuries. There are also nine cases with placenta or uterine injury (10, 17-
19, 44, 54-56, 71) where the fetus survived but experienced some of the
additional negative outcomes described above. In three cases, the fetus was
stillborn after the crash, although there were no placenta, uterus, or fetal injuries
responsible for the loss. In three other cases, the pregnant occupant started
having contractions after the crash although no intervention was needed. In one
of these cases, the neonate was born months after the crash and diagnosed with
brain damage attributed to the crash. In the remaining case, the neonate suffered
from hydrocephalus that may have resulted from the crash at 28 weeks
gestation. The nine cases with placenta or uterine damage required emergency
cesarean delivery of premature infants. Five of these infants suffered from
seizures or newborn respiratory distress syndrome.

In these sixteen negative outcome cases, eleven mothers were not using belt
restraints. Two used a 3-point belt and airbag, one used a 3-point belt only, and
in one case with an unspecified type of belt restraint, the airbag deployed. One
pregnant occupant used only a lap belt.

The gestational ages of the cases with negative outcomes is almost evenly
distributed over the last three months of pregnancy, with 5 each in the 7t gh
and 9" months and one case in the 6™ month. Four of the mothers sustained no
other injuries, ten had minor injuries only, and two had moderate levels of

injury.
Positive Outcomes

Eighteen of the cases in the Table A.1 (103-120) had good fetal outcomes
with no complications. The majority of these cases are from the UMTRI study,
as the medical literature usually reports only complicated cases. All of the
mothers and fetuses in these cases survived.
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Twelve of the pregnant occupants were drivers, while the remaining six
were front-seat passengers. Ten impacts were frontal, six were side, one was a
rear impact, and one impact type was not recorded. Crash severity is available
for all of these cases, with thirteen being minor, four moderate, and one severe.

The most obvious difference between the positive- outcome cases and the
other cases in Table A.1 is the restraint usage of the maternal occupant: 17 out
of 18 of the occupants in the positive outcome cases used a restraint. Seven of
these used a 3-point belt, seven used a 3-point belt and the airbag deployed, and
two were unbelted but the airbag deployed.

These cases are weighted towards the last month of pregnancy, with ten
cases in the 9" month of regnancy, three in the 5" month, two in the 8 month,
and one each in the 6%, 7%, and unknown months. Twelve of the mothers
sustained minor injuries, three had none, and three suffered moderate injuries.
Two of the mothers had pelvic fractures. )

DISCUSSSION

The preceding descriptions of injuries sustained by pregnant women in crashes
highlights the conditions under which different injuries occur. To provide an
overview, histograms of the distributions of the independent variables impact
type, impact severity, seating position, restraint use, and gestational age were
developed for all cases in Table A.1, and for subsets of the cases based on injury
type or outcome. The different proportions in each distribution were grouped
according to the different levels of each independent variable for plotting in
Figures 13 through 17. The number of cases in each injury or outcome appears
in Table 2. The sum of the numbers of cases in all the different groups does not
equal the total number of cases in Table A.1 because cases with more than one
injury are included more than once (i.e., a case with both uterus and placenta
injuries is counted in both categories).

Table 2.
Number of Cases in Each Qutcome
Outcome Number of Cases

All Cases 120
Placenta 69
Uterus 24
Direct Fetal 34
Negative Outcomes 16
Positive Outcomes 18

The distributions of impact type in Figure 13 show that, in general, the
distributions for each outcome are similar to the overall distribution. The
negative outcome cases had higher proportions of rear and unknown impacts.
The cases with placenta injuries had a slightly lower proportion of side impacts
and a slightly higher proportion of front impacts.

Figure 14 shows distributions of estimated impact severity. The negative
outcome cases had higher proportions of major and minor impacts and had
fewer unknown crash severities. The positive outcome cases had the highest
proportions of minor and moderate severity crashes, and had no unknown
impact severities.

The distributions of pregnant occupant seating position are found in Figure
15. Most of the outcomes have a seating-position distribution similar to the
overall distribution. The uterine injuries have the highest proportion of front
passengers and the lowest proportion of drivers. The placenta injury cases have
the lowest proportion of front passengers and the highest proportion of rear
passengers.
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Figure 13. Distributions of impact type for all cases in Table A.1 and
by injury or outcome, grouped by impact type.

Figure 16 illustrates the distributions of restraint use by pregnant occupants.
Cases with positive outcomes have the highest percentage of 3-point belt use
and 3-point belt plus airbag use, and the lowest percentage of no restraint use.
Placenta injuries and negative outcomes have relatively high proportions of not
using restraints. Uterine injuries have the highest proportion of improper belt
use.

The distribution of gestational age for the different outcomes is found in Figure
17. The positive outcome cases had the highest proportion of cases in the ot
month of pregnancy. Since a birth resulting from a crash would not be
considered premature in the ninth month, this may contribute to this shift in
proportion. Uterus injury cases were the most evenly distributed, and had the
highest proportions in the 5™ and 6™ months of pregnancy. The gestational age,
as do direct fetal injuries. Negative outcomes primarily occur in the last
trimester of pregnancy.
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Figure 14. Distributions of impact severity for all cases in Table A.1 and by
injury or outcome, grouped by impact severity.
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Figure 15. Distributions of pregnant occupant seating position for all cases

in Table A.1 and by injury or outcome, grouped by seating position.
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Figure 16. Distributions of pregnant occupant restraint use for all cases in
Table A.1 and by injury or outcome, grouped by restraint use.
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Figure 17. Distributions of gestational age for all cases in Table A.1 and by
injury or outcome, grouped by gestational age.

CONCLUSIONS

A review of injuries specific to pregnant motor vehicle occupants illustrates
the following points regarding pregnant occupants involved in automotive
crashes.

e All nine cases involving maternal death resulted in fetal death, and eight of
these women were unbelted. Thus, the most basic way to protect the fetus
is to protect the mother through proper use of belt restraints.

e  While placental, uterine, and fetal injuries may occur with properly belted
occupants, the majority of the cases involving these injuries are to
unrestrained occupants.

e  The distinguishing characteristic of the cases with completely positive fetal
outcomes was proper restraint use by the mother.

e 65% of the cases with direct fetal injury also involved placental injury, as
did 63% of the cases with uterine injury. Thus, reducing the likelihood of
placental abruption is likely to reduce the probability of uterine and direct
fetal injury as well.

e All pregnant women involved in crashes, even minor ones, should
immediately seek medical attention. In most cases with fetal loss, the
mother sustained only minor or no other injuries other than placental,
uterine, or fetal damage.

e The anatomy of pregnant women while seated in automotive posture poses
a unique challenge to restraint designers because of difficulty positioning
the lap belt and close proximity to the steering wheel and airbag module.
The information presented in this paper will be used to guide the

development of the second-generation pregnant crash dummy. A key goal of

the next-generation design is to assess the likelihood of placental abruption, the
leading cause of fetal death in crashes.
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