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| Abstract |

PURPOSE: This study compared the effects of Pilates-
and Swiss ball-based trunk stabilization exercises on the
balance ability and Center of Pressure (CoP) sway in chronic
stroke patients.

METHODS: Thirty-one patients were assigned randomly
to a Pilates group (n= 15) or a Swiss ball group (n = 16). Both
groups trained three times per week for eight weeks, and
all participants received concurrent neurorehabilitation.
Balance was evaluated using the Berg Balance Scale

(BBS) and CoP parameters (anteroposterior, mediolateral,
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total path length, and sway velocity) measured with the
Balancia system. Data were analyzed using two-way
repeated-measures ANOVA with Bonferroni correction
(a=.05).

RESULTS: Both groups showed significant time effects
in all CoP parameters and BBS scores (p <.05). The CoP
sway distance and velocity decreased, and the BBS scores
improved from 43.0 + 7.2 t0 49.15 £ 5.34 in the Pilates group
and from 44.83 + 6.64 to 50.92 + 4.72 in the Swiss ball
group. No significant group-by-time interaction was found
(p>.05).

CONCLUSION: Pilates and Swiss ball exercises
enhanced the postural stability and balance by reducing CoP
sway and improving the functional performance. Pilates-
based training can serve as an effective alternative or
complementary approach to Swiss ball exercises in stroke

rehabilitation.
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Table 1. Pilates-Based Exercises

Pelvic curl

Starting position: The subject lies supine with the knees bent and the feet placed
flat on the mat, hip-width apart. The arms rest alongside the body with the palms
facing downward. The pelvis is maintained in a neutral position while the neck,
shoulders, and lower back muscles are relaxed.

Expiration: The abdomen is gently drawn in, and the pelvis, lumbar spine, and
thoracic spine are sequentially lifted off the mat.

Inspiration: The trunk is raised slightly higher to align the shoulders, pelvis, and
knees in a straight line.

Expiration: The spine is slowly lowered back down segment by segment, returning
to the starting position.

Chest lift

Starting position: The subject lies supine with the knees bent and the feet fixed
on the mat. The hands are clasped behind the head with the elbows pointing outward.
The chin is slightly tucked toward the chest.

Expiration: The head and thorax are lifted until the scapulae are raised off the mat,
while the lumbar spine remains in contact with the mat. The abdomen is drawn
in to form a curve of the upper trunk.

Inspiration: The position is held briefly.

Expiration: The trunk and head are slowly lowered back to the starting position.

Spine twist supine

Starting position: The subject lies supine with the hips and knees flexed at 90°.
The knees are positioned above the pelvis, and the shanks are kept parallel to the
mat. The arms are extended laterally with the palms facing downward.
Expiration: The abdomen is contracted to induce a slight posterior pelvic tilt while
the thighs are gently adducted.

Inspiration: The pelvis and knees move together as a single unit, rotating the lower
extremities to one side.

Expiration: The legs are returned to the center.

Inspiration: The same rotation is performed to the opposite side.

Expiration: The legs are brought back to the center position.

Leg lift supine

Starting position: The subject lies supine with the knees flexed so that the shanks
form a right angle with the thighs. The feet are placed flat on the mat, hip-width
apart.

Expiration: One leg is lifted until the knee is positioned above the hip, with the
thigh maintained perpendicular to the mat and the knee flexed at 90°.
Inspiration: The leg is lowered until the toes lightly touch the mat while maintaining
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the knee angle. The movement is repeated with the same leg and then performed
with the opposite leg.

Roll up

Starting position: The subject lies supine with the legs extended together and the
toes pointed upward. The arms are stretched overhead with the palms facing upward.
Inspiration: The abdomen is contracted while the head and shoulders are lifted.
The arms are raised toward the ceiling, the chin is gently tucked toward the chest,
and the ankles are dorsiflexed.

Expiration: The trunk is rolled upward, passing through a seated position, and then
flexed forward over the legs so that the fingertips reach toward the toes. If flexibility
allows, the palms touch the sides of the feet or the mat.

Inspiration: The body begins to roll backward once the sacrum contacts the mat.
Expiration: The trunk is slowly lowered, and the arms are extended overhead to
return to the starting position.

Shoulder bridge

Starting position: The subject lies supine with the knees bent and the feet placed
on the mat. The arms rest alongside the body with the palms facing downward.
The pelvis is lifted, and the hands are placed at the lower back with the fingers
pointing inward to provide support. One leg is then drawn toward the chest and
extended vertically upward.

Expiration: The extended leg is lowered toward the mat.

Inspiration: The leg is raised back to a vertical position. The same movement is
performed with the opposite leg, and the pelvis is then lowered to return to the
starting position.
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Side leg kick

Starting position: The subject lies on the side with the legs positioned slightly forward
of the trunk and the toes pointed. The elbow is flexed with the hand placed behind
the head, and the head is slightly lifted from the mat.

Inspiration: The upper leg is moved smoothly forward in a gentle kicking motion.
Expiration: The same leg is extended smoothly backward.

The movement is then repeated on the opposite side.

Table 2. Swiss Ball-Based Exercises

Draw-in

Starting position: The subject lies comfortably in a supine position with the knees
slightly flexed and the head supported by a pillow. The therapist places a hand
on the subject's abdomen to monitor breathing and muscle tension. The shoulders
and neck remain relaxed, and the whole body is kept at ease.

Movement: During expiration, the navel is gently drawn inward toward the spine,
contracting the abdominal wall. The lumbar spine and pelvis remain stable, while
only the deep abdominal muscle (transversus abdominis) is softly activated.

Bridge Exercise

Starting position: The subject lies supine on the mat with the knees flexed and
the soles of the feet firmly placed on the floor, approximately shoulder-width apart.
The arms rest alongside the body with the palms on the floor. The shoulders and
neck are kept relaxed.

Movement: During expiration, the abdomen is drawn in while the hips and lower
back are slowly lifted. The shoulders, hips, and knees are aligned in a straight
line. The position is maintained for 3-5 seconds while feeling the contraction of
the gluteal and hamstring muscles. During inspiration, the hips are slowly lowered
to return to the starting position.
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Trunk Flexion and Lateral Flexion

Starting position: The subject lies comfortably in a supine position with the knees
slightly flexed and supported by a pillow or cushion for stability. The therapist
gently supports the pelvis and shoulders.

Trunk flexion: During expiration, the subject slightly flexes the upper trunk forward
while contracting the abdominal muscles, allowing the trunk to curl forward.
Lateral flexion: During expiration, the subject bends the trunk to one side, maintaining
a stretch sensation in the lumbar and lateral trunk muscles.

Pelvic Uprighting in Sitting Position

Starting position: The subject sits on a flat mat with the knees and feet positioned
shoulder-width apart to maintain stability. The therapist provides support from the
side to assist with balance.

Expiration: The abdomen is gently drawn in while the posteriorly tilted pelvis is
brought to an upright position, straightening the lumbar spine. The shoulders remain
relaxed, and the gaze is directed forward.

Hold: The upright sitting posture is maintained for 3-5 seconds while engaging
the trunk muscles.

Inspiration: The tension is released, and the subject slowly returns to the relaxed
starting position.

Trunk Flexion and Extension Using a Ball

Starting position: The subject lies supine on a mat with the legs placed on top
of a ball, maintaining alignment of the hips and knees. The arms rest alongside
the body with the palms facing downward. The therapist provides support to stabilize
the ball and legs.

Flexion (ball pulling): During expiration, the knees are flexed to roll the ball toward
the body while contracting the abdomen, allowing a slight posterior pelvic movement.
Extension (ball pushing): During inspiration, the knees are extended to roll the
ball away from the body, ensuring that the lumbar spine and pelvis remain in
contact with the mat.

Pelvic Uprighting on a Swiss Ball

Starting position: With the assistance of a therapist, the subject sits on a Swiss
ball. The feet are placed firmly on the floor at shoulder-width apart. The hands
are rested on the knees or supported by the therapist to maintain balance. The
lumbar spine and shoulders remain relaxed in a comfortable sitting position.
Expiration: The abdomen is gently drawn in while the pelvis is uprighted to extend
the lumbar spine. The gaze is directed forward, and the shoulders remain relaxed.
Hold: The correct upright sitting posture is maintained for 3-5 seconds.
Inspiration: Abdominal tension is released, and the subject returns to the initial
relaxed sitting position.
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sway.

Bouncing for Balance on a Swiss Ball

Starting position: The subject sits on a Swiss ball with the feet fixed on the floor.
The therapist supports the subject's trunk and shoulders to ensure safety. The spine
is kept upright, and the trunk remains relaxed.

Movement (gentle bouncing): While breathing naturally, the subject gently presses
the hips into the ball and releases, creating small bouncing movements. The trunk
is maintained in an upright position, and the pelvis is stabilized to avoid lateral

Balance maintenance: During bouncing, the abdominal muscles are engaged to keep
the upper body steady and prevent excessive movement.

manner.

Moving the Paretic Arm Forward, Backward, and Sideways with a Ball

Starting position: The subject sits upright on a mat with the feet placed firmly
on the floor. The paretic arm is positioned on top of a Swiss ball. The therapist
provides lateral support to the trunk and shoulder to help maintain balance.
Forward movement: The paretic arm is extended to slowly roll the ball forward
while contracting the abdomen to prevent the trunk from following the motion.
Backward movement: The ball is rolled slowly back toward the body, returning
to the starting position.

Side movement: The ball is rolled to the side to stimulate the paretic shoulder
and lateral trunk muscles.

The forward, backward, and lateral movements are repeated alternately in the same
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Table 3. General characteristics of the subjects

PTSG (n = 15) STSG (n = 16) Xt p
Age 74.69 + 4.63 73.00 £ 3.13 1.060 290
Gender (male/female) 7/8 8/8 2910 .830
Affected side (Left/Right) 8/7 97 -.630 .530
Onset (month) 3480 + 11.79 3430 + 13.73 -2.200 .820
Height (cm) 16820 + 7.34 161.90 + 5.62 .800
weight (kg) 64.10 + 8.50 5420 + 7.77 2.120 .680
Berg balance scale (score) 43.00 £ 7.20 4483 + 6.64 -.660 510

PTSG: Pilates-based Trunk Stabilization Group, STSG: Swiss Ball-based Trunk Stabilization Group, Mean + SD: mean + standard deviation

Table 4. Changes in the center of pressure displacement with their eyes open

(unit: cm, cm/sec)

Baseline Post-4 Weeks Post-8 Weeks F p post hoc
PTSG 4394 + 921 34.86 + 5.77 2992 + 522 7.200 001" A>B>C
MLCoPO -
STSG 38.00 = 13.25 3129 + 7.37 26.90 + 6.19 26.000 .001 A>B>C
p 210 .190 .200
PTSG 51.51 + 13.37 3633 + 11.58 27.26 + 598 23.880 001" A>B>C
APCoPO *
STSG 43.56 + 17.10 34.40 £ 13.50 27.76 £ 6.03 7.470 .001 A>B>C
p 210 .700 .840
CoPO PTSG 7520 £ 15.40 56.22 £ 12.08 4544 + 734 7.540 001" A>B>C
TCoP
STSG 64.05 + 22.90 51.85 + 15.37 4274 + 8.92 1.240 001" A>B>C
p 510 450 .390
PTSG 3.87 + .92 3.51 .73 2.84 + 57 53.070 001" A>B>C
MCoPO -
STSG 343 + .92 3.20 + .86 3.05 £ .51 2.940 012 A>B>C
p 240 .340 .350

PTSG: Pilates-based Trunk Stabilization Group, STSG: Swiss Ball-based Trunk Stabilization Group, Mean + SD: mean + standard deviation,
MLCoPO: Mediolateral center of pressure displacement with eyes open, APCoPO: Anterioposterior center of pressure displacement with
eyes open, TCoPO: Total center of pressure displacement with eyes open, MCoPO: Mean center of pressure displacement velocity with

eyes open, A: Baseline, B: Post-4 Weeks, C: Post-8 Weeks, *p < .05.
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Table 5. Changes in the center of pressure displacement with their eyes closed

(unit: cm, cm/sec)

Baseline Post-4 Weeks Post-8 Weeks F p post hoc
PTSG 4225 + 11.56 33.87 + 6.73 28.88 + 5.87 52.030 .001* A>B>C
MLCoPC
STSG 4542 £ 991 36.62 + 5.95 31.93 + 5.04 75.440 .001* A>B>C
p .500 .290 170
APCoPC PTSG 52.65 + 23.87 43.54 £+ 16.71 28.89 + 5.87 3.050 .001* A>B>C
o
STSG 53.64 + 24.08 45.16 = 17.87 31.93 + 5.04 6.660 .001* A>B>C
P 920 .820 740
TCOPC PTSG 75.29 + 26.30 61.28 + 16.93 50.79 + 13.26 3.030 .001* A>B>C
o
STSG 78.26 + 24.80 64.57 £ 17.46 55.06 + 12.19 9.870 .001* A>B>C
p 780 640 410
PTSG 4.67 £ 1.19 4.03 £ 1.21 3.39 + 88 22.620 .001* A>B>C
MCoPC
STSG 438 + 1.17 425 £ 1.26 3.67 + .81 17.970 .010* A>B>C
p .540 .670 410

PTSG: Pilates-based Trunk Stabilization Group, STSG: Swiss Ball-based Trunk Stabilization Group, Mean + SD: mean + standard deviation,
MLCoPC: Mediolateral center of pressure displacement with eyes closed, APCoPC: Anterioposterior center of pressure displacement with
eyes closed, TCoPC: Total center of pressure displacement with eyes closed, MCoPC: Mean center of pressure displacement velocity
with eyes closed, A: Baseline, B: Post-4 Weeks, C: Post-8 Weeks, * p < .05

Table 6. Changes in Berg balance scale(BBS) score (unit: score)
Baseline Post-4 Weeks Post-8 Weeks F p post hoc
PTSG 43.00 £ 7.20 47.00 + 6.14 49.15 £ 5.34 22.970 .001° C>B>A
STSG 4483 + 6.64 48.75 £ 5.29 50.92 + 4.72 24.810 .001° C>B>A
p 510 450 .390

PTSG: Pilates-based Trunk Stabilization Group, STSG: Swiss Ball-based Trunk Stabilization Group, Mean + SD: mean =+ standard deviation,

A: Baseline, B: Post-4 Weeks, C: Post-8 Weeks, * p < .05
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