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Acute effects of core stability exercises on balance control
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Purpose: The aim of this study was to investigate whether a single bout of core stability exercises improves body balance immedi-
ately after the bout of exercise and during a retention test. Methods: The study involved 16 women (age 22-25 years, body weight 60.5
+ 5.2 kg, height 166 + 5.4 cm). Postural stability was assessed in the mediolateral (ML) and anteroposterior (AP) planes separately on
a force plate (Kistler 9286 AA) during quiet standing on a soft support surface with the eyes closed. Subjects were measured 4 times: just
before (7}), 1 minutes after (7} ,,), 30 minutes after (739 ), and 24 hours after the workout (724 ). Postural balance was evaluated by
five parameters based on the center of pressure (COP) signal: variability (VAR), mean velocity (VEL), sample entropy (ENT), fre-
quency (FRE), and fractal dimension (FRA). Results: We observed a decrease in VAR and VEL in the ML plane at T3q ,, and 754 1,
compared to 7j. The COP entropy significantly increased in the ML plane at T4, compared to 7. Conclusions: A single bout of core
stability exercises improved the control of the mediolateral body balance. This effect was evident within 30 minutes after exercise,
and remained for at least 24 hours. In addition, 24 hours after exercise we observed an increased automaticity in the strategy to

maintain a stable upright stance.
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1. Introduction

Postural control is an integral component of motor
skill and a prerequisite for dexterous coordination
[19]. Adequate balance in the upright stance is essen-
tial for practicing daily activities, enhancing perform-
ance, and preventing injuries in sports. Postural sta-
bility integrates two mechanisms that determine the
processes of balance control, including (1) the ability
to maintain balance, and (2) the efficiency in re-
sponding to destabilizing forces. Both the mainte-
nance and recovery of balance is possible due to the
coordinated work of postural muscles, including the
muscles forming the core, in which the center of grav-
ity of the body’s anatomical position is located [4],
[18]. The core can be described as a muscular cylinder,
with the abdominals in the front, the paraspinal and
gluteal muscles in the back, the diaphragm forming the

roof, and the pelvic floor and hip girdle muscles
forming the floor [1].

The core is important in providing local strength
and balance, and is central to almost all kinetic chains
of daily activities. Kibler et al. [18] defined core sta-
bility as the ability to control the position and motion
of the trunk over the pelvis and legs, which allows
optimal production, transfer, and control of force and
motion to the terminal segment in integrated kinetic
chain activities. Core stability exercises refer to exer-
cises that activate specific motor patterns of the trunk
muscles by challenging spinal stability and trunk pos-
tural control [17]. An interesting question is whether
the stimulation of trunk muscles results in any acute
effects on the ability to maintain balance.

Therefore, the aim of this study was to investigate
whether a single bout of core stability exercises im-
proves body balance immediately after the bout of
exercise and during a retention test.
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2. Materials and methods

Participants

The study involved 16 women who were students
at the University School of Physical Education in
Wroctaw (Poland), who were between the ages of
22-25 years and had an average body weight of 60.5 kg
(£5.2) and a height of 166 cm (£5.4). Inclusion cri-
teria for subjects included a lack of the following:
(1) experience in sports, (2) regular high-intensity
physical activity, (3) experience in performing core
stability exercises, and (4) musculoskeletal and nervous
system disorders. The study was approved by the local
ethics committee and all subjects provided written
informed consent to participate in the study.

Procedure

Postural stability was assessed in four 20-second
trials of quiet standing on a soft support surface (a thick
foam pad placed on a Kistler force plate) with the eyes
closed. The subjects were asked to stand barefoot
while moving as little as possible, with their feet to-
gether and their hands at their sides. A practice run
was allowed prior to the test to ensure that the subjects
felt comfortable in the laboratory area. Each recording
started 10 seconds after the subject was ready for
testing to eliminate possible transients in the COP
data. The sampling frequency was 100 Hz.

Subjects were measured 4 times: just before (7p),
1 minute after (7 ,), 30 min after (730 ), and 24 hours
after the workout (724 1,).

Data analysis

The recorded COP time-series were used to evalu-
ate postural performance and strategies. Specifically,
postural performance was assessed by means of sway
variability (VAR) and mean velocity (VEL), with
lower values of the two latter indices indicating better
performance. Postural strategies were evaluated based
on sway fractal dimension (FRA) and sample entropy
(ENT) which measure COP complexity and irregular-
ity, respectively. Low complexity of the COP may
indicate better postural stability, while high values of
this parameter are interpreted as increased adaptability
of the postural control system to the changing envi-
ronmental demands [5]. Regarding the COP entropy,
its larger values are characteristic for a more irregular
sway which is indicative for a less attention demand-
ing, more automatic or efficient postural control [24].
On the other hand, a less irregular sway (i.e., with lower
entropy) demonstrates larger conscious involvement in

maintaining balance, which implies a lower level of
automaticity [8]. Additionally, the COP mean frequency
(FRE) was computed. Frequency may provide infor-
mation on the relative contribution of the three sen-
sory inputs used in postural control [16].

More technically, sample entropy quantifies con-
ditional probability that a short epoch of data of length
[m] is repeated during the time series within a specific
tolerance [r]. The optimal values of these input pa-
rameters were computed based on the relative error
[20] for all subjects and both planes that resulted in
m =3 and » = 0.02. The fractal dimension of sway was
calculated using custom-written software in Matlab
(Higuchi’s algorithm).

The data were tested for normal distribution and
homogeneity of variances. After log-transformation of
the non-normally distributed data, all dependent variables
were subjected to 2 planes (AP and ML) x 4 times
(BASELINE, 1 min, 30 min, and 24 hours) ANOVA
(Statistica 12.5, StatSoft, USA). Selected pairwise com-
parisons were explored using follow-up analyses (Tu-
key’s test). The level of significance was set at p < 0.05.

Exercise program

Prior to exercise, subjects were instructed how to
obtain a neutral position of the lumbo-pelvic-hip
complex (LPHC), which is necessary in core stability
training. The workout time was 40 min. There is no
single exercise that stimulates all muscles of the core,
and in order to improve core stability, a combination
of exercises is recommended [7].

Those exercises were:

1. Crook lying, feet on the floor: abdominal hollow-
ing for 10 s — 20 repetitions (reps).

2. Crook lying, feet on the floor: abdominal hollow-
ing while bringing the knee to the chest, holding
the position for 3 s, and then lowering the leg
down to the ground — 10 reps on each leg.

3. Crook lying, feet on the floor: lifting the pelvis off
the ground while supporting on feet and shoulders
(bridge); holding position for 10 s — 10 reps.

4. Crook lying, feet on the floor: lifting both legs so
that they form a right angle in the hips and knees;
hands placed on the thighs; pressing the hands on
the thighs and vice versa; holding position for 10 s
— 10 reps.

5. Sit with knees in flexion and feet on the floor:
twist the trunk with both hands touching the floor
(seated twist) — 10 reps on each side.

6. Sit with knees in flexion and feet on the floor,
hands behind the torso resting on the floor: the
knees approach the chest with simultaneous flex-
ion of the elbows, followed by extension of the
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knee joints and a return to the starting position

— 10 reps.

7. Prone position, upper limbs lie on the floor in front
of the head: abdominal hollowing for 10 seconds
— 10 reps.

8. Prone position, upper limbs lie on the floor in
front of the head: simultaneous lifting of the right
arm and shoulder, the left lower limb, and the
head; holding position for 5 s — 10 reps on each
side.

9. Quadruped position: abdominal hollowing for 10 s
— 10 reps.

10. Quadruped position: lifting the right arm so that it

is in the extension of the trunk, then adduction of

the upper limb to the moment when it is perpen-
dicular to the body; return to the starting position

— 10 reps on each side.

Quadruped position: lifting the right arm and the

left lower limb so that they are in the extension of

the trunk; holding position for 3 s — 10 reps on
each side.

12. Forearm “plank” on knees; holding position for 10 s
— 10 reps.

13.Side forearm “plank™ on knees; holding position
for 10 s — 5 reps on each side.

14. Forearm “plank” with straight legs; holding posi-
tion for 10 s — 10 reps.

15.Forearm “plank” with straight legs, then raising
hips so body forms an inverted V and back to the
starting position — 15 reps.

Applied exercises intensively stimulated abdominal
muscles (transversus abdominis, obliques, and rectus
abdominis), erector spinae, quadratus lumborum, and
gluteal muscles, which are the main stabilizers of the
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Fig. 1. Mean values of the COP variability (VAR)
in both planes: ML — mediolateral plane,
AP — anteroposterior plane; vertical bars indicate
the standard deviation; * significant differences
between T and both T3p, (p = 0.04), and 7oy, (p < 0.01)
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spine and are responsible for controlling pelvis and
trunk positioning [22].

3. Results

COP variability (VAR)

There was a main effect of time (F(3,45) = 5.01,
p < 0.01), which reflected a gradual decrease in COP
variability. Post-hoc analysis demonstrated that this
effect took place in the ML plane only showing
decreased variability at T30 ,, (p = 0.04) and at Tp4 1,
(p < 0.01), compared to 7;,. There was also a main
effect of plane (F(1,15) = 60.15, p < 0.01), with
higher variability in the AP plane (Fig. 1).

COP mean velocity (VEL)

There was a main effect of time (F(3,45) = 3.89,
p = 0.02), which indicated decreased COP mean velocity
after the workout. Post-hoc analysis demonstrated that
this effect took place in the ML plane only, showing
decreased variability at 739, (p = 0.02) and at Ty,
(p = 0.03), compared to 7,. There was also a main
effect of plane (F(1,15) = 129.33, p < 0.01), showing
higher velocity in the AP plane (Fig. 2).

COP fractal dimension (FRA)

Core stability exercises did not cause any changes
in the COP fractality over time. Also, there were no
differences in the latter postural sway measures be-
tween the AP and ML planes (Fig. 3).
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Fig. 2. Mean values of the COP mean velocity (VEL)
in both planes: ML — mediolateral plane,
AP — anteroposterior plane; vertical bars indicate
the standard deviation; * significant differences
between T, and both T3¢, (p = 0.02), and 7oy, (p = 0.03)



148 R. SZAFRANIEC et al.

1.6

0.4

0.2

0.0

T0 Tim T30m T24h
EML OApP

Fig. 3. Mean values of the COP fractal dimension (FRA)
in both planes: ML — mediolateral plane, AP — anteroposterior plane;
vertical bars indicate the standard deviation

COP sample entropy (ENT)

There was a main effect of time (F(3,45) = 8.73,
p <0.01), which revealed an increase in sway entropy.
The follow-up analysis established that this increase
took place on the second day only (at 7,44) in the ML
plane (Fig. 4). In contrast to the postural performance
measures, i.e., sway variability and velocity, the COP
entropy did not show any changes at T3¢ ,, which im-
plied some time lag between the improved perform-
ance and the development of postural strategies.

There was a main effect of plane (F(1,15) =21.16,
p < 0.01), showing higher sway entropy in the AP
plane (Fig. 4).

COP frequency (FRE)

There was a main effect of time (F(3,45) = 3.38,
p = 0.03), which indicated increased COP frequency
collapsed over planes. However, post-hoc analysis did
not demonstrate significant differences in the ML and
AP plane, separately. There were no differences in the
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Fig. 4. Mean values of the COP sample entropy (ENT)
in both planes: ML — mediolateral plane, AP — anteroposterior plane;
vertical bars indicate the standard deviation;
* significant difference between 7541, and 7, (p < 0.01)

latter postural sway measures between the AP and ML
planes (Fig. 5).

4. Discussion

The purpose of this paper was to analyze the acute
effects of a single bout of core stability exercises on
the ability to maintain a stable upright stance. Three
findings seem of particular interest. First, a single bout
of core stability exercises affected postural perform-
ance as indicated by reduced sway amplitude and
velocity. These changes may be interpreted as more
precise balance control and less strenuous effort to
maintain upright posture, respectively, and thus sug-
gest apparent improvement in postural control. Sec-
ond, the improvement in postural control after exer-
cise was further corroborated by the increased COP
entropy, which has been shown to mark an increased
automaticity and less attentional involvement in pos-
tural tasks. Interestingly, the gain in sway entropy
came to light only during the last test, being preceded
by the decrease in sway amplitude and velocity that
took place in the T3¢ test. Third, all advantageous
changes in postural control due to core stability exer-
cises were found in the ML plane.

Consequently, the decline in VEL and VAR may
be the result of increased tone of muscles responsible
for core stability. Lower values of the two latter pos-
tural performance measures lasting up to 24 hours
after the applied procedure may justify the usefulness
of core stability exercises in sport training, especially
in disciplines in which the balance of the body is cru-
cial (shooting, archery, figure skating, judo, gymnas-
tics, and many others) and in the rehabilitation of in-
dividuals with impaired balance. To prevent loss of
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Fig. 5. Mean values of the COP frequency (FRE) in both planes:
ML — mediolateral plane, AP — anteroposterior plane;
vertical bars indicate the standard deviation
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balance and potential falls, postural adjustments are
needed to move the center of gravity back over the
base of support. These adjustments in body posture
require core activation to stabilize the lumbar spine [4].
Core stability is a kind of foundation for movements.
In the case of an undisturbed recruitment of the deep
muscles of the trunk, they are activated at the moment
before the planned locomotion activity, creating the
appropriate conditions in the form of a stable body
posture [10], although Allison et al. [2] pointed out
that the transverse abdominal muscle, like other trunk
muscles, acts asymmetrically during single-arm flex-
ion and is clearly directionally specific. Brown [6]
suggested that the optimum stability of the trunk is
achieved by the musculature, providing dynamic con-
straints, and the passive stiffness of intervertebral
joints, spine ligaments, and fascia. Kaji et al. [15]
demonstrated that immediately after short bouts of
core stability exercises, the COP excursion area and
velocity during quiet standing were reduced. It has also
been shown that immediately after core exercise bouts,
performance on the Star Excursion Balance Test was
improved [12]. A likely explanation is that these exer-
cises can improve core proprioceptive ability, which
may lead to improvements in balance control. Some
investigations have shown that 6 to 12 weeks of core
stabilization training improves balance performance in
young, healthy populations [13]. Resistance training,
besides its effect on enhancing muscular strength, also
increases the coordination of synergistic and antago-
nistic muscle activation, thereby improving stability
[4]. The neural adaptations occurring in the early
phase of a resistance training program lead to an im-
proved coordination of the stabilizing muscles.

The selection of a more automatic and less delib-
erate control concurs with research comparing the
effects of augmented versus reduced sensory input on
postural control. For example, standing on a hard sup-
port surface has been shown to increase sway fre-
quency and entropy, compared to standing on a com-
pliant support surface [25]. Similarly, subjects have
higher values of sway frequency and entropy before
whole-body cryotherapy than just after, when cooling
temporarily deteriorates the function of several sen-
sors contributing to balance [9]. Athletes in some
sports have also been shown to have larger sway en-
tropy than sedentary subjects [14]. One more example
is the increased sway complexity after application of
sub-sensory foot sole vibrations [26]. All of these exam-
ples provide support for the notion that the improvement
of sensory input should be considered a primary reason
for developing increased complexity of standing pos-
tural sway dynamics. For instance, increases in COP

complexity after participation in Tai Chi were associ-
ated with improved plantar sensation and physical
function [21].

Based on the results of the present study, we pro-
pose that the enhanced combined proprioceptive infor-
mation regarding the reciprocal position of the trunk
and legs as a sensory modality benefited most from
core stability training and contributed to finer balance
performance. This is in line with Anderson et al. [3],
who suggested that improved core stability allowed
participants to move from a hip to an ankle postural
control strategy, through improved coordination of
muscles involved in balance. This change in strategies
clearly indicates that a postural task that required a hip
strategy prior to exercise, became less challenging
after exercise, as it was executed by a simpler and
more economical ankle strategy. Thus, the improved
trunk stability likely facilitated more skilled motor
control at the ankles, which, in turn, improved the
overall body stability.

Finally, an important finding in this study was the
time course of the two events. The improved perform-
ance was observed at T3y ,, and apparently preceded
changes in postural strategies that were apparent at
To4n. The true value of this delay, which may be sig-
nificantly shorter than 24 hours, remains unknown.
Still, the completion of a higher level of postural per-
formance seems to be necessarily antecedent to the
discernible change in postural strategies. In other words,
the strategy remains unchanged until motor abilities
improve to an acceptable level. This sequence of events
closely resembles a similar situation reported by
Giemza et al. [9], except for the direction of changes
in performance. Whole-body cryotherapy adversely
affected postural performance immediately after the
therapy, while no changes in postural complexity oc-
curred. It was not until at least 80 s later that sway
entropy and frequency decreased as if in response to
some decrease in performance that required changing
strategies, i.e., switching to more conscious and atten-
tion-demanding control.

The latter finding may have important consequences
for the research design and interpretation. In previous
work it has always been implicitly assumed that
changes in performance and strategies take place si-
multaneously. Our data indicate that such assumption
may be false and lead to obvious mistakes in making
related inferences. The results of this study and those
of Giemza et al. [9] tell us that even if changes in
sway entropy and/or frequency in response to some
experimental factors did not occur, there would still
be a chance to detect these changes after a reasonable
amount of time.
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Changes in postural control, due to the perform-
ance of core stability exercises, were limited to the
ML plane, with no effects on balance in the AP plane.
This may be explained by the fact that in the ML
plane the gluteus medius muscles were primarily re-
sponsible for maintaining balance [11], and the mus-
cles of the hip girdle were heavily involved during the
conducted exercises. No effect being observed in the
AP plane may be due to the fact that sagittal balance
is controlled at the ankle joints [11], and the triceps
surae and tibialis anterior muscles were not particu-
larly involved in the exercises. The observed im-
provement in the ML balance control may be particu-
larly interesting in terms of implementation, because
the loss of postural control, as a result of progressive
involutional changes in the aging process, is charac-
terized by the intensity of the body instability in the
frontal plane [23]. Therefore, it seems reasonable to
emphasize the forms of exercise stimulating the bal-
ance control mechanisms, implemented by the ab-
ductor and adductor muscles of the hip joint.

5. Conclusions

A single bout of core stability exercises improved
the control of body balance. This effect was evident
at 30 minutes after exercise, and remained for at least
24 hours. Improvement of postural stability was
related to the frontal plane, which can be explained
by the fact that the balance control in this plane cor-
responded to the hip girdle muscles, which were
significantly involved in the exercise. In addition,
24 hours after exercise we observed an increased
automaticity in the strategy to maintain a stable up-
right stance.
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