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ABSTRACT

-

Obijective: The aim of this study was to examine the changes in static balance during the three trimesters of pregnancy.

Methods: Nineteen pregnant women who were in the first trimester of pregnancy were included in the study. The static balance assessment of
the pregnant women was performed with Biodex-BioSway™ Balance System. The balance was assessed with the Postural Stability Test, Limits
of Stability Test (LOS) and Modified Clinical Test of Sensory Integration and Balance (mCTSIB). Measurements were repeated during the 1st
trimester (10-12 weeks), the 2nd trimester (22-24 weeks) and the 3rd trimester (34th week) of the same pregnant women.

Results: There was no significant difference between trimesters in terms of the postural stability test (p>0.05). It was determined that there was
a difference between the three trimesters in the LOS scores of the pregnant women (p<0.05). There was a significant increase in the LOS in the
last trimester compared to the first trimester. According to the mCTSIB, there was only a difference between the three trimesters in the eyes
closed firm surface parameter (p<0.05). Oscillations were higher in the third trimester than in the second trimester.

Conclusion: As a result of this study, which underlines the importance of evaluating static balance by follow-up of the same pregnant women
during three trimesters, it is seen that there are changes in different parameters of balance. Considering the differences in the sub-parameters
of balance in pregnant women; multi-directional evaluation involving different parameters may be beneficial when evaluating balances.
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1. INTRODUCTION

During pregnancy, the body of the pregnant woman
undergoes important anatomical and physiological changes
in order to nurture and accommodate the developing fetus
(1). These physiological changes may lead to alterations in
the biomechanical structure of the pregnant woman resulting
in changes in balance and postural control (2). The increase
in body weight which occurs to meet the needs of the baby
and to maintain the health of the mother, is one of the most
important changes that occurs during pregnancy. An average
increase of 11-16 kg is considered normal (3). Abdominal
morphology changes from the second trimester, with the
increasing size of the uterus and weight of the fetus, and
there is a 30% increase in abdominal mass (4). The increase
in abdomen size is related to decrease in static stability (5)
and adaptive changes occurring in spinal curvatures which
would compensate the anterior displacement of the center
of gravity to maintain postural balance (6). It has been
reported that gestational weight gain and the asymmetrical
distribution of weight mainly in the anterior abdominal
region (4), the adaptive postural changes necessary for

readjustment of anterior-posterior center of gravity location
(7), and increased joint laxity (8) may lead to changes in
the static stability of a pregnant woman (5). Adaptations
occurring in soft tissue, joints, and posture are important,
both due to associated discomfort and pain, and due to
changes in postural balance which increases the risk of
falling (9). It is also stated that pregnant and postpartum
women often suffer from sleep deprivation because they
do not get enough sleep and this may also have an effect
on postural stability (10). In pregnant women, it is very
important to evaluate the changes in postural stability. Good
postural control is essential for maintaining balance. In static
posturography, increased sway of the human body during
quiet standing may indicate a decrease in postural stability.
An unstable posture may prevent optimal motor activity and
cause falls (5).

It is stated that the above mentioned anatomical and
physiological changes may cause postural instability during
pregnancy. However, in the literature, there is no consensus
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among the studies evaluating pregnant women in terms of
these parameters. Although there are studies evaluating
pregnant women in terms of postural sway, to the best of
our knowledge we believe that there is no study in literature
evaluating all sub parameters of static balance in pregnant
women during three trimesters. Based on the assumption
that the static balance of pregnant woman who are followed
up for three trimesters will decrease, the aim of this study is
to examine the changes that occur in static balance during
pregnancy.

2. METHODS

2.1. Individuals

This study was carried out in Gazi University Faculty of Health
Sciences, Physiotherapy and Rehabilitation Department
and Gazi University Faculty of Medicine Obstetrics and
Gynecology Department. Approval was obtained from the
Ethics Committee of Gazi University under the number
77082166-604.01.02-6834. Pregnant women were informed
about the study in detail and written consent was obtained
from each participant. Guidance and medical examinations
of the pregnant women were carried out by an Obstetrics
and Gynecology specialist at Gazi University.

Pregnant women between the ages of 18-40, who were in
the first trimester of pregnancy (10-12) with a singleton live
fetus, and without a pregnancy risk were included in the
study. Exclusion criteria were; fetal developmental delay
or anomalies, maternal problems such as; chronic diseases
(hypertension, cancer, diabetes, vasculopathy), obesity in
the first trimester (Body mass index (BMI)> 30), those who
had neuromuscular, visual or orthopedic problems, and any
problem which could affect balance were not included in the
study. As a result, 19 pregnant women who met the criteria
and agreed to participate in the study were included (Figure
1. Flow Diagram).

Enrollment Assessed for eligibility (n=50)
Excluded (u= 18)
= Declined to participate (u= 18)
Lost to follow up (n=13)
FolloniUp = Discontinued examination (n=10)
= Gestated ended (n= 1)
= Who gave up participating in the study (n=2)

Analysed (n= 19)
= Excluded from analysis (n=0)

Figure 1. Flow diagram illustrating the participants in the study

The measurements were repeated 3 times in the same
pregnant women; for 10-12 weeks (in the 1st trimester),

22-24 weeks (in the 2nd trimester) and 34th week-delivery
(in the 3rd trimester).

Static balance was evaluated with Biodex-BioSway™ Balance
System (BBS) (SD 950-340, Biodex Medical Systems, Inc.,
Shirley, NY, USA) (11). This device has 3 separate tests and
6 separate training programs and provides valid, reliable,
and repeatable objectives measures of a patient’s ability to
balance on a firm and/or foam surface. Balance assessment
with BBS was performed with the Postural Stability Test,
Limits of Stability (LOS) and Modified clinical test of sensory
integration and balance (mCTSIB).

The Postural Stability Test was used to evaluate the pregnant
woman’s ability to maintain center of balance. It was
explained that the dot on the screen represents her Center
of Gravity (CoG) and that she had to maintain her CoG by
moving her body (without moving her feet) and hold it on
the target point for 30 seconds. This test was repeated 3
times. As a result of the test, the Overall Stability Index (OSl),
Medial-Lateral Stability Index (MLSI) and Anterior-Posterior
Stability Index (APSI) were obtained. These scores indicate
the amount of deviation from the anterior-posterior (AP)
and medial-lateral (ML) axes. The patient’s score on this test
assesses deviations from center. Low scores indicate that the
deviation is low, and the person’s postural stability is good,
thus a lower score is more desirable than a higher score.

LOS test is defined as the maximum angle a person’s body can
achieve from vertical without losing balance. The pregnant
woman was asked to move the cursor representing her CoG
to the targets on the screen (8 target points in the shape
of a circle and 1 target point in the center). By shifting her
weight, the pregnant woman was instructed to reach the
blinking target and back as quickly and with as little deviation
as possible. The test was repeated 3 times. As a result of the
test, the “overall” score of the individual was obtained. A low
“actual” score indicates that the person’s LOS are decreased.

The mCTSIB test was used to evaluate the standing balance in
different situations (eyes open / closed, firm support surface
/ dynamic support surface) that the individual may encounter
in daily life. To reduce the effect of visual feedback on balance,
the dot representing the center of gravity is not visible on
the screen during the mCTSIB. This test is performed in four
different situations, with 30 seconds for each test and a 10
second rest period between each test. For the first situation,
the pregnant woman was instructed to stand with her eyes
open on the firm surface. For the second situation the test
was performed on the same surface with the pregnant
woman’s eyes closed. For the third and fourth situations
an foam surface was placed on the platform (to reduce the
effect of the surface) and the test was performed with the
pregnant woman'’s eyes open for the third situation and with
her eyes closed for the fourth situation. As a result of the
test, the body sway was calculated and the sway index scores
(SI-Sway Index) for; Eyes Open Firm Surface, Eyes Closed Firm
Surface, Eyes Open Foam Surface, Eyes Closed Foam Surface
were obtained. A higher sway index score indicates that the
person has increased postural sway.
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2.2.Statistical analysis

Statistical analyses of the study were carried out with SPSS
for Windows 22.0 package program. The normal distribution
of the data was analyzed with Tests of Normality and Shapiro-
Wilk Test. The non-normal distributed data obtained from
the measurements of pregnant women were presented
using medians and interquartile range. In comparisons
between trimesters, the statistical significance of the change
over time for parameters was determined by Friedman test
for the non-normal distributed data. Total type-1 error level
was used as 0.05 for statistical significance. When necessary,
the Bonferroni corrections for pairwise comparisons were
evaluated with the Wilcoxon Test.

3. RESULTS

Based on a 96% power analysis, 19 pregnant women were
included in this study. The average age of the pregnant
women included was 29.31 £ 5.57 and the average height was
162.79 £ 6.3 cm. BMlIs of pregnant women are shown in Table
1. When BMI of pregnant women were evaluated, there was
a significant difference between trimesters (p<0.05, Table
1). According to the Bonferroni correction, there was no
significant difference between average pre-pregnancy BMI
and 1st trimester BMI (p>0.008, Table 1). However, all other
binary comparisons were found to be statistically significant
(p<0.008, Table 1).

Table 1. Body mass index changes of pregnant women

1.trimester

Before Pregnancy

2.trimester

The changes in the static balances of pregnant women
are given in Table 2. No statistically significant difference
was found in the postural stability evaluations of pregnant
women in terms of APSI, MLSI and OSl in all three trimesters
(p>0.05, Table 2). It was found that pregnant women showed
similar postural stability values in all three trimesters.

There was a significant difference between the three
trimesters in terms of the pregnant women’s LOS scores;
(p<0.05, Table 2). According to the binary comparisons,
it was seen that this difference was due to the 1st and 3rd
trimesters. It was found that the LOS score was higher in the
third trimester than in the first trimester. Likewise, although
there was no statistically significant difference, the LOS score
was found to be higher in the 3rd trimester than the 2nd
trimester.

In the mCTSIB evaluation, it was found that in the comparison
of Eyes Open Firm Surface, Eyes Closed Firm Surface, Eyes
Open Foam Surface, Eyes Closed Foam Surface parameters
between trimesters, there was only a difference in the Eyes
Closed Firm Surface parameter and this difference was
due to the difference between the 2nd and 3rd trimesters
(p<0.05, Table 2). Differences between trimesters in other
parameters were not statistically significant (p>0.05, Table
2). It was observed that the amount of sway in Eyes Closed
Firm Surface was greater in the third trimester compared to
the second trimester.

3.trimester

Difference
(0) (1) (3)
0,012' for 1-2
t -
BMI 23,87 24,56 29,39 0.000* g'ggg :z:: g
2 /) /) H
(kg/m?) (22,35 / 25,75) (22,35 / 26,72) (24,36 / 27,48) (27,12 / 32,44) 0,000" for 0-2
0,000% for 0-3
BMI: Body Mass Index, *p<0.001, "New p value with Bonferroni correction p/6=0.05/6=0.008
Table 2. The changes in static balance of pregnant women during three trimesters
1.trimester 2.trimester 3.trimester p Difference
APSI 0,2(0,1/0,2) 0,2(0,1/0,2) 0,2(0,2/0,2) 0.203 -
MLSI 0,1(0,1/0,2) 0,1(0,1/0,1) 0,1(0,1/0,1) 0.807 -
0S| 0,2(0,2/0,3) 0,2(0,2/0,3) 0,2(0,2/0,3) 0.717 -
LOS 49 (37 / 58) 53 (40/68) 63 (45/70) 0.016* 0.008' for 1-3
Eyes Open Firm Surface 0,47 (0,36 / 0,54) 0,47 (0,34 / 0,68) 0,54 (0,43 /0,6) 0.698 -
Eﬂffsaif e 0,55 (0,48 /0,75) 0,55 (0,48 /0,75) 0,79(0,51/131) 0.032* DAL
Eyes Open Foam
Surface 0,99 (0,79/1,16) 0,91 (0,64 / 1,05) 0,87 (0,71/1,16) 0.234 -
Eyes Closed Foam
surface 1,79 (1,6 / 2,04) 1,86 (1,55 / 2,23) 2,09 (1,67 / 2,59) 0.076 -

APSI: Antero-Posterior Stability Index, MLSI: Medio-Lateral Stability Index, OSI: Overall Stabilite Index, LOS: Limit of Stability, *p<0.05, "New p value with

Bonferroni correction p/3=0.05/3=0.016
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4. DISCUSSION

The aim of this longitudinal study was to evaluate pregnant
women in terms of static balance and reveal differences
during three trimesters. Contrary to expectations, it was
seen that there was no significant change in postural stability.
However, as expected, changes were detected in the last
trimester in terms of sway tested in the LOS and in the
mCTSIB.

When literature is examined, several studies evaluating
postural stability during pregnancy were encountered. Ribas
and Guirro stated that even though pregnant women in the
third trimester showed greater AP displacement than those in
thefirst trimester, there was no difference in ML displacement
(12). In the mentioned study, different pregnant women
were evaluated for each trimester and this may have led to
different results from our study. Jang et al. evaluated pregnant
women at 0, 4, 8, 12 weeks and at 6 months postpartum with
the stabilogram diffusion analysis and compared the results
with the control group. They found that postural sway in the
AP direction increased during pregnancy and decreased after
delivery. They also reported that sway in the ML direction
varied little during pregnancy, but it tended to increase after
delivery, and compared to the control group, these values
were higher in pregnant women (2). In their review, Ribeiro
et. al. put forth that postural stability decreased during
pregnancy due to possible reasons such as adaptations
developed in the spine and lower extremities. They stated
that postural stability decreases gradually during pregnancy,
this decrease continues for 6-8 weeks after delivery and
the reduction in postural stability increases the risk of falls
during pregnancy (13). Similar to our study, Mocellin and
Driusso, who evaluated postural stability by assessing the
same pregnant women over three trimesters, stated that
postural control tended to decrease in the first trimester
of pregnancy and decreased further in the third trimester,
however this decrease was not statistically significant (14). In
our study, there was no significant change in postural stability
between the three trimesters. Postural control during
standing involves the integration of sensory information
from the whole body, in particular from mechanoreceptors
on the soles of the feet and from specialized receptors
which code body position and orientation with respect to
the gravitational acceleration, the environment and the
body segments. In other words, it is maintained as a result
of the central control of visual, vestibular and proprioceptive
inputs. Although postural control mechanisms appear to be
unaffected during pregnancy, the increase and asymmetric
distribution of body mass and posterior body tilt observed
during pregnancy may play an important role in modulating
the amplitude and frequency of body sway, reflecting
certain strategies for maintaining upright standing posture
(15). The body of a pregnant woman undergoes significant
biomechanical changes in the sagittal plane, such as the
posterior body tilt. The pregnant woman’s posture adapts
with a slight posterior body tilt to reduce muscular energy
expenditure and maintain AP stability while standing (5, 7).
The increase of mass in the anterior pelvic region in pregnant

women is compensated for with the increase of tonic activity
of ankle plantar flexors and the increase of ankle stiffness
and the duration of body sways increases. Despite the larger
amount of tonic ankle activity, women in the later stages
of pregnancy would possibly compensate for body sways
with modulations of ankle torque at lower frequencies
(15). Furthermore, it is stated that pregnant women try to
maximize their postural stability by adjusting their step width
(14). These mechanisms may explain why postural stability
may not have changed between trimesters in our study.

Our results show that the LOS vary between trimesters.
LOS is defined as the maximum angle a person’s body can
achieve from vertical without losing balance. As a result of
this study, it was observed that the LOS was increased in
the third trimester when comparison to the first trimester.
It should be remembered that a low ‘actual’ score obtained
as a result of the LOS test indicates that the person’s LOS
have decreased. In their study performed to investigate the
effects of a maternal support belt, Elena Bey et. al. compared
the LOS of pregnant women in different trimesters during
pregnancy with and without the belt. Researchers found that
without the maternal support belt, the LOS in the first and
third trimesters was significantly higher in both anterior and
posterior directions than the control group. They stated that
the LOS in the second trimester was slightly lower compared
to other trimesters but did not differ from the controls. They
found that the LOS performance decreased in the early
stages of pregnancy before the body mass had increased.
They explained that factors such as increased anxiety due
to pregnancy could have affected postural stability rather
than body mass (16). Our results may have differed from the
study by Elena Bey et al, due to the fact that they evaluated
different pregnant woman in each trimester. In our study,
the reason for the increase in the LOS value may be due to
the increase in the size of the abdomen of pregnant women,
which enabled them to reach the target points in the test
much more easily with less body movement. Furthermore,
as it is known, CoG moves forward with the increase in the
size of the abdomen. This may have enabled the pregnant
women to have better control on the CoG and move it out of
the base of support.

mCTSIB evaluates standing balance in different situations.
It was seen that during the Eyes Closed Firm Surface test,
which is one of the sub-parameters of mCTSIB, sway was
increased in the third trimester compared to the second
trimester. The main reason for this is the elimination of
visual input. According to the sensory organization theory
first reported by Nasher, the central nervous system
encodes the information provided by visual, vestibular
and somatosensory receptors (17). Although the effects of
the absence of visual input on upright posture control in
normal subjects are controversial, the results of this study
propose that pregnant women tend to compensate for the
lack of vision by increasing the frequency of sway. In the
study carried out by Oliveira et al. healthy pregnant women
were evaluated using a stabilometer during different visual
situations (eyes open/closed) and in different support base
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configuration (feet together/apart). As a result, they found
that postural control changed significantly during pregnancy
when visual input was suppressed, or the support base was
reduced. Therefore, they concluded that the accuracy of
visual information and a comfortable support base could
be critical for preserving balancing ability in the later stages
of pregnancy (15). In their study, Butler et al. measured the
eyes open and eyes closed static balance of pregnant women
in 3 trimesters and compared the results with the control
group. They stated that the second trimester, third trimester
and post-pregnancy values were higher than the control
group. Thus, they found that postural stability decreased
during pregnancy and this decrease continued after delivery.
This study also showed the increasing dependence on visual
input to maintain balance during pregnancy (18). In their
longitudinal study, Opala-Berdzik et al. evaluated pregnant
women in their 1st trimester, 3rd trimester and postpartum.
The authors concluded that static postural stability was not
different between pregnancy and the postpartum period
except AP sway, which was tested eyes-closed. This suggests
that when visual input is eliminated, women in advanced
pregnancy may have reduced static stability compared to
non-pregnant women (5). These studies support our study as
they show that sway is increased in eyes closed conditions.

Although static balance was evaluated in this study, some
studies evaluating dynamic balance in pregnant women
showed similar results with our study stating that stability
indexes remained the same. McCrory et al. found that
there was no difference in timing and magnitude of sway in
response to perturbations in the second trimester, however,
with progression from the second trimester to the third
trimester, it was found that the sway responses decreased
in pregnant women (19). Cakmak et al. found that without
the support belt, there was no difference between trimesters
in terms of OSI, MLSI and APSI, however the fall risk test
scores were higher in the third trimester compared to other
trimester (20). In their study, Inanir et al. reported that there
was no significant difference in terms of OSI, APSI and MLSI
between non-pregnant women and pregnant women in
the first and second trimesters. They stated that pregnant
women in the third trimester had higher OSI, APSI and MLSI
scores than non-pregnant controls (21). The lack of difference
in OSI, APSI and MLSI scores in these studies supports our
study. However, the fact that Cakmak and Inanir evaluated
different pregnant women in each trimester differentiates
these studies from our study.

When literature is examined, there are different studies
providing contradictory results regarding the change of
balance in pregnant women. One reason for this may be that
there are many different test methods used to assess balance
in the clinic. Another reason is that when evaluating between
trimesters, some studies included different pregnant women
for each trimester, while in longitudinal studies the same
pregnant woman were evaluated over three trimesters. The
fact that many anatomical and physiological changes occur
in pregnant women during pregnancy and these changes
are seen in different rates in each pregnant woman may be

another reason explaining the variety of results in the studies.
Additionally, there is no standardization of evaluation time
in these studies. Using different assessment methods at
different time intervals may be among the reasons that can
explain these conflicting results. Although the results of the
studies vary, literature supports the fact that the balance of
pregnant women will quite likely be affected due to many
reasons mentioned above.

5. CONCLUSION

This study was carried out to examine the changes in
static balance in pregnant women during pregnancy. It can
be stated that this study contributes to the literature in
terms of follow-up of the same pregnant woman for three
trimesters and evaluation of static balance with different
sub-parameters. It should be considered that balance
performance during pregnancy may vary depending on
the condition in which it was assessed and the degree of
physical difficulty. This may explain why, in most studies,
there was no difference between trimesters in a moderately-
difficult test performed in a static condition with eyes open.
The assessment of postural balance during pregnancy can
contribute to the development and application of therapeutic
methods to prevent postural instability and falls. Although
there is no consensus in literature regarding how balance
changes in pregnant women, it is highly probable that the
balance of pregnant women will be affected. Pregnant
women should be especially educated against the risk of
falling when in conditions such as darkness where vision is
limited. Therapists should pay attention to changes in the
static and dynamic postural control of pregnant women and
create an exercise program that aims to improve balance by
preventing falls, maintaining muscle strength, and physical
well-being throughout pregnancy. In conclusion, we believe
that multi-faceted evaluation, using different assessment
methods and parameters may be beneficial in evaluating
balance and risk of falls, and these factors should be taken
into consideration when applying clinical postural tests to
pregnant women.
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