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Abstract. [Purpose] The purpose of this study was to assess the effects of draw-in exercise on abdominal muscle 
activity in the standing and supine positions. [Methods] Twenty healthy women participated in this study. The sub-
jects were required to complete two draw-in exercises (standing and supine positions) using a biofeedback pressure 
unit. The root mean square (RMS) values of the EMG data were expressed as a percentage of the resting contrac-
tion. The data were analyzed using the independent t-test. [Results] According to the changes in the activities of 
the abdominal muscles, the draw-in exercise in the standing position produced the most significant increase in the 
activities of the rectus abdominis, the transverse abdominis, the internal oblique, and the external oblique muscles. 
[Conclusion] The activities of the trunk stability muscles (rectus abdominis, transverse abdominis, internal oblique, 
and external oblique) increased more in the standing than in the supine position, enabling the subjects to overcome 
gravity. Therefore, to strengthen the activation of the abdominal muscles, a standing position seems to be more ef-
fective than a supine position for draw-in exercises.
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INTRODUCTION

Back pain is one of the most frequent diseases of the 
musculoskeletal system, affecting the daily activities of 
many people. Approximately 50–90% of the whole popula-
tion experience back pain at least once in their lives1). Mus-
cles involved in trunk stabilization include local muscles, 
such as the transverse abdominis and the internal oblique 
abdominis, and global muscles, such as the rectus abdomi-
nis and the external oblique abdominis. The local muscles 
are directly connected to the spine, and they provide fine 
adjustment of the spine and stability between spinal seg-
ments. The global muscles mainly generate torque and 
gross movements of the trunk and the pelvis, and they are 
involved in providing overall trunk stability2). There are 
three general techniques for the activation of abdominal 
muscles: the drawing-in maneuver, abdominal bracing, and 
pelvic posterior tilting3). Of these, the drawing-in maneuver 
is recommended for trunk stabilization training because it 

increases intra-abdominal pressure by moving the abdomi-
nal walls inward4). The use of a pressure biofeedback unit 
during abdominal exercises is beneficial for the mainte-
nance of constant pressure under external loads. The unit 
shows when the subject’s pressure values have increased 
abnormally5). Exercises in supine positions are easier to 
perform than those in standing positions. No study has di-
rectly compared the effects of exercises in supine positions 
with the same exercises in standing positions on the activa-
tion of the abdominal muscles.

Therefore, the purpose of this study was to compare ab-
dominal muscle activities between a standing position and a 
supine position with the subjects’ knees flexed at 90°, which 
is the most commonly used flexion during trunk stabiliza-
tion training, using a pressure biofeedback unit.

SUBJECTS AND METHODS

The study subjects were 20 adult females who volun-
tarily agreed to participate in the experiment. All the sub-
jects had appropriate muscle power, range of motion, and 
balance ability for the performance of the exercises in the 
experiment. They had no orthopedic or neurological his-
tory relating to back pain, the trunk, or the lower extremity 
musculoskeletal system. The mean age of the subjects was 
21.40±1.39 years. Their mean height was 163.75±4.38 cm, 
and their mean weight was 56.90±7.11 kg. The procedures 
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of this study were harmless to the human body. All subjects 
read and signed a written consent form.

In the experiment, the subjects performed the drawing-
in maneuver in a standing position and in a supine position, 
with their knees flexed at 90°. To perform the drawing-in 
maneuver, all the subjects were instructed to slowly draw 
in their lower abdomen as if they were holding their urine 
and then draw up their pelvic floor muscle so that it could 
contract, together with their lower abdomen, while continu-
ing normal breathing6). The end part of the pressure device 
(Stabilizer Pressure Biofeedback, USA) was placed on the 
posterior superior iliac spine (PSIS). The pressure gauge 
was set to indicate 40 mmHg before the drawing-in maneu-
ver began. The subjects were told to increase the pressure 
by 10 mmHg using the drawing-in maneuver on the ver-
bal instruction, “Start”, and to maintain the state for 5 sec-
onds. The length of time that the pressure was maintained 
was measured in seconds within a margin of error of ±1–2 
mmHg.

A surface EMG (MP150WSW, BiopacSystems, Inc., 
USA) was used to measure the muscle activities of the ab-
dominal muscles. The electrodes were attached to a point 
2 cm lateral to the navel for the rectus abdominis, to a point 
half-way between the navel line and the anterior superior 
iliac spine (ASIS) for the internal oblique abdominis, to a 
point 15 cm lateral to the navel for the external oblique ab-
dominis, and to a point lateral to the center of the pelvister-
num and parallel to the superior pubic ramus for the trans-
verse abdominis7). The electromyographic signal sampling 
rate was set to 1,000 Hz. Amplified waveforms were filtered 
using a band pass filter of 200 Hz and a notch filter of 60 Hz, 
and their root mean square (RMS) values were calculated. 
The measured data were analyzed using SPSS for Windows 
(ver. 19.0). The independent t-test was conducted to com-
pare the activities of the abdominal muscles between the 
two positions, and a significance level of α=0.05. was used.

RESULTS

In this study, the activities of the abdominal muscles were 
measured both in a standing position and in a supine posi-
tion. Only the right-side values were measured for conve-
nience. The muscle activities of the rectus abdominis in the 
supine position and the standing position were 278.01±147.83 
and 438.90±245.99, respectively, and the muscle activity in 
the standing position was significantly higher. In the supine 
and standing positions, the muscle activities of the external 
oblique abdominis were 409.68±173.16 and 597.87±203.19, 
respectively; those of the internal oblique abdominis were 
584.01±273.06 and 2,161.06±1,422.74, respectively; and 
those of the transverse abdominis were 650.46±644.57 and 
1351.55±667.11, respectively. The muscle activities were 
significantly higher in the standing position than in the su-
pine position for all of the four muscles (p<0.05) (Table 1).

DISCUSSION

Spinal instability in chronic back pain patients can affect 
their movements and their ability to maintain specific pos-
tures during their daily lives. If the imbalance between the 

abdominal muscles and the trunk extensor muscles, which 
cause the back pain, is relieved through trunk stabilization, 
these muscles will be in harmony with each other. These 
muscles will then play the role of a corset, relieving and 
preventing the recurrence of the back pain. Thus, trunk sta-
bilization can be used not only for muscle strengthening, 
but also for treating and preventing musculoskeletal system 
diseases and improving motor ability8,9).

To identify effective methods of training the abdomi-
nal muscles for trunk stabilization, the muscle activities of 
the abdominal muscles of 20 subjects were measured us-
ing a pressure biofeedback unit while they performed the 
drawing-in maneuver in supine and standing positions. 
The results show the muscle activities were significantly 
higher in the standing position for all of the four muscles: 
the rectus abdominis, the external oblique abdominis, the 
internal oblique abdominis, and the transverse abdominis. 
The standing position adopted in this study was similar to 
the position adopted in squat exercises. During squat exer-
cises, the muscle activities of the lower extremity muscles 
and the erector spinal muscles are higher than those of other 
muscles. In the current study, the activities of the abdomi-
nal muscles may have increased in the standing position 
to maintain symmetric balance, making them higher than 
those in the supine positions. When selecting positions to 
strengthen muscles for lumbar stabilization in the acute 
phase of low back pain, a supine position is selected first 
to implement active spinal control training, followed by a 
prone position, a crawling position, a sitting position, and 
a standing position in order of precedence4). Patients with 
weak muscles can perform exercises in supine positions. 
However, supine positions are not suitable for patients who 
need more intensive training or resistance training. There-
fore, for patients with lower extremity muscle strength who 
require more intensive training and who are able to stand 
up, we consider training in standing positions would be 
more effective than training in supine positions.

The results of this study suggest that exercises in su-
pine positions using the abdominal drawing-in maneu-
ver should be recommended for patients with insufficient 
muscle strength during the acute phase of low back pain. 
In contrast, exercises in standing positions using the ab-
dominal drawing-in maneuver appear to be more suitable 
for the chronic phase of low back pain subjects who are able 

Table 1. Comparison of the muscle activities of the abdominal 
muscles between the supine and standing positions 
(unit: %RVC)

Muscle (Rt) supine standing
R.A 278.01±147.83 438.90±245.99†

E.O 409.68±173.16 597.87±203.19†

I.O 584.01±273.06 2,161.06±1,422.74†

T.A 650.46±644.57 1,351.55±667.11†

*p<0.05, Mean±SD
R.A: rectus abdominis, E.O: external oblique, I.O: internal 
oblique, T.A: transversus abdominis
†significant difference between supine and standing positions 
(p<0.05).
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to maintain muscle strength to some extent and need resis-
tance training.
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