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Abstract

Objectives: A survey of falls during pregnancy conducted in the United States and Japan found that the frequency of falls increased
with the progression of pregnancy. The purpose of this study was to analyze the posture control properties of women that fall during
pregnancy.

Materials and Methods: Participants comprised 100 pregnant women (age, 20-30 years). Posture control was assessed during the
second and third trimesters using 2 stabilometers to measure the ability to control upright posture. During the third trimester,
participants were asked to complete a self-administered questionnaire on falls.

Results: Data were obtained from 82 subjects after excluding dropouts. Ten fallers were identified, resulting in a fall incidence of
12%. The fall group showed a 9.9% increase in abdominal girth from the second to third trimester, significantly greater than the 6.9%
in the non-fall group. In the fall group, the rectangular area in the back, left and right was larger from the second trimester. In the
third trimester, the stability limits of the fall group were significantly smaller than in the non-fall group.

Conclusions: The loosening of joints from second trimester and declines in equilibrium function and an abrupt increase in
abdominal girth may cause shifts in recognition of how the body moves, such as estimation errors, thereby causing falls. For pregnant
women, guidance, exercises promoting awareness of fall prevention, and accurate perception of the body need to be incorporated in

the exercise from the second trimester.
Keywords: Pregnant women, Posture control, Estimation error

Introduction

According to a survey in the United States, about 26% of
working pregnant women have experienced falls, a rate
comparable to falls among elderly people >65 years old
(1). Major falls account for 17%-39% of maternal traumas
requiring treatment, resulting in fetal death in 3%-7% of
these falls (2). Fall prevention is thus an important issue
for pregnant women. In a survey conducted by Takeda
et al targeting 1000 pregnant women in urban areas of
Japan, 19% had experienced falls (3). Prevention of falls
requires posture control, which includes elements such as
bone alignment, joint function, and muscular strength,
in addition to neural mechanisms related to equilibrium.
Several factors that reduce posture control ability have
been identified in pregnancy, including increased spinal
lordosis, reduced strength of the abdominal muscles,
and loosening of the major joints (4-6). Fluctuations in
the center of gravity during pregnancy are reported to
increase postural sway fluctuations in the anteroposterior
and radial directions (7). Butler et al reported increased
postural sway throughout pregnancy, as evidenced by the
increased length of the center of pressure during quiet
stance in pregnant women (8). Takeda et al reported

that maximum center of pressure displacement in the
standing position was reduced in the second and third
trimesters, while the maximum mass transfer rate in the
forward direction, including diagonal directions, was
decreased in the third trimester (9). Stability of posture
can be regarded as the ability to keep the center of gravity
of the body within the range of the stability limit (10). A
fall thus represents a state in which deviation of the center
of gravity of the body from the stability limit cannot be
restored. A situation in which the center of gravity of the
body shows an increased likelihood of deviating from
the stability limit is unstable because posture stability
cannot be maintained even in the event of small external
forces. The increase in the number of falls accompanying
progression of pregnancy thus seems to be due to the fact
that the center of gravity of the body deviates from the
stability limit with even a small external force because of
physical changes.

In a survey of fall situations targeting 2000 pregnant
women in Japan, Takeda et al reported that falls due
to wobble during anti-weight/gravity actions such as
descending stairs, squatting/rising when sitting increased
with pregnancy (3). The rates of increase in abdomen,
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chest, and body weight are marked at 20-24 weeks of
pregnancy and 32-36 weeks of pregnancy (11). In the third
trimester, the weight gain of the mother is approximately
10-12 kg (12), further increasing the burden on the
musculoskeletal system. “Wandering” indicates a situation
in which relative muscular strength is insufficient to
support the weight gain inherent during the course of
pregnancy.

Many studies have investigated changes in posture
control during pregnancy, but none have examined the
characteristics of fallers from the perspective of posture
control.

Objectives

In considering fall prevention, understanding the
characteristics of posture control, including the position
of the center of gravity, weight, and physical characteristics
including abdominal girth, may help to support fall
prevention in daily life during pregnancy. The purpose of
this study was to clarify the posture control characteristics
of women that fall during pregnancy. The significance
of this research lies in the provision of basic quantitative
data on factors contributing to falls during pregnancy,
thus laying the groundwork for future examination of
interventions, including fall guidance.

Materials and Methods

Subjects were 100 healthy pregnant women in their 20’
and 30’ who understood the purpose and content of the
study and had consulted the Obstetrics and Gynecology
Department, where they provided consent to participate.
Exclusion criteria included 1) a history of lower limb or
lower back injury; or 2) regularly (at least once per week)
participating in sports. Measurements were taken at the
Obstetrics and Gynecology Measurement Office, where
obstetricians, gynecologists and midwives are on call
in case there are unforeseen circumstances involving
pregnant women and fetuses. After the women’s physical
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The amount of instability sway of the center of gravity at
each position was extracted from 10 seconds of data once

the woman’s motion subsided at the new position.

a) Stabilometer system and task

@ static standing

condition was checked during regular health checks by
gynecologists, measurements were carried out. These
measurements were carried out in the second and third
trimesters to assess changes over time. For quantitative
evaluation of posture control ability, 2 stabilometers (JK-
101 II; Unimec Co., Tokyo) and a personal computer were
used (Figure la). As a measurement task, each subject
was instructed to maintain a stationary standing position
on the 2 stabilometers while barefoot, with the medial
malleoli 100 mm apart.

The subject was instructed to signal “yes” when body
sway was considered stable and to then maintain the same
posture for another 10 s. The subject was then asked to
maintain the stable posture while the center of gravity was
moved as far as possible in the forward direction, in the
same manner as in static standing. Thereafter, the center of
gravity was moved backward in the same manner, then to
the right, then to the left. In each case, data were extracted
for 10 seconds from the time the subject signaled to start
the center of gravity fluctuation in each position. These
tasks were conducted twice during each measurement
session. Analyzed parameters were as follows (Figure 1b):
1) rectangular area(the area in which the body sways)
for the posture held for 10 seconds at the front, back, left
and right positions in the second and third trimesters; 2)
center-of-gravity movement for each of the front,back,
right and left (anterioposterio center-of-gravity movement
was calculated by determining the middle point of each
rectangular area when holding the posture for 10 seconds
to the front or back; lateral center-of-gravity movement
was calculated using the same process); and 3) stability
limits, obtained by multiplying the movement of the
center of gravity between the anterioposterio and lateral as
obtained in 2). Physical characteristics were determined
by interviews conducted before the posture control
measurements. These interviews were based on the results
of periodic medical examinations in the second or third
trimester. The items in the questionnaire created for this

Lateral center-of-grayi

movement

Anterioposterio center-of-gravity

Five rectangular area of
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Figure 1. Stabilometer System and Task and Parameters.
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study were height, weight and abdominal circumference.
To investigate the situation of falls during pregnancy, a
self-administered questionnaire was provided in the third
trimester and collected in the maternity hospital after birth.
The survey questionnaire collected information on the
presence or absence of falls during pregnancy, frequency,
environment, time zone, and use of medications. The
definition of fall in this study was as described by
Gibson et al, “unintentionally coming to the ground
or some lower level and other than as a consequence of
sustaining a violent blow, loss of consciousness, sudden
onset of paralysis as in stroke or an epileptic seizure” (13).
Measurements were carried out with the approval of the
ethics committee at Kansai University of Welfare Science
(approval number 14-10). For statistical processing,
SPSS Statistics version 24 (IBM, Japan) was used for: 1)
comparison of age and height between subjects in the non-
fall and fall group, and 2) comparison of posture control
parameters and 2 factors: point in time during pregnancy
and fall experience. Wilcoxon’s signed rank sum test was
used to analyze 1) The verification of 2) was verified by
Two-way repeated measures analysis of variance and for
subsequent verification Bonferroni correction was used
(P<0.05).

Results

Subjects comprised 82 women (mean age, 32 + 3.2 years;
height, 158.2 + 5.3 cm) after excluding participants who
dropped out. Reasons for dropping out included an
inability to participate in the second measurement day
due to poor physical condition or traffic congestion. Ten
of the 82 participants experienced falls, representing a
fall incidence of 12%. Characteristics of the 10 fallers are
shown in Table 1. The mean abdominal circumference was
92.2 + 3.3 cm. Four women fell in the second trimester
and 6 women fell in the third trimester. In the second
trimester, falls most often occurred while walking,
and a case of slipping and falling and a case of twisting
the ankle were confirmed. In the third trimester, many
falls occurred during squatting and rising motions,
and these falls resulted from wobbling and wandering.
Regarding medication, two fallers were taking medicine
for constipation, one was taking medicine for anemia, and
one was taking cough suppressants.

The average age and average height of subjects in the
non-fall group were 32 years and 158.4 cm, respectively,
and there were no significant differences from the fall
group. Table 2 shows body mass index (BMI), body
weight, abdominal circumference and rate of change
in the non-fall and fall group. There was no significant
difference in the interaction for BMI (F (1,162) = 0.831,
P>0.05), but a significant difference was observed in the
main effect of time (F [1,162] =417.99, P<0.05). BMI in
each group increased significantly with the progression of
pregnancy (P=0.01), by 5.8% in the non-fall group and
6.3% in the fall group. There was no significant difference

in the interaction for body weight (F [1,162]=0.215,
P>0.05), but a significant difference was observed in
the main effect of time (F [1,162]=432.07, P<0.05).
In each group, body weight significantly increased
(P=0.01) with the progression of pregnancy, by 6.1% in
the non-fall group and 6.4% in the fall group. There was
a significant difference in the interaction for abdominal
circumference (F [1,162]=10.27, P<0.05), the main effect
of time (F [1,162] = 375.38, P<0.05) and the main effect
of experiencing a fall (F [1,162]=4.123, P<0.05).In the
subsequent simple main effect test, abdominal girth was
significantly larger in the non-fall group in the second
trimester (P=0.01), but there was no significant difference
between the groups at the end of pregnancy (P=0.34).In
each group, abdominal girth increased significantly with
the progression of pregnancy, but the rate of increase in
abdominal girth from the second to the third trimester
increased by 9.9% in the fall group, compared to 6.9% in
the non-fall group, representing a significant increase.

Table 3 shows changes in posture control ability with
progression of pregnancy with or without falls. In the
rectangular area in each direction, there was no interaction
in both positions that the static standing position (F
(1,162) =0.000, P> 0.05) and the front direction (F (1,162)
= 0.299, P>0.05). There was no significant difference in
the main effect, respectively, the time and experiencing a
fall. There was also no significant difference in the main
effect.

There was no significant difference in interaction in
the back rectangular area (F (1,162)=0.575, P>0.05), and
the only main effect was the experiencing a fall (F (1,162)
=8.470, P<0.05). Compared to the non-fall group, back
rectangular area was significantly larger in the fall group
at every time point (P=0.01). There were no significant
differences in the interaction in the right rectangular area
(F (1,162)=1.508, P>0.05), the main effect of time (F
(1,162) =5.60, P<0.05), or the main effect of experiencing
a fall (F [1,162] = 8.036, P<0.05).Compared to the
non-fall group, the fall group was significantly larger at
every time point (P=0.01), and the rectangular area in
each group was significantly increased to 8.1% (non-fall
group) and 21.3% (fall group)(P=0.02), respectively, with
the progression of pregnancy. There were no significant
differences in the interaction in the left rectangular area (F
[1,162] =1.535, P>0.05), the main effect of time (F (1,162)
= 5.78, P<0.05), or the main effect of experiencing a fall
(F [1,162] = 13.63, P<0.05). Compared with the non-fall
group, the fall group was significantly larger (P=0.01) at
each time point, and the rectangular area significantly
increased to 10.7% (non-fall group) and 25.1% (fall
group) in each group with the progression of pregnancy
(P=0.01).

A significant interaction was observed between
the anteroposterior center-of-gravity movement (F
[1,162] =5.438, P<0.05), and a main effect of time
was observed (F [1,162]=13.01, P<0.05).There was no
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Table 2. Comparison Between Time and Experiencing a Fall About BMI, Body Weight and Abdominal Circumference.

. . Change Time Main Experiencing a .
2nd trimester 3rd Trimester rate (%) Effect Fall Main Effect Interaction

BMI Non-fall group 22.4 23.7 5.8 417.99* 0.83 0.83

Fall group 223 23.7 6.3
Body weight (kg) Non-fall group 56.1 + 6.4 59.5 + 6.5 6.1 432.07* 0.60 0.22

Fall group 54.9 + 49 58.4 + 49 6.4
Abdominal Non-fall group 87.3 + 5.2 93.3 + 48 6.9 375.38%* 4.123* 10.27*
circumference (cm)

Fall group 83.9 + 5.2 92.2 + 3.2 9.9

Non-fall group(n=72), Fall group (n=10), * P < 0.05.

significant difference between the groups in the second
trimester (P=0.07) in the subsequent simple main
effect test, but in the third trimester, the fall group was
significantly smaller (P=0.01). There was no change
(P=0.90) with pregnancy in the non-fall group, and
the anteroposterior center-of-gravity movement was
significantly decreased by 8.7% in the fall group (P=0.04).
A significant interaction was observed with the lateral
center-of-gravity movement (F (1,162)=9.867, P<0.05),
the main effect of time (F [1,162]=6.189, P<0.05), and
the main effect of experiencing a fall (F (1,162)=8.451,
P<0.05).Although there was no significant difference
between the groups in the second trimester (P=0.35)
in the subsequent simple main effect test, the lateral
center-of-gravity movement was significantly smaller
in the fall group in the third trimester (P=0.01). There
was no change (P=0.17) with pregnancy in the non-fall
group, and the lateral center-of-gravity movement was
significantly decreased by 6.2% in the fall group (P=0.01).
There was a significant interaction in the stability limits
(F (1,162) = 9.086, P<0.05), the main effect of time (F
(1,162)=13.19, P<0.05), and the main effect of fall (F
(1,162)=5.037, P<0.05).In the subsequent simple main
effect test, although there was no significant difference
between the groups in the second trimester (P=0.38), the
stability limits was significantly smaller in the fall group
on the third trimester (P=0.01). There was no change
(P=0.39) with pregnancy in the non-fall group, and the
stability limits were significantly decreased by 13.7% in
the falling group (P=0.01).

Discussion

Greater stability of posture maintenance is achieved with
a lower center of gravity, and also when there is a low
probability that the center of gravity line will deviate from
the stable region (14). In the present research, based on the
idea advocated by Mochizuki, the rectangular area at the
time of posture holding at the position of center of gravity
movement was arbitrarily considered as posture-holding

ability in each direction (14). The change in posture
control during pregnancy was examined by capturing
the stability limits calculated anteroposterior and lateral
center-of-gravity movement and stability limits.

A characteristic of the posture control in the fall group
was that the anteroposterior center of gravity movement
decreased significantly as pregnancy progressed.
Normally, ankle joint flexors are used in what is called an
ankle strategy to control anteroposterior posture while
maintaining the base of support, but when posture control
through the ankle strategy becomes insufficient, a hip
strategy is also used for posture control with hip muscles
(10). Subjects in the present study were required to move
their center of gravity to the anteroposterior, lateral as
much as possible during measurements. Therefore, they
needed to employ a hip joint strategy during the final
range of movement of the center of gravity. In the static
upright position during pregnancy, balance with the center
of gravity of the body displaced forward and upward is
maintained by anterior positioning of the center of gravity
line (15,16). Abdominal circumference significantly
increased in the third trimester. Thus, we assumed that
the physical center of gravity in the third trimester had
shifted forward, and that the range of motion of the hip
joint was restricted due to the forward tilt of the pelvis.
For these reasons, the amount of forward movement of
the center of gravity was considered decreased in the third
trimester, and the amount of anteroposterior movement
of the center of gravity was decreased.

Subjects in the fall group exhibited smaller movement
of the center of gravity in both the anteroposterior and
lateral directions. Factors considered important in posture
control include stabilization of the sacroiliac joint via the
abdominal oblique muscle during lateral weight shift,
retention of the horizontal position of the pelvis via the
gluteus muscles, and maintaining the vertical position of
the trunk (17). Subjects in the fall group exhibited a sharp
increase in abdominal circumference, which may have led
to dysfunction of core muscles, including the multifidus
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muscle, due to breakdown of the rectus abdominis muscle.
Therefore, the lateral movement of the center of gravity
decreased in the fall group due to the sudden increase in
abdominal girth. Moreover, less movement of the center
of gravity in the anteroposterior and lateral directions
decreased the stability limits. A smaller stability limits
mean there is a higher probability that the center of gravity
line will deviate from the stable region, thereby lowering
the stability of posture maintenance. Reduction of the
stability limits associated with the course of pregnancy in
the fall group may have influenced the occurrence of falls
during pregnancy.

Rectangular areas in each direction except the front
and during static standing were significantly increased.
For the task in the present study, subjects were required
to maintain their posture in the final region where center
of gravity moved in each direction, except during the
static upright position. The ankle flexors, hip extensors,
joint dorsiflexors, hip flexors, and hip abductors must act
together to maintain posture during forward movement. In
the final region of the movement of the center of gravity in
each direction, contraction of the muscles of the hip joint
is required. The hip strategy involves control in the final
area. Muscular strength during pregnancy is decreased
in comparison with that before pregnancy (18,19). The
increase in rectangular area in each direction other than
the front and during static standing was considered to be
due to insufficient hip joint muscular strength relative
to weight gain. It was thought that the invariance of the
rectangular area at the time of static standing indicates a
situation where balance is not required. The invariance of
the front rectangular area was attributed to control using
only the ankle joint strategy without using the hip joint
strategy, as the amount of anteroposterior movement of
the center of gravity was decreasing.

These results suggest that the postural control ability
decreases temporally, but fluctuations at the time of
movement of the center of gravity in the anteroposterior
and lateral directions due to changes associated with
pregnancy decrease the stability limits.

Changes in body weight and abdominal girth during the
course of pregnancy seem to influence posture control, and
while no significant differences in body weight were seen
between the two groups at any time during pregnancy,
abdominal girth was significantly smaller in the second
trimester in the fall group. The effects of decreases in
weight and abdominal girth on posture control from the
second trimester in the fall group are thus complex. A
check of medication history in the fall group revealed that
one pregnant woman was taking medicine for anemia, so
posture sway due to anemia from previous pregnancies
may have been present. This suggests the possibility
of original joint loosening or a decline in equilibrium
function, due to insufficient weight control by muscle
strength, in the fall group.

On the other hand, the rate of change in abdominal

circumference from the second to third trimester was
9.9% in the fall group, significantly higher than the 6.9%
increase in the non-fall group. Moreover, body weight
gain was 6.4% in fallers, compared to 6.1% in non-
fallers. Once possible factor related to falls is a rapid
increase in abdominal girth over a short period of time,
where the position of the center of gravity is rapidly
displaced forward. Specifically, the substantial physical
changes associated with pregnancy in a short period of
time cause a shift in recognition of how the body moves
(20,21). In a study of 32 patients with chronic stroke
hemiplegia, evaluation of the estimated reach distance
of the nonparalyzed upper limb and examination of the
relationship between error from actual reach distance and
number of falls during hospitalization showed a significant
correlation between error distance and the number of
falls, with 92% of fallers reporting an error distance 26 cm
(21,22). In a previous study investigating the awareness of
falls during pregnancy, more pregnant women reported
they were not careful about falling compared to pregnant
women who reported that they were careful about rising
and squatting movements and falling while walking (3).
Likewise, in the present study, a common response on the
questionnaire survey from participants in the fall group
was, “I fell down when I moved as usual’, and shifts in how
the body moves according to estimation errors may have
been involved. The results of this study showed a decrease
in posture control ability among fallers from before the
second trimester. There was also a possibility of loosening
of the joints and decreased equilibrium function from the
second trimester, while abrupt increases in abdominal
girth may have shifted recognition of how the body
moved, ie., estimation errors. Pregnant women need to
consider not only incorporating exercises for posture
control from before the second trimester into their daily
routine but also utilizing information and guidance on
fall prevention during pregnancy to manage the inevitable
reductions in posture control ability observed from the
second trimester. According to Whipple et al, the features
of effective posture control training are: 1) body-weight
exercises; 2) interactions between the body and head
(eyeball movement), including quick movement in the
horizontal direction; and 3) activation of muscle groups
including amplitude motion in the vertical direction and
the thigh and hip joint (23). As a constituent element of
posture control training during pregnancy, we propose
incorporating anti-gravity movements to promote muscle
activity supporting bodyweight while being conscious of
“wobble” in the front, rear, left and right directions due
to weight shift. Consideration of these movements to
facilitate recognition of displacement due to changes in
weight and the body’s center of gravity accompanying the
progression of pregnancy is important.

One limitation of this study was that we could not capture
changes in posture control before the second trimester, and
so could not narrow down causes of decreases in posture
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control ability. The low number of participants who
experienced falls is also a limitation. Future investigations
should examine the effects of exercise on posture control
ability along with changes in posture control from early
pregnancy.
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