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Abstract. [Purpose] The purpose of this study was to elucidate changes in balance strategy during pregnan-
cy from a kinematics perspective. [Subjects] Eight pregnant women and eight non-pregnant women participated. 
[Methods] A 3D motion analysis system, two force plates, and 10 infrared cameras were used to measure the kine-
matics of the balance strategy. The 3D motion analysis system was used to analyze performance of the functional 
reach test (FRT). Parameters were compared between non-pregnant women and pregnant women during each tri-
mester, and between pregnant women in the second and third trimesters. [Results] The FRT of pregnant women was 
shorter than that of non-pregnant women. Bilateral hip joint extension moments were smaller in pregnant women 
in the second and third trimesters compared to non-pregnant women. Bilateral ankle plantar flexion moments were 
larger in pregnant women in their third trimester compared to non-pregnant women. In pregnant women, the right 
ankle plantar flexion moment was larger in the third trimester than in the second trimester. [Conclusion] These re-
sults suggest that forward reach distance is reduced, and that the ankle joint strategy takes precedence over the hip 
joint strategy in maintaining balance during pregnancy compared to non-pregnancy.
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INTRODUCTION

The center of gravity of pregnant women is displaced 
anteriorally and superiorally, compared to non-pregnant 
women1). Furthermore, changes are seen in body shape2). 
Because the volume of the lower trunk increases structur-
ally, it becomes unstable. Nagai et al. reported that the 
postural sway of anterior-posterior movements increased 
during pregnancy because of the increase in the abdominal 
circumference3).

Previous studies have shown that the resulting kinematic 
changes cause an increase in the load on the musculoskeletal 
system during pregnancy4–6). A study that compared the 
muscle strength of pregnant women in their first and second 
trimesters versus that of non-pregnant women found a de-
crease in the strength of the back muscles and quadriceps of 
pregnant women7). From the perspective of the musculoskel-
etal system, it can be readily seen how movement becomes 
difficult and balance function declines in pregnant women. 
It is manifested by a decrease in the muscle strength of the 

trunk and leg muscles that have to support the increased 
body weight.

Balance function is an important factor for determining 
stability when standing and walking. Balance function is the 
ability to maintain balance by keeping the center of grav-
ity within the base of support or restoring it to that position 
under the force of gravity8). When maintaining a standing 
posture, the ankle joint strategy, hip joint strategy, and step 
strategy are the three movement strategies used to counter 
anterior-posterior translational motion9). As the base of 
support shifts from the center outwards, control becomes 
primarily maintained through the ankle joint, hip joint, and 
step strategies10). The center of gravity undergoes anterior 
and superior displacement during pregnancy, and it is pos-
sible that the trunk tends toward extension. Thus, the balance 
strategy is expected to change during pregnancy.

The decline in static and dynamic balance ability experi-
enced during pregnancy may cause pregnant women to fall 
when performing ADL. A United States study found that ap-
proximately 26% of employed pregnant women fell during 
their pregnancies, a ratio that nearly matches that of falls by 
elderly people aged ≥65 years11–13). Dunning et al. reported 
that most falls occur during the second trimester11). These 
studies reported that physical changes during pregnancy are 
associated with a stronger predisposition to falls. Falls during 
pregnancy account for 17–39% of all trauma-related injuries 
to pregnant women requiring treatment.Furthermore, serious 
falls in which balance was lost account for 3–7% of fetal 
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deaths14, 15). These statistics also illustrate the importance of 
fall prevention during pregnancy.

Quantitatively expressing changes in balance during 
pregnancy compared to non-pregnant women may provide 
insight into fall prevention for pregnant women performing 
activities of daily living. The purpose of this study was to 
analyze and clarify by kinetics the joint moment changes 
that affect balance during pregnancy.

SUBJECTS AND METHODS

The study subjects were comprised eight pregnant women 
in their second trimester (mean gestation: 35.1 ± 1.4 weeks) 
and eight non-pregnant women (Table 1). The pregnant 
women were followed throughout their third trimester. The 
inclusion criteria were a healthy woman in her twenties or 
thirties. The exclusion criteria were a significant medical his-
tory relating to the legs or lower back, and women pregnant 
with a multiple gestation or gestational diabetes. Consent 
was obtained from all subjects after they had been given oral 
and written explanations of the study’s purpose and methods. 
Confidentiality of personal information was guaranteed. To 
ensure the physical health of the mother and fetus, a midwife 
checked vital signs, fetal heartbeat, and abdominal tension 
in pregnant subjects before and after the measurements. The 
measurement protocol was approved by the Ethics Commit-
tee of the International University of Health and Welfare 
(approval no. 11P-11).

A Vicon Nexus 3D motion analysis system (Vicon Peak 
Oxford, UK), two force plates (AMTI MA, USA), and 10 
infrared cameras (sampling frequency: 120 Hz) was used 
to measure the kinematics of the balance strategy. Infrared 
reflective markers 25 mm in diameter were placed on 15 po-
sitions on the right and left side of the body (at each acromial 
process, each lateral epicondyle, each ulnar styloid process, 
1/3 of the distance below each line joining the greater tro-
chanter and the anterior superior iliac spine, each midpoint 
of the antero-posterior knee joint diameter at the mid-patella 
excluding the thickness of the patella, each lateral malleolus 
of the fibula, the metatarsophalangeal joint of both fifth 
metatarsal bones, and a dummy marker at the inferior angle 
of the right scapula). These locations are recommended 
for measurements by the Clinical Gait Analysis Forum of 
Japan16).

The functional reach test (FRT) was performed to assess 
static balance. The FRT is a standing balance test that in-
volves a simple movement, and it has both high reliability 
and validity17, 18). The initial foot position for the FRT was a 
barefoot static standing posture on the force plates. Subjects 
were instructed to maintain a standing posture with their feet 
shoulder-width apart, with both arms hanging down at their 
sides, and their eyes focused horizontally forward. From 
this static standing posture, they then lifted their right arm 
forward to 90 degrees, and from that position reached as far 
forward as possible without losing their balance. At their 
own pace, they returned their arm back to the initial position 
and returned to the static standing posture. The FRT was 
repeated three times. In order to assess temporal changes in 
balance strategy, the pregnant women were tested one time 
during both the second trimester and the third trimesters.

The measurement items were: the maximum FRT dis-
tance (FRT max), the leg joint moments (hip, knee, and 
ankle) at FRT max, the ground reaction force (GRF) of the 
legs (vertical and anterior) at FRT max, the anterior center 
of pressure (COP) displacement at FRT max, and the leg and 
trunk angles in the sagittal plane at FRT max. Each value 
was measured three times and the means were calculated. 
FRT max was the maximum anterior displacement of the 
right wrist marker from the origin, with the origin being the 
position of the right wrist marker with the right arm raised 
to 90 degrees in the static standing posture. Anterior COP 
displacement at FRT max was calculated as the distance of 
anterior COP displacement from the anterior displacement 
coordinates of the right and left ankle markers. In order to 
compare joint moments of subjects of varying heights and 
weights, joint moment was normalized using the product 
of height and current weight for non-pregnant subjects or 
pre-pregnancy weight for pregnant subjects19). FRF was 
similarly normalized using pre-pregnancy weight20).

The hip joint angle was defined as the angle of the femur 
relative to the vertical axis, the knee joint angle was defined 
as the angle between the femur and the tibia, and the ankle 
joint angle was defined as the angle between the tibia and the 
foot. Flexion and dorsiflexion were positive for all angles. 
The anterior-posterior angle of the trunk was expressed as 
the angle relative to the vertical axis of the line joining the 
midpoint between the right and left acromial processes and 
the midpoint between the right and left hip joints21).

SPSS 13.0 J software was used for statistical analyses. 
The F-test was used to evaluate the homogeneity of the vari-
ance of between non-pregnant women and pregnant women 
in each trimester. The Mann-Whitney U test was performed 
to compare parameters between the non-pregnant women 
and the pregnant women in each trimester (p< 0.05). To ex-
amine the difference in balance strategy based on gestational 
weeks, the Wilcoxon signed-rank test was conducted to 
compare differences in each parameter between the second 
trimester and the third trimester (p < 0.05).

RESULTS

FRT max was significantly smaller in pregnant women in 
their second and third trimesters compared to non-pregnant 
women. Hip joint extension, knee joint flexion, and ankle 
plantar flexion moments were generated in both legs at FRT 
max. At FRT max, both hip joint extension moments were 
smaller and the left ankle plantar flexion moment was larger 
in pregnant women in their second trimester compared to 
non-pregnant women. In addition, both hip extension mo-

Table 1. Subject characteristics

Non-pregnant Pregnant
Age (yrs) 21.3 ±0.9 28.3±3.4
Height (cm) 160.9 ±4.9 159.4±5.3
Weight (kg) 50.0 ±3.6 pre-pregnancy 52.4±4.5

2nd trimester 53.3±5.4
3rd trimester 55.8±5.3
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ments were smaller and both ankle plantar flexion moments 
were larger in pregnant women in their third trimester com-
pared to non-pregnant women.

At FRT max, the posterior FRF of the right leg was 
smaller and the vertical FRF of the left leg was larger in 
pregnant women in their second trimester compared to non-
pregnant women. In addition, the posterior FRF of the right 
leg was smaller and the vertical FRF of both legs were larger 
in pregnant women in their third trimester compared to non-
pregnant women. At FRT max, anterior COP displacement 
of the left leg was smaller in pregnant women in both their 
second and third trimesters compared to non-pregnant 
women. In the static standing posture, the knee joint of all 
subjects showed hyperextension; the hip joint also showed 
extension in the vertical axis. When comparing leg and trunk 
angles in the sagittal plane at FRT max, both hip joint exten-
sion angles and left knee joint extension angle were larger, 
and both ankle plantar flexion angles and trunk flexion angle 
were smaller in pregnant women in their second trimester 
compared to non-pregnant women. In addition, both hip joint 
extension angles were larger and both ankle dorsiflexion 
angles and trunk flexion angle were smaller in the pregnant 
women in their third trimester compared to non-pregnant 
women. No other significant differences in parameters were 
found between the groups.

In pregnant women, the right ankle plantar flexion mo-
ment was significantly larger in the third trimester than it 
was in the second trimester. The posterior FRF and vertical 
FRF of the right leg were larger in the third trimester than 
they were in the second trimester. The right ankle joint dor-
siflexion angle, the left knee joint extension angle, and the 
trunk flexion angle were all smaller in the third trimester. 
No other significant differences in parameters were found 
between the two groups (Table 2).

DISCUSSION

The results of the FRT suggest that pregnant women have 
difficulty reaching forward. Regarding ADL, Kanto et al. 
reported that 10% of pregnant women in the 16th week of 
pregnancy and onward have difficulty hanging laundry on 
a clothesline, an action that requires frequent anterior and 
superior reaching movemenst22). Jonsson et al. found that 
forward movement of the trunk influences FRT distance 
more strongly than COP displacement23). The center of 
gravity undergoes anterior and superior displacement during 
pregnancy, compared to non-pregnancy1). It is possible that 
the trunk extends in order to maintain balance; thus, result-
ing in a reduction in flexion as well as the functional reach 
distance. The joint moment results suggest that when preg-
nant women reach forward, they use their hip joint extensors 
less and their ankle plantar flexion muscles more. Regarding 
FRF, the posterior FRF of the right leg was smaller in the 
pregnant women in both their second and third trimesters 
compared to non-pregnant women. In addition, the vertical 
FRF of the left leg was larger during the second trimester 
and was larger for both legs during the third trimester. The 
increase in vertical FRF in pregnancy suggests the influence 
of the body mass of the pregnant women.

Comparing leg angles showed that the right and left hip 

joint extension angles were larger and the trunk flexion 
angle smaller in the pregnant women in their second and 
third trimesters compared to non-pregnant women. This 
phenomenon shows that hyperextension of the knee angle 
increased during FRT, and that the hip also became extend-
ed. This finding reveals that pregnant women position their 
hip joints further forwards when performing the FRT than 
non-pregnant women. The reason for the decrease in right 
and left hip joint extension moment during pregnancy may 
be a decrease in anterior COP displacement combined with 
a reduction in the lever arm distance of the FRF vector with 
the hip joints. However, the ankle plantar flexion moment in-
creases during pregnancy, despite the fact that the lever arm 
distance of the FRF vector with the ankle joints becomes 
shorter due to the decrease in anterior COP displacement and 
posterior FRF. This may be caused by the increased vertical 
FRF of the left leg in the second trimester and of both legs in 
the third trimester. When pregnant women reached forward, 
the trunk flexion angle was smaller, resulting in less anterior 
displacement of the center of gravity. This suggests that they 
favored an ankle joint strategy for maintaining balance. If 
pregnant women are unable to apply a hip joint strategy, 
they may experience difficulty controlling movement during 
abrupt positional changes, large-scale wobbling, or when 
walking on uneven surfaces. This may be one factor causing 
an increase in falls during pregnancy. In the third trimester, 
the right ankle plantar flexion moment and posterior FRF 
and vertical FRF of the right leg all increased. This sug-
gests that pregnant women in their third trimester control 
movement through greater use of their right ankle plantar 
flexion muscles. The increase in right ankle plantar flexion 
moment in the third trimester may be a result of the increase 
in vertical FRF caused by a decrease in the lever arm of the 
FRF vector and the ankle joint from the increase in posterior 
FRF. As their pregnancy advances, women may rely more 
heavily on the ankle joint strategy for movements that cause 
an anterior displacement of their center of gravity. Reliance 
on the ankle joint strategy indicates that they would have 
difficulty controlling movement as the base of support shifts 
from the center outwards10). This suggests that pregnant 
women may have difficulty controlling anterior displace-
ment of the center of gravity. In this study, we clarified 
the changes in movement strategy during pregnancy from 
a kinematics perspective. The results suggest that forward 
reach distance is reduced and that the ankle joint strategy 
takes precedence in maintaining balance during pregnancy 
compared to non-pregnancy. The significance of these find-
ings for pregnancy is that we can educate pregnant women 
regarding the fact that balance ability decreases from the 
second trimester to the third trimester, and propose areas 
that need to be strengthened for fall prevention. Controlling 
movement by relying on the ankle joint strategy means that 
pregnant women require more mobility in their ankle joints 
and need to maintain more muscle mass in their ankles.

A limitation of this study was the unavoidable inconsis-
tency in subjects’ age. Further studies are needed to analyze 
how falls relate to balance ability and changes in strategy, 
and to examine changes in movement strategy in the post-
partum period.
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