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PURPOSE This study investigated the differences in plantar pressure distribution
when using three breathing techniques during heel raises. METHODS The subjects

were 29 professional dancers aged 20 to 30 years with more than 10 years of
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experience. Pressure distribution according to breathing method during heel raise
was measured for 10 seconds while controlling the raise speed and gaze. The three
breathing techniques were randomly ordered. Peak pressure, contact area and

time, displacement, and absolute velocity of the center of pressure trajectory were
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measured using Emed®-le from Novel GMBH. Plantar pressure was analyzed by
dividing it into a total of 12 areas (masks): five toes, five metatarsals, the midfoot,
and the hindfoot. RESULTS Using the teeth occlusion breathing technique, the peak
pressure on the first metatarsal was significantly reduced, the contact time of the

pressure second metatarsal was significantly longer, and the displacement of the center of
pressure trajectory was significantly shorter. Additionally, during the phase of the
forefoot retainer, the velocity of the center of pressure trajectory was significantly
reduced. CONCLUSIONS The teeth occlusion technique reduces peak pressure,
increases contact time and area, and decreases the displacement and velocity of the
center of pressure trajectory, demonstrating an efficient method for maintaining
balance in ballet movements. This technique can potentially enhance stability and
prevent injuries in ballet dancers.
PR F2 AA 1A AAR 22 FA S A 5, ol AAY A
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Table 1. Physical characteristics of the subjects

Subject Characteristics M=£SD
Age(yr) 27.21+2.99
Height(cm) 165.20 +4.35
Weight(kg) 50.31 £4.08
Foot size(mm) 245.34 +8.23

right foot 19

Dominant foot(n) loft foot 10
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99, & 32y 599, FZ(midfoot) @ FZ(hindfoot)9] & 12
9(mask)2.2 o] E4319 ch(Figure 2).

Fig. 1. Measurement of Foot Pressure Distribution during heel raise

MO1: big toe
Pressure picture with masks
MO02: 27 toe
p>=300.0kPa  M03: 3% toe
p>=220.0 kPa
p>=1500kPa  MO4: 4% toe
P ao0kps  MO5: 5 toe

p>=300kPa  \{0@: ]t metatarsal
p>=10.0 kPa e

Cuteoff: 10.0 kPa MO7: 2 metatarsal
Threshold: 0.00kPa  MO8: 3 metatarsal
MO9: 4* metatarsal
M10: 5* metatarsal
MI11: mid foot

M12: hind foot

Fig. 2. 12 Masks
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35 710l e ety 2o 4y ¥l m A (peak
pressure), Yot FEH A (contact area), THE H&E A7t
(contact time), &2 4] o]5 7 2|(displacement of center of
pressure), &2 4 ol #AZH 9 F7HE & k(velocity of each
phase of center of pressure trajectory)e]tt. T3 42
9] 7+ 598 o] Ao gol = w9 "HATY 4=
#(kPa)olct. HEHA L Tutee] 7 B7t A Ho] FESt WA
(cm?)o] 1, FEAZRZ Tuete] 7+ 297 XA} g= AZto|th
(ms). 42 34 clesAdE FHX), SF(Y) FFOE 0|58 A
g, A A(mm)=E &5kt &2 4 ol A A £
(ft/s)= EAATH®)Ol T2 o5 AT (=delta XY ft/delta time(%)
2 HEA E716%), A8 21 @ fA71(72)E ok

ZA5F B E HQl9] 712 SPSS PC+ for Windows(version 24.0)5
o]-&sto] EA 5t FAA FIHE 2467 Qs 2 25 71
< HA(treatment) & k= HHESH AR S (Repeated Measures
ANOVA)E 35k, 1942l Aol7t et 55 71HE o
o}st7] fJsf AFFEA (post-hoc)= AAI T

HA Al 25 7Y 2 539 SEA o7& wdsty] A
Mauchly®] +34 #3E 3} +F480] 7182 A+ +34
o] 7H4H WrEESAHEAREAS F&Fon, 134 7ol vt

o
3
2] &S A9 Greenhouse-Geisser?] Z1=Z 2}o]& HAA L.
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i<
SEDE

Aot g 71¥S HLPe W, 53 g oA WA Lt
(F=7.05, p=.02), A HA & 3] 2]¥(F=9.49, p=.00), TZ(F=6.42,
p=.00)91A FoJ5tA 717 ket Wi, B3 Bgo]4] 7]He| 1
3 ke A WA W Y (F=4.46, p=.01), ¥l WA T 3w
(F=4.36, p=.01)°lI A -J5HA =9 th(Table 2).

CEER
H2UAL Fob WY 7Y HEAAL W, FH(=3.16, p=.04)
oflA 7P FkL, Al WA & 528 (F=6.18, p=.00)14 = st

Al & AtH(Table 3).

S ENEL

gal

wrekeh A5 A7EE Aok T WS AL W, T 0A ¥ 3
2Jw(F=5.37, p=.00)8} Tl WA WAARH(F=3.37, p=.03)14] %]
51 A%AeKTable 4).
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oJstAl AU ehF=74.43, p=.00).
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2 e & F3(plantar flexion)o] ¥of Hafejudreabd
(metatarsophalangeal joint)°] &% Aref7F Hth(Winder et
al., 2021).

59 FE&pE2 MEEE FuA 2712 A 94 ' sy Bd
o] IARE H 11, o] 2 QI ‘Fg59] A ol E2l= IAA T
3] (flexor hallucis longus) A3 ¥ 3] 2]#(metatarsal bone)
71M5e}k Qget gaxgy F-(lisfranc joint)] ZAMHE: SF ol
23 w2 EHRowley et al., 2015).

2 Ao E Aok wgt 7Y A Al A A4 I 52w mj3
Feo] FooHA Aok, F A T 52w 9] FHZAIZR 95k
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AlAFecH(Harrington et al., 1993).
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SHA 71 Wol, FRA2RE Wit g BA F4olsg 7HHA
St Q)&= ERIstATHGu et al., 2010).
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Table 2. Differences in peak pressure according to three breathing techniques

Region Breathing Method N Mean(kPa) SD F P Post Hoc
ADT" 29 57.01 15.65
Big toe ABT? 29 57.36 14.01 0.06 94
TOT? 29 56.15 10.25
ADT 29 254.02 99.74
2nd toe ABT 29 222.24 84.75 1.41 24
TOT 29 221.72 62.26
ADT 29 438.22 145.17
3rd toe ABT 29 391.32 99.34 1.80 17
TOT 29 387.18 88.46
ADT 29 371.90 89.45
4th toe ABT 29 388.62 101.28 1.97 146
TOT 29 344.37 61.53
ADT 29 302.01 134.17
5th toe ABT 29 315.17 143.80 7.05 .00 3<(1=2)"
TOT 29 214.25 91.80
ADT 29 202.30 143.12
1st metatarsal ABT 29 230.40 147.23 9.49 .00 3<2,3<1"
TOT 29 161.82 66.61
ADT 29 353.45 84.83
2nd metatarsal ABT 29 382.93 91.67 1.09 34
TOT 29 349.83 103.53
ADT 29 119.97 47.23
3rd metatarsal ABT 29 139.28 46.53 4.46 .01 1<2™
TOT 29 126.44 36.61
ADT 29 97.18 19.12
4th metatarsal ABT 29 110.46 15.18 436 01 1<2™
TOT 29 104.83 17.00
ADT 29 129.71 58.59
5th metatarsal ABT 29 178.74 81.56 3.83 02 N/A
TOT 29 176.78 85.87
ADT 29 101.09 63.61
Midfoot ABT 29 100.40 50.47 6.42 .00 3<1, 3<2”
TOT 29 79.02 40.81
ADT 29 170.80 51.87
Hindfoot ABT 29 191.38 62.46 2.67 07
TOT 29 204.37 52.21

1) Abdominal Draw-in with Exhalation Technique
2) Abdominal Bracing with Exhalation Technique
3) Teeth Occlusion with Exhalation Technique

*Greenhouse-Geisser’s F due to failure to meet assumption of sphericity
**Used Fisher’s LSD test as a post-hoc test for Repeated Measured ANOVA analysis
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Table 3. Differences in contact area according to three breathing techniques

Region Breathing Method N kPa SD F P Post Hoc
ADT" 29 14.95 7.99
Big toe ABT? 29 15.31 6.26 0.31 73
TOT” 29 13.96 5.80
ADT 29 11.937 0.61
2nd toe ABT 29 10.425 0.54 095 .07
TOT 29 10.54 0.86
ADT 29 9.91 0.68
3rd toe ABT 29 9.57 0.69 2.87 .06
TOT 29 10.06 0.59
ADT 29 10.09 0.61
4th toe ABT 29 10.10 0.55 0.05 95
TOT 29 8.57 0.54
ADT 29 8.76 0.62
Sth toe ABT 29 8.77 0.60 0.86 42
TOT 29 6.11 0.75
ADT 29 6.11 0.76
I'st metatarsal ABT 29 6.20 0.84 1.43 24
TOT 29 5.87 0.66
ADT 29 1291 1.28
2nd metatarsal ABT 29 13.04 0.96 0.26 77
TOT 29 12.84 0.93
ADT 29 4.92 1.27
3rd metatarsal ABT 29 5.30 1.47 6.18 .00 1<3
TOT 29 5.54 1.28
ADT 29 4.41 0.96
4th metatarsal ABT 29 4.48 0.74 0.28 75
TOT 29 4.57 0.69
ADT 29 4.53 0.83
Sth meatatarsal ABT 29 4.82 0.70 1.30 27
TOT 29 4.62 0.56
ADT 29 3.82 1.50
Midfoot ABT 29 4.36 2.86 3.16 .04 33<<21’
TOT 29 3.51 1.43
ADT 29 26.529 2.58
Hindfoot ABT 29 26.454 243 0.28 75
TOT 29 26.879 1.80

1) Abdominal Draw-in with Exhalation Technique
2) Abdominal Bracing with Exhalation Technique
3) Teeth Occlusion with Exhalation Technique

*Greenhouse-Geisser’s F due to failure to meet assumption of sphericity
**Used Fisher’s LSD test as a post-hoc test for Repeated Measured ANOVA analysis
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Table 4. Differences in contact time according to three breathing techniques

Region Breathing Method N Mean(kPa) SD F P Post Hoc
ADT" 29 988.05 788.65
Big toe ABT? 29 769.20 410.61 1.59 21
TOT” 29 716.32 250.10
ADT 29 9,905.98 291.64
2nd toe ABT 29 9,871.72 202.49 0.19 .82
TOT 29 9,896.78 113.24
ADT 29 9,919.77 290.50
3rd toe ABT 29 9,944.60 66.14 0.22 .80
TOT 29 9,915.63 85.77
ADT 29 9,927.36 290.79
Mo04 ABT 29 9,957.01 52.66 0.26 76
TOT 29 9,928.28 68.21
ADT 29 8,754.02 2,432.78
Sth toe ABT 29 9,224.39 1,997.03 3.37 .03 1<3
TOT 29 9,519.54 1272.53
ADT 29 4,595.17 2,640.58
1st metatarsal ABT 29 5,108.28 3,324.27 3.08 .05
TOT 29 3,247.36 2,834.81
ADT 29 7,192,40 3,577,29
2nd metatarsal ABT 29 8,793.10 3919,12 5,376 .00 12<<z’
TOT 29 9,792.87 3710,92
ADT 29 9,586.21 470.78
3rd metatarsal ABT 29 9,587.59 177.82 0.30 73
TOT 29 9,531.26 202.814
ADT 29 9,384.83 662.963
4th metatarsal ABT 29 9,403.91 863.871 0.54 .58
TOT 29 9,517.01 232.089
ADT 29 9,224.37 1,081.487
Sth meatatarsal ABT 29 9,318.39 751.833 0.25 7
TOT 29 9,365.06 302.695
ADT 29 7,179.08 2,265.930
Midfoot ABT 29 8,124.60 1,605,324 2.71 .07
TOT 29 8,174.71 1,542.136
ADT 29 760.00 394.003
Hindfoot ABT 29 704.37 377.041 0.22 79
TOT 29 709.66 259.814

1) Abdominal Draw-in with Exhalation Technique
2) Abdominal Bracing with Exhalation Technique
3) Teeth Occlusion with Exhalation Technique

*Greenhouse-Geisser’s F due to failure to meet assumption of sphericity
**Used Fisher’s LSD test as a post-hoc test for Repeated Measured ANOVA analysis
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Table 5. Displacement of the Center of Pressure Trajectory

Direction Breathing Method N Mean(ft) SD Levene Statistic F P Post Hoc
ADT" 29 4.70 1.10 0.00
X ABT? 29 4.65 0.97 368.63 74.43 .00 3<2<1”
TOT? 29 4.56 0.90 Sig,
ADT 29 5.82 2.62 0.08
Y ABT 29 591 2.62 2.48 12.58 .00 (1=3)<2™
TOT 29 5.75 2.83 Sig,
ADT 29 7.60 2.49 0.18
XY absolute ABT 29 7.64 2.46 1.69 20.16 .00 3<(1=2)""
TOT 29 7.46 2.66 Sig,
"P<.05, "P<.01, X(mm):left and right center of gravity, Y(mm):Front and Back center of gravity
1) Abdominal Draw-in with Exhalation Technique
2) Abdominal Bracing with Exhalation Technique
3) Teeth Occlusion with Exhalation Technique
*Greenhouse-Geisser’s F due to failure to meet assumption of sphericity
**Used Fisher’s LSD test as a post-hoc test for Repeated Measured ANOVA analysis
Table 6. Absolute velocity of the Center ofPressure Trajectory for each phase
Phase Breathing Method N Mean(ft/s) SD Levene Statistic F P Post Hoc
ADT" 29 1.01 1.61 8.070
Heel raises ABT? 29 0.92 1.60 Sig. 5.68 .00 (2=3)<1"
TOT? 29 0.90 1.43 0.00
ADT 29 0.31 0.27 0.00
K‘;?i’s::e] ABT 29 031 0.27 158.69 201.52 00 3<(1=2)"
TOT 29 0.25 0.21 Sig.

P<.05, "P<.01, X(ft):left and right center of gravity, Y(ft):Front and Back center of gravity

1) Abdominal Draw-in with Exhalation Technique
2) Abdominal Bracing with Exhalation Technique
3) Teeth Occlusion with Exhalation Technique

*QGreenhouse-Geisser’s F due to failure to meet assumption of sphericity

**Used Fisher’s LSD test as a post-hoc test for Repeated Measured ANOVA analysis

A HE 9 A=23 559 Ylo] "k (Rowley el al., 2015)
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AlgttH(Caballero et al., 2015).
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