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Effects of abdominal hollowing during stair climbing on the activations of local trunk
stabilizing muscles: a cross-sectional study.Shibata S,

Takemura M, Miyakawa (2018)
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Fig. 1. Subject performing abdominal hollowing (AH) with verbal and tactile feedback. AH with verbal and tactile
feedback in the supine position (A) and standing position (B).

Fig. 2. Subject performing abdominal hollowing (AH) with pressure biofeedback. AH with pressure biofeedback in the
supine position (A) and supine hook lying position (B). AH with pressure biofeedback in the single leg slide with the
contralateral leg supported position (C) and unsupported position (D).



Fig. 3. Subject performing abdominal hollowing (AH) with real-time ul d biofeedback. AH with real-time ul-
trasound biofeedback in the supine hook lying position (A), in the single leg slide with the contralateral leg supported
position (B) and

(C), and in the standing position (D).
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Fig. 4. Positions of surface elec-
trodes: (A) ventral side and (B)
dorsal side. (a) External oblique
abdominals, (b) rectus abdomi-
nis, (c) transverse abdominus -
internal oblique abdominals, (d)
thoracic erector spinae, (e) lumbar
erector spinae, (f) multifidus, (g)
ground electrode.
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Fig. 5. Stair-climbing and recording electromyography
activities with or without abdominal hollowing.
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Fig. 6. Trunk muscle activities during stair climbing with
or without abdominal hollowing (AH). Stair climbing
with AH resulted in significantly more recruitment of the
multifidus (MF) and transverse abdominus - internal
oblique abdominal muscles (TrA/10). *p<0.05. MVC,
maximal voluntary contraction; Rt., right; Lt., left.



Table 1. Electromyographic activities of trunk muscles
during stair climbing with or without AH

Activity of muscle (%MVC)
Muscle Without AH With AH p-value
MEF R 17.87+9.35 21.48+12.55 0.005”
L 17.62+6.45  21.99+10.99  0.018
LES R 17.13+7.95 18.02+7.77 0.080
I 17.65+6.60 18.61+5.61 0.082
TES R 17.52+7.13 18.39+6.77 0.189
5 18.87+13.38 19.27+11.93 0.564
TrA-10 R 15.39+11.46 19.90+11.17 <0.001?
L 15.88+9.24 20.60+9.02 0.002”
EO R 8.76+4.87 10.14+3.23 0.133
I 10.47+5.90 12.22+3.23 0.054
RA R 6.67+4.42 6.93+4.01 0.556
L 8.28+3.94 8.61+3.88 0.528

Values are presented as mean+tstandard deviation.

MVC, maximal voluntary contraction; AH, abdominal
hollowing; R, right; L, left; MF, multifidus; LES, lumbar
erector spinae; TES, thoracic erect spinae; TrA-IO, trans-
versus abdominis and obliquus internus abdominis; EO,
obliquus externus abdominis; RA, rectus abdominis.
“p<0.05 significantly different between stair climbing
with and without abdominal hollowing according to

paired t-test.

Table 2. Local muscle to global muscle activity ratios dur-
ing stair climbing with or without AH

l:::;;::m WithoutAH WithAH p-value
MF/TES R 1.41+0.61 1.43+0.25 0.899
L 1.56+0.08 1.71+0.59 0.418

TrA-IO/EO R 1.86+1.41 2.58+2.38 0.004”
L 1.60£1.14 2.44+1.64 0.017"
TrA-IO/RA R 3.42+1.79 3.51+1.58 0.759
L 2.87+1.10 2.88+1.33 0.977

Values are presented as mean+standard deviation.

AH, abdominal hollowing; R, right; L, left; MF, multifi-
dus; TES, thoracic erect spinae; TrA-10, transversus ab-
dominis and obliquus internus abdominis; EO, obliquus
externus abdominis; RA, rectus abdominis.
“p<0.05 significantly different between stair climbing
with and without abdominal hollowing according to

paired t-test.
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