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INTRODUCTION

In pregnant women, standing posture changes as the fetus de-
velops. Increasing load onto the lumbar spine and abdominal 
muscles causes a shift of the head position in the posterior 
direction and increases lumbar lordosis and anterior pelvic tilt 
[1, 2]. These changes in body alignment influence the stabil-
ity of standing posture. Indeed, an intervention in the USA 
showed that almost 25% of employed women sustain a fall at 

work during pregnancy [3]. Stabilometric analyses of stand-
ing posture have coincidentally shown that the area of body 
sway increases during pregnancy [4-7]. The path length of 
antero-posterior body sway increases during pregnancy and 
decreases between late trimester and postpartum [5-8]. On 
the other hand, the path length of body sway in medio-lateral 
axis decreases or remains unchanged [5-8]. Therefore, the in-
crease in sway area during pregnancy is mainly caused by the 
increase in the path length of antero-posterior body sway.

ABSTRACT

The correlation between physical features and body sway on standing upright was explored in women before and after 
the delivery. Body sway during upright standing was recorded in 18 women in the third trimester and 1 month after de-
livery. Height, body weight, body mass index (BMI), and abdominal circumference were also registered twice. In women 
at the 38th week of gestation on standing upright, the abdominal circumference was positively correlated with the total 
path length (LNG) and enveloped area (ENV-AREA) of body sway. The path length of body sway in antero-posterior axis 
(Y-LNG) was also correlated with the abdominal circumference, but the path length in medio-lateral axis showed no such 
correlation. These correlations were not observed at 1 month after delivery. The body weight and BMI did not correlate 
with parameters of body sway either in the 3rd trimester or postpartum. Fast Fourier transform (FFT) analysis of body 
sway showed that the percentile power of the frequency band of 1.0-10.0 Hz, stabilized by the somatosensory inputs, 
was smaller in the 3rd trimester than that postpartum. It is hypothesized that the reliance on somatosensory information 
for maintaining standing posture increases as the abdominal circumference increases during pregnancy. 
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We have previously shown that the power of 1.0-10.0 Hz band 
of body sway is smaller in pregnant women than that in non-
pregnant controls [5]. Body sway of 1.0-10.0 Hz band is stabi-
lized by somatosensory inputs [9]. Therefore, we thought that 
some changes in physical features during pregnancy would 
increase the reliance on somatosensory inputs and help to 
maintain the standing posture. Indeed, it has been reported 
that body weight positively correlates with the antero-poste-
rior body sway in obese women on standing [10]. The body 
weight and fat mass increase as pregnancy proceeds [11]. The 
abdominal circumference also increases as the fetus develops. 
Therefore, in the present experiments, we explored the cor-
relation between physical features such as body weight, body 
mass index (BMI) and abdominal circumference, and param-
eters of body sway during pregnancy employing a within-sub-

ject paradigm. Fast Fourier transform (FFT) analysis of body 
sway was also introduced in order to evaluate the rationale 
contribution of sensory inputs to maintain the standing pos-
ture, i.e., visual, somatosensory, and vestibular inputs. These 
sensory inputs with different modalities influence the power 

spectrum of body sway [9]. 

METHODS

Participants were 18 women who gave birth at Yamanashi Red 
Cross Hospital and Fujiyoshida Municipal Hospital, Yamanashi, 
Japan. Ten women were primiparous and 8 were multiparous. 
Data for the 3rd trimester were collected once after the ob-
stetric examination on a weekly basis, and data postpartum at 
1 month after delivery (Table 1). 

All experimental procedures were performed in accordance 
with the Ethics Committee of the Faculty of Nursing, Ya-
manashi Prefectural University on the basis of the Declaration 
of Helsinki, and informed consent of all participants was ob-
tained in written form.

Postural sway was recorded by detecting the body’s center 
of gravity continuously with a force platform equipped with 
a data processor (Gravicorder G-5500, Anima, Tokyo, Japan). 
Participants were requested to stand on the platform with 
their feet parallel, gazing at a target, a black circle with a diam-
eter of 12 cm on a white background, fixed at a 1.5 m distance 
and at the height of the participant’s eyes. This arrangement 
of the visual target provided a visual angle of 4.58 degrees. 
The body sway of each participant was recorded for 1 min, first 
with the eyes open and next with the eyes closed. The area 
(ENV-AREA) and path length of body sway were registered. 
Spectrum analysis by fast Fourier transform (FFT) method of 
body sway in the medio-lateral and antero-posterior axes was 
performed. Power spectra of body sway were evaluated by 
comparing percentile powers of four frequency bands, i.e., 
0.02-0.1, 0.1-0.5, 0.5-1.0, and 1.0-10.0 Hz. These four fre-
quency bands were basically chosen according to Redfern et 
al. [9]. Body sway of 0.02-0.1 Hz is predominantly stabilized by 
visual inputs and vestibular inputs from the otoliths, and body 
sway of over 1.0 Hz is stabilized by somatosensory inputs from 
the ankles and feet. Vestibular inputs from semicircular canals 

exert stabilizing effects on body sway of 0.5-1.0 Hz.

Differences in physical features in the 3rd trimester and after 
delivery were examined by Student’s t- test for paired sam-
ples. The significance of body sway parameters and power 
spectra was tested by one way-ANOVA. When statistical sig-
nificances were confirmed, differences between mean values 
were further examined by Fisher’s PLSD. Correlations between 
physical features, i.e., body weight, BMI, and abdominal cir-
cumference and parameters of body sway were examined by 
Pearson’s test. The hypothesis rejection level was p < 0.05. 

RESULTS

Correlations Between Physical Features and Body Sway

Between the 3rd trimester and postpartum, there were sig-
nificant differences in the body weight, BMI, and abdominal 
circumference (Table 1). Parameters of body sway in the 3rd 
trimester and postpartum are shown in (Table 2). 

Table 2:	 Parameters of body sway before and after delivery. 

LNG

(cm)

ENV-AREA

(cm2)

X-LNG

(cm)

Y-LNG

(cm)

Before Eyes open 51.0±2.6 2.5±0.3 30.6±2.3 33.6±1.5

Eyes closed 63.6±4.4 2.5±0.3 34.3±3.8 45.4±2.8

After Eyes open 50.1±2.4 2.0±0.2 31.0±2.0 32.3±1.3

Eyes closed 61.3±3.1 2.4±0.3 35.2±2.3 42.1±2.4

Means and SEMs (n = 18) are shown. LNG: total length of body sway, 

Week of gestation

(week)

Age

(year)

Height

(cm)

Body weight

(kg)

BMI

(kg/m2)

Abdominal  
circumference(cm)

Before 38.0±0.4 31.4±0.8 155.1±1.1 58.4*±1.0 24.3*±0.4 90.0* ± 0.8

After ‡ 31.4±0.8 155.1±1.1 51.4 ±1.0 21.4 ± 0.4 73.4 ± 1.3

Means and SEMs (n = 18) are shown. * Statistical significance between data (p < 0.05) ‡ One month after delivery.

Table 1:	 Physical features of participants before and after delivery.
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ENV-AREA: enveloped area of body sway, X-LNG: body sway in the medio-
lateral axis, Y-LNG: body sway in the antero-posterior axis.

Closing the eyes significantly increased LNG, X-LNG and Y-LNG 
before and after the delivery (F(1,17) = 36.8985, 11.117 and 
42.059; p = 0.001, 0.004 and 0.000, respectively). Y-LNG tend-
ed to decrease after delivery (F(1,17) = 3.980, p = 0.062).

Closing the eyes significantly increased the total path length 
(LNG) in the 3rd trimester and postpartum (F(1, 17) = 36.885, 
p = 0.000). ENV-AREA was not influenced by closing the eyes 
(F(1,17) = 1.621, p = 0.220). Closing the eyes significantly in-
creased the path length in the medio-lateral (X-LNG) and 
antero-posterior (Y-LNG) axes (F(1,17) = 11.117 and 42.059, 
p = 0.004 and 0.000, respectively). There were no differenc-
es in LNG, ENV-AREA, and X-LNG between the 3rd trimester 
and postpartum (F(1.17) = 0.561, 1.661 and 0.092; p = 0.464, 
0.215 and 0.765, respectively). Y-LNG showed a tendency to 
decrease after the delivery (F(1,17) = 3.980, p = 0.062).

In the 3rd trimester, the abdominal circumference (Table 1) 
was correlated with parameters of body sway (Figure 1). 

Figure 1: Correlation of the abdominal circumference and total path 
length (LNG) and enveloped area (ENV.AREA) of body sway in pregnant 
women at the third trimester.

Correlations were significant irrespective of whether the eyes were open 
(left half) or closed (right half). 

When the eyes were open, the abdominal circumference was 
positively correlated with LNG and ENV-AREA of body sway (r 
= 0.503 and 0.677, respectively). When the eyes were closed, 
significant correlations of the abdominal circumference with 
LNG and ENV-AREA were also confirmed (r = 0.519 and 0.717, 
respectively). At 1 month after delivery, the abdominal circum-
ference did not significantly correlate with LNG and ENV-AREA 
(r = 0.030 and 0.096 while standing with the eyes open, and 
r = -0.087 and -0.049 with the eyes closed). The body weight 

and BMI significantly correlated with the abdominal circum-
ference in the 3rd trimester (r = 0.810 and 0.692, respectively) 
and after delivery (r = 0.840 and 0.736, respectively). How-
ever, neither the body weight nor BMI correlated with param-
eters of body sway. 

The correlation of the abdominal circumference with X-LNG 
and Y-LNG was separately examined in the 3rd trimester (Fig-
ure. 2). 

Figure 2: Correlation of the abdominal circumference and path length of 
body sway in the medio-lateral and antero-posterior axes (X-LNG and Y-
LNG, respectively) in pregnant women at the third trimester.

In Y-LNG (lower panels), correlations were significant irrespective of 
whether the eyes were open (left half) or closed (right half). 

A positive correlation between the abdominal circumference 
and Y-LNG was confirmed (r = 0.622 with the eyes open and 
0.545 with the eyes closed). However, there was no such cor-
relation in X-LNG (r = 0.345 with the eyes open and 0.377 with 
the eyes closed). 

Spectral Components of Body Sway

Percentile powers of 4 frequency bands, 0.02-0.1, 0.1-0.5, 0.5-
1.0, and 1.0-10.0 Hz, were compared between the 3rd trimes-
ter and postpartum. Regarding body sway in the medio-lateral 
axis (Figure 3), there were significant differences between the 
3rd trimester and postpartum in the 0.02-0.1, 0.1-0.5 and 1.0-
10.0 Hz bands (F(1,17) = 4.406, p = 0.051; F = 5.124, p = 0.037; 
F = 6.314, p = 0.022, respectively). In participants standing with 
their eyes closed at the 3rd trimester, the percentile power of 
the 0.02-0.1 Hz band was greater and powers of 0.1-0.5 and 
1.0-10.0 Hz bands were smaller than those postpartum (p = 
0.008, 0.008 and 0.009, respectively). The effect of closing the 
eyes was significant in the 1.0-10.0 Hz band (F(1,17) = 9.728, 
p = 0.006), and the percentile power increased on closing the 
eyes postpartum (p = 0.005). There was no difference in the 

percentile power of the 0.5-1.0 Hz band between conditions.
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Figure 3: Percentile powers of different frequency bands of body sway 
in the medio-lateral (upper panels) and antero-posterior (lower pan-
els) axes at the third trimester (open squares) and postpartum (closed 
squares). 

#: significant difference between conditions, eyes open and eyes closed.

*: significant difference between the 3rd trimester and postpartum.

Regarding body sway in the antero-posterior axis (Figure 3), 
there were significant differences between the 3rd trimester 
and postpartum in the percentile powers of 0.02-0.1, 0.1-0.5 
and 1.0-10.0 Hz bands (F(1,17) = 6.113, p = 0.024; F = 5.718, 
p = 0.029; F = 4.785, p = 0.043, respectively). For participants 
standing with their eyes closed in the 3rd trimester, the per-
centile power of the 0.02-0.1 Hz band was greater and the 
power of the 0.1-0.5 Hz band was smaller than those postpar-
tum (p = 0.024, 0.029, respectively). The percentile power of 
the 1.0-10.0 Hz band in women standing with their eyes open 
was smaller in the 3rd trimester than that postpartum (p = 
0.043). There was no difference in the percentile power of the 
0.5-1.0 Hz band before and after delivery (F(1,17) = 0.063, p 
= 0.805). 

 Concerning body sway in the antero-posterior axis, the effect 
of closing the eyes was significant in all frequency bands at 
the 3rd trimester and postpartum (F(1,17) = 8.408-23.786, p 
= 0.000-0.010). 

 DISCUSSION

 For women in the 38th week of gestation, the total path 
length and enveloped area of body sway during upright stand-
ing were positively correlated with the abdominal circumfer-
ence (Figure 1). In pregnant women standing upright, increas-
es in the total path length and area of body sway have been 
previously reported [4-6]. It is possible that the increase in the 
antero-posterior body sway in correlation with the abdominal 
circumference (Figure 2) increases the total path length and 
area of body sway. A multiple regression analysis has shown 

that the contribution ratio of body weight in stabilizing the 
postural balance was greater than 50% in males [12]. In obese 
females on standing, a positive correlation between the body 
weight and antero-posterior body sway has been reported 
on one hand but an inverted correlation on the other hand 
[10, 13]. The latter is tentatively taken as a result of functional 
adaptation. In the present experiment, however, the body 
weight did not correlate with parameters of body sway. A pre-
ceding study has either reported no correlation between the 
antero-posterior body sway and weight gain in women at the 
last trimester [7]. Weight gain during pregnancy is more or 
less 10 kg [11]. In our experiment, weight gain was 7.0 kg, and 
BMI at the 3rd trimester did not exceed the normal range (Ta-
ble 1). Unlike the case for obese population, weight gain is not 
a major cause for changes in sway parameters during preg-
nancy. Furthermore, a recent study showed that BMI does not 
correlate with sway parameters in pregnant women [14]. The 
center of mass shifts anterior to the hip and destabilizes the 
standing posture, although the lumbar lordosis is greater dur-
ing pregnancy [2, 15]. Foot pressure increases in the anterior 
plantar in the late pregnancy [7]. We think that the increase 
in abdominal circumference, as a consequence of the fetal 
growth, forward sift of the center of mass and the increase in 
anterior plantar pressure, correlates with the antero-posterior 
body sway more prominently than body weight and BMI in 
pregnant women. 

 It has been reported that antero-posterior body sway corre-
lates with the feeling of balance impairment in pregnant wom-
en and decreases between the 3rd trimester and postpartum 
[8]. The feeling of a loss of balance may increase anxiety. We 
have shown that the increase in anxiety aggravates body sway 
in the antero-posterior axis in college students and recently in 
pregnant women [5, 16]. The influence of anxiety on antero-
posterior body sway disappeared on closing the eyes [5, 16, 
17]. However, the correlation between the abdominal circum-
ference and antero-posterior body sway during pregnancy 
was observed irrespective of whether the eyes were open or 
closed (Figure 2). Therefore, the correlation between abdomi-
nal circumference and antero-posterior body sway reflects 
one facet of sensorimotor coordination independent of eye 
conditions. 

 FFT analysis of body sway (Figure 3) showed that the percen-
tile power of the frequency band of 1.0-10.0 Hz, stabilized by 
the somatosensory inputs, was smaller at the 3rd trimester 
than that postpartum. We have previously shown that the 
percentile power of 1.0-10.0 Hz band in the medio-lateral 
body sway is smaller in pregnant women in comparison to 
non-pregnant controls [5]. The present experiment employing 
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a within-subject paradigm showed that the body sway of 1.0-
10.0 Hz band was smaller in both antero-posterior and me-
dio-lateral axes during pregnancy. In the late pregnancy, the 
stance width is increased [18]. The increase in stance width 
mechanically fixes the knee joint and causes a coupling of an-
kle and hip movements to stabilize the medio-lateral motion 
by increasing proprioceptive sensitivity [19]. The total length 
and velocity of body sway are smaller in pregnant women at 
the 3rd trimester than those in non-pregnant controls while 
standing on a force platform with antero-posterior inclines 
[20]. This fact shows that sensorimotor responses induced 
by somatic stimulation, i.e. different angular positions of the 
ankle, greatly stabilize the antero-posterior body sway in the 
late trimester. These reports together with our result in FFT 
analysis suggest that the standing posture is maintained by 
increasing the reliance on somatosensory information during 
pregnancy. 

CONCLUSION

Among physical features in women before and after the de-
livery, the abdominal circumference in the 3rd trimester posi-
tively correlates with antero-posterior body sway on standing 
upright. The increase in the abdominal circumference may 
cause the increased reliance on somatosensory information in 
maintaining standing posture also in the 3rd trimester. 

Physical features such as lumbar lordosis and pelvic tilt may 
also influence the reliance on somatosensory inputs in preg-
nant women, although we did not examine these features in 
the present experiment. However, the abdominal circumfer-
ence is a simple measure to predict the stability of standing 
posture in pregnant women. 

Somatosensory activation by transcutaneous electrical stimu-
lation (TENS) stabilizes the standing posture in young adults 
[21]. It is expected that increasing the reliance on somatosen-
sory inputs decrease the fall in pregnant women and lead to 
the successful delivery.
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