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Abstract This study was conducted to determine an effective plank exercise method by general plank
exercise on a stable supporting surface and method of which a sling was applied to the knee or ankle
on an unstable supporting surface effect on trunk muscle activity. The subjects were 23 healthy males
in their 20s, and muscle activities of both erector spinae (ES) muscles and transversus abdominis/internal
oblique (TrA/IO) muscle were measured using surface electromyography under three different
conditions, including plank exercise on a stable supporting surface, plank exercise with a sling on an
ankle on an unstable supporting surface and plank exercise with a sling on a knee on the unstable
supporting surface. Repeated measures analysis of variance (ANOVA) was used for data analysis, and a
statistical significance level was set to be 0.05. There was a significant difference in all muscles under
all three conditions, and significant muscle activities were shown when a sling was applied on an ankle
compared to other conditions (p<0.05). Therefore, we suggest that plank exercise with a sling can be
applied to improve muscle activities of erector spine muscle and TrA/IO muscle, and the point where
a sling can be applied should be considered. Furthermore, the results of this study can be used in
adjusting the level of difficulty of the plank exercise.
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Table 1. General characteristics of subjects  (N=23)

General characteristics meantstandard deviation

Age(yr) 25.47+2.53

Height(cm) 74.30+10.25

Weight(kg) 175.56+5.12
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Fig. 1. Attachment site of electrode. (a) Transversus
abdominis/internal oblique, (b) erector spinae muscle
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Fig. 2. Three conditions of plank exercise. (a) general
plank exercise (b) plank exercise with
sling(ankle support) (c) plank exercise with
sling(knee support)
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Table 2. Comparison of trunk muscle activities
during plank exercise according to three

conditions
Muscle
Condition
Lt.ES Rt.ES Lt.TrA/IO | Rt.TrA/IO
GPE 0.16+0.15%| 0.13+0.14 | 0.26£0.19 | 0.45+0.21
PES-
ankle 0.25+£0.23 | 0.17£0.17 | 0.294£0.23 | 0.61+0.25
Support
PES-
K 0.13 +0.11| 0.10+0.07 | 0.20+0.17 | 0.44+0.19
nee support|
F 8.74 7.46 4.37 7.31
P 0.01* 0.01* 0.04* 0.01*

“mean+standard deviation, *p<0.05,

Lt.ES: Left Erector spinae muscle, Rt.ES: Right Erector spinae
muscle, Lt.TrA/IO: Left Transversus abdominis/Internal oblique
muscle, Rt.TrA/IO: Right Transversus abdominis/Internal
oblique muscle, GPE : General plank exercise, PES : Plank
exercise with sling.
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Fig. 3. Comparison of trunk muscle activities during

plank exercise according to three conditions
Lt ES: Left Erector spinae muscle, Rt ES: Right Erector
spinae  muscle, Lt TrA/IO:  Left Transversus
abdominis/Internal oblique muscle, Rt TrA/IO: Right
Transversus  abdominis/Internal ~ oblique  muscle,
*p<0.05
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