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| Abstract |

Purpose: The purpose of this study was to assess the effects of breathing techniques on trunk muscle activity and balance during
Pilates reformer footwork exercises, comparing results both within and between groups before and after the intervention.
Methods: Thirty-one adult women over the age of 20 were selected as subjects for this study. They were divided into a Pilates
breathing group (n = 15) and a general breathing group (n = 16) using a randomized control group study design. A surface
electromyogram was used to measure muscle activity within and between the groups before and after the reformer footwork
exercise. Static balance measurements were taken while standing on two legs, and dynamic balance measurements were taken
while standing on one leg. All measurements were taken three times, and the average values were used for analysis.
Results: The results of the study showed that muscle activity increased with significant differences in the external oblique and
transverse abdominal muscles after exercise in the pre-post comparison within the Pilates breathing group (p < 0.05). In the
between-group comparison, there was a significant difference in the increase in muscle activity of the external oblique and
transverse abdominal muscles in the Pilates breathing group (p < 0.05).

In the pre—post comparison of static and dynamic balance within the Pilates breathing group, there was a significant
increase (p < 0.05) after exercise. The Pilates breathing group also showed a significant increase even in the between-group

comparison (p < 0.05).
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Conclusion: This study confirmed that reformer footwork exercise accompanied by Pilates breathing has positive effects

on muscle activity and static balance ability of trunk muscles in adult women. Therefore, reformer footwork exercise

accompanied by Pilates breathing can be presented as an effective exercise method to increase trunk stability and balance

ability through the simultaneous activity of the trunk muscles.
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Table 1. Pilates breathing

Type of Breathing Related muscles Role of Breathing

. . . Transversus Abdominis, Internal Increases abdominal pressure during exhalation,
Pilates Exhalation Breathing

Oblique, External Oblique enhancing the stability of the spine
Maintains the stability of the torso during
Pilates Inhalation Breathing Diaphragm inhalation and preserves the alignment of
the spine
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Fig. 1. Reformer structure.
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Table 2. Reformer footwork excercise

Contents Exercise Resistance Time/Set
Two foot on board Red 1, Blue 1, Yellow 1 10/4
Foot work One foot on board (L) Red 1 1072
One foot on board (R) Red 1 1072
L: left, R: right

Start position

Fig. 2. Reformer footwork exercise motion.
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BRI

Fig. 3. Noraxon telemyo 2400 system.

Fig. 4. Adhesive positions of surface EMG electrodes.

Table 3. The placement of surface EMG electrodes

Muscle Placement
Rectus abdominis between the umbilicus and pubis, midway muscle belly
External oblique 15cm lateral to the umbilicus

Internal oblique  midway between the anterior superior iliac spine and symphysis pubis, above the inguinal ligament

Transvers abdominis 2cm medial and caudal to the anterior superior iliac spine
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Static balance

Dynamic balance

Fig. 6. Measurement of static and dynamic balance.
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(n=31)

PB (n=15) GB (n=16)

Gender(male/female) 0/15(0%/100%) 0/16(0%/100%)
Age (years) 31.87+6.36 31.88+8.11°
Height (cm) 162.23+4.15 162.17+4.17
Weight (kg) 51.06+5.02 52.83+5.05

PB: pilates breathing, GB: general breathing
"Mean+SD,
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breathing group

Table 5. Comparison of trunk muscle activity prior to and after exercise within the pilates
(unit: %RVC)

Variables Muscle Pre Exercise Post Exercise t P
RA 410.79+48.72° 563.69+92.95" -1.96 0.70

B EO 1227.64+149.08 1657.22+200.29 -3.17 0.01°

10 485.70+77.44 757.00+137.97 -2.01 0.44

TRA 1493.21+285.17 1954.79+262.41 -2.66 0.08"

PB: pilates breathing, RA: rectus abdominis muscle, EO: external oblique muscle, 10: internal oblique muscle,

TRA: transverse abdominis muscle
*p<0.05, "Mean+SE

Table 6. Comparison of trunk muscle activity prior to and after exercise within the general breathing group
(unit: %RVC)

Variables Muscle Pre Exercise Post Exercise t P
RA 171.41£24.65° 190.09+44.67" -0.62 0.54

GB EO 281.22+304.15 348.68+370.62 -1.56 0.14
10 167.90+19.43 196.53+35.56 -1.42 0.17

TRA 280.96+39.79 312.98+42.00 -1.46 0.16

GB: general breathing, RA: rectus abdominis muscle, EO: external oblique muscle, 10: internal oblique muscle,

TRA: transverse abdominis muscle
*p<0.05, "Mean+SE

Table 7. Comparison of quantity of changes in the trunk muscle activity prior to and after exercise between the two
(unit: %RVC)

groups

Muscle PB GB t p
RA 152.90+77.98 18.69+29.74 1.64 0.11
EO 429.57+135.53 67.45+43 .32 2.61 0.01"
10 271.29+122.89 28.62+20.19 2.01 0.54
TRA 461.58+173.18 32.02421.84 2.54 0.02"

PB: pilates breathing, GB: general breathing, RA: rectus abdominis muscle, EO: external oblique muscle,
10: internal oblique muscle, TRA: transverse abdominis muscle
*p<0.05, fMean+SE
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Table 8. Comparison of the static and dynamic balance surface area ellipse prior to and after exercise within the

group for the pilates breathing and general breathing groups (unit: mm?)
Variables Pre Exercise Post Exercise t p
PB 112.51+12.14° 65.44+10.80 3.46 0.00"
TLS(SB)
GB 120.35+11.12 113.20+16.28 0.83 0.41
PB 515.29+35.18 332.714+45.33 4.32 0.00"
OLS(DB)
GB 504.21£26.25 454.56+32.69 1.75 0.10

TLS: two leg standing, OLS: one leg standing, SB: static balance, DB: dynamic balance, PB: pilates breathing,

GB: general breathing
#p<0.05, "Mean+SE

Table 9. Comparison of the quantity of changes in the static and dynamic balance surface area ellipse between

the two groups (unit: mm?)
Variables PB GB t )4
TLS(SB) Post - Pre -47.07+13.57" -7.15+8.54 252 0.02"
OLS(DB) Post - Pre -182.57+42.22 -49.64+28.37 2.64 0.01"

TLS: two leg standing, OLS: one leg standing, SB: static balance, DB: dynamic balance, PB: pilates breathing,

GB: general breathing
#p<0.05, "Mean+SE
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