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Objective: There are many types of exercises with upper and lower-limb action for activation of abdominal muscles for trunk
stabilization. A comparison of the different exercise methods been very useful to enhance the result from the exercise for
treatment. The purpose of this study was to investigate through surface electromyography (EMG) the changes in abdominal muscle activity during the performance of three different dead-bug exercise methods performed at three different speeds.
Design: Cross-sectional study.
Methods: The subjects were 30 healthy adults (13 males and 17 females). We instructed the subjects to perform three different
dead-bug exercises. We also applied three different speeds to the dead-bug exercises; 60 bpm, 90 bpm, and 120 bpm with use of a
metronome. The assessment of EMG was percentage of maximal voluntary isometric contraction on the rectus abdominis (RA),
external oblique (EO), and internal oblique (IO).
Results: EMG activation of the RA, EO and IO muscles was significantly greater at the higher speed (p<0.05). There was a significant increase in abdominal muscle activity during the dead-bug exercise performed with both the upper and lower extremities
compared to that with only the upper extremity or the lower extremities (p<0.05).
Conclusions: These findings demonstrate that the performance of the dead-bug exercise with both the upper and lower extremities combined at a high speed is more effective compared to other exercises. Therefore, it is suggested that more favourable
and effective outcomes may occur when the type and speed of the exercise is chosen appropriately.
Key Words: Electromyography, Exercise movement techniques, Exercise therapies

Introduction
Most exercise programs for back pain management highlights mostly improving trunk muscle strength, endurance,
and functional capacity, however, recent studies have emphasized improving motor control of the trunk muscles [1,2].
Motor control of the trunk muscles includes orderly mobilization of the trunk muscles and activation of the core muscles involved in providing stability, but motor control imbalances may lead to spinal instability, which is the most im-

portant cause of low back pain [3]. Intervention to enhance
trunk stability includes mostly strengthening the abdominal
and erector spinae muscles. Strengthening the trunk muscles
of the spine provides dynamic stability of the spine segments, which helps to reduce spinal dysfunction [4].
Trunk stabilization exercises to strengthen the trunk muscle includes performing curl-ups in a supine position [5],
quadruped exercise where the arms and legs are lifted while
assuming a quadruped position [6], and the dead-bug exercise where the arms and legs are alternately crossed while
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in a supine position [6]. These exercise methods enhances
the abdominal muscles which are important for providing
trunk stabilization during trunk and upper extremity movements, and are effective in promoting overall function [5,6].
Of these exercises, the dead-bug exercise is an effective exercise for promoting stabilization of the trunk and pelvis and
is performed by alternately moving the arms and legs while
maintaining the abdominal draw-in maneuver, which activates the rectus abdominis and oblique muscles.
An individualized exercise program based on the individual’s condition and capabilities is necessary when trying to achieve an exercise goal by having an appropriate
combination of exercise intensity and frequency levels [7].
Exercise intensity is established according to the resistance
or weight applied in a single perform and changes in frequency, momentum, resting periods, repetition rates can be
made as a way to adjust the exercise intensity [8].
Souza et al. [6] reported that during the performance of
the dead-bug exercise, resistance is applied through the
weight of the arms and legs, and by conducting a study on investigating the effects of increasing the exercise load on abdominal muscle activity, it had been confirmed that activity
was increased with gradual increases in resistance [6]. As a
method of adjusting the exercise intensity, various postures
and exercise methods are being used in studies increase the
effectiveness of the dead-bug exercise that may lead to
changes in trunk stability [9].
Therefore, the purpose of this study was to compare various methods that can be used to increase the effectiveness of
the general dead-bug exercise on trunk stability. This study
also attempted to investigate the difference in the effects of
performing different intensities of the dead-bug exercise
through the incorporation of upper and lower extremity
movements as well as exercising at various speeds on abdominal muscle activity.

Methods
Subjects
Thirty healthy college students (13 males, 17 females)
from Daejeon University were recruited for the study. Those
who have had an orthopedic or neurological problem within
the last six months and those who had experienced pain with
exercises were excluded from the study. All subjects provided an informed consent and volunteered for the study after being presented with the explanation of the study purpose
and methods.

Procedure
Dead-bug exercise
The dead-bug exercise was performed with the subjects in
supine position with the spine maintained in neutral position
[6]. Prior to performing the exercise, subjects were asked to
slowly pull the abdomen toward the spine as a training method to perform the abdominal drawing-in maneuver [10].
This is reported to be an effective exercise method in providing spinal stabilization [11]. A biofeedback device (Stabilizer;
Chattanooga Group Inc., Hixson, TN, USA) with a pressure
of 40 to 70 mmHg was maintained at the level below the 5th
lumbar vertebrae, which was used to confirm and maintain
trunk stabilization during the abdominal drawing-in maneuver
[12,13].
Changes in exercise methods
The dead-bug exercise was divided into three different
exercise methods. The starting position for the first deadbug exercise method included only the upper extremities
with the shoulder flexed to 90 degrees and with the knees
straight up while lying in supine. The starting position for
the second dead-bug exercise method included only the lower extremities with the upper extremities laid onto the
ground and with the hip joint and knee joints in 90 degrees
flexion. The starting position for the third dead-bug exercise
method included movement of both the upper and lower extremities with the shoulders, hip joint and knees flexed to 90
degrees (Figure 1).
Changes in exercise speed
The dead-bug exercises were divided into three different
speeds. Exercise speeds were guided with use of a metronome. For each type of dead-bug exercise, the upper and
lower extremity movements were performed at speeds of 60
bpm, 90 bpm, and 120 bpm. Guidance was provided by an
evaluator to ensure that each speed was accurately maintained, and if the subjects were unable to continuously perform the exercises, a rest period was provided prior to the resumption of the exercise.
Outcome measures
Surface electromyography (EMG) was used to investigate the muscle activity of the rectus abdominis, external
oblique, and internal oblique muscles. A four-channel portable EMG system (LXM3204; Laxtha Inc., Daejeon, Korea)
was used to collect data of the muscle activities of the right
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Figure 1. (A) Upper extremity
dead-bug exercise. (B) Lower extremity dead-bug exercise. (C) Upper
and lower extremity dead- bug
exercise.

rectus abdominis, external abdominal oblique, and internal
abdominal oblique muscles.
After marking the electrode sites for each muscle, each
site was rubbed 3 to 5 times with sandpaper in order to minimize resistance by removing the horny layer of the skin. The
skin was sterilized with rubbing alcohol afterwards. For the
rectus abdominis muscle, electrodes were attached 2 cm laterally and distally from the umbilicus. For the external abdominal oblique muscle, the electrodes were attached between the end of the rib and the anterior superior iliac spine
(ASIS) [14]. For the internal abdominal oblique muscle,

electrodes were attached parallel to and approximately 2 cm
downwards from the ASIS. The ground electrode was attached onto the right ASIS. A sampling rate of 1,024 Hz was
used and the collected data was processed using the
TeleScan 3.01 program (Laxtha Inc.). The maximal voluntary isometric contraction (MVIC) was measured to standardize the action potential of each muscle. To encourage
maximal activation of the rectus abdominis, subjects were
instructed to perform trunk flexion from the supine position,
bend and rotate the trunk to the opposite side for the external
oblique, and lateral trunk rotation for the internal oblique
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muscle [15]. The evaluator provided resistance toward the
opposite direction of each muscle position to the induce
maximal isometric contraction of each muscle [16]. The
MVIC was assessed 3 times for 5 seconds, with a 2-minute
rest period provided between each MVIC assessment session [17]. With the exclusion of the first and fifth second, the
mean values from the middle 3 seconds were calculated.
After signals had undergone full wave rectification, it was
processed into the root mean square.
After performing the abdominal drawing-in maneuver for
the dead-bug exercise, once the patient was at a state of being able to maintain sufficient pressure they had included the
arm movements. Three different types of arm movements
were performed by the patient in random order in addition to
three different speeds for each type of exercise used in random order as well. All exercises were performed for 10 seconds, however, excluding the first and last three seconds, only values from the middle four seconds were used. In addi-

Table 1. General characteristics of subjects
Characteristic Male (n=13)

Female (n=17)

(N=30)
Total

Age (yr)
23.54 (1.33)
22.12 (5.43)
22.73 (1.33)
Heigth (cm) 173.60 (7.25) 160.85 (38.16) 166.37 (8.60)
Weigth (kg) 70.46 (10.01) 51.85 (13.56) 59.92 (12.23)

tion, subjects performed the exercises three times according
to each speed type, and mean values were obtained. To avoid
fatigue, a 2-minute rest period was provided between each
exercise [17].
Data and statistical analysis
The results of this study were analyzed with the IBM
SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA).
Normal distribution was confirmed with the KolmogorvSmirnov test. The two-way repeated measures ANOVA was
used to analyze the EMG results from the abdominal muscles during the performance of three different exercises with
three various speeds. In addition, the Bonferroni was used
for post-hoc analysis. The significance level was set at α=
0.05.

Results
General characteristics of subjects
The general characteristics of subjects are presented in
Table 1. There were 30 subjects (13 males, 17 females) with
an average height of 166.37 cm and an average weight of
59.92 kg (Table 1).

Values are presented as mean (SD).

Table 2. Comparison of the three group in pre-post muscle activity
Variable
RA (%MVIC)
UE
LE
U/LE
F
EO (%MVIC)
UE
LE
U/LE
F
IO (%MVIC)
UE
LE
U/LE
F

(N=30)

60 bpm

90 bpm

120 bpm

F

8.88 (7.17)
28.79 (15.66)a
31.52 (14.91)a
29.262*

10.15 (11.26)
31.88 (16.59)a,b
34.45 (16.05)a,b
28.842*

11.03 (11.02)
37.06 (19.65)a,b,c
37.52 (17.57)a,b,c
29.299*

3.010
20.893*
7.989*

11.85 (6.93)
35.75 (16.60)a
35.81 (15.44)a
66.235*

13.71 (10.06)
39.53 (17.83)a,b
40.70 (18.95)a,b
83.223*

14.44 (7.27)b
44.33 (18.83)a,b,c
48.11 (21.40)a,b,c
95.840*

17.064*
37.178*
29.192*

11.69 (9.55)
33.94 (14.09)a
36.61 (14.56)a
23.910*

15.26 (13.18)b
40.07 (16.30)a,b
42.07 (16.58)a,b
15.839*

16.51 (13.19)b
47.62 (17.38)a,b,c
50.03 (18.09)a,b,c
24.117*

7.349*
64.039*
24.357*

Values are presented as mean (SD).
RA: rectus abdominis, UE: upper extremity, LE: lower extremity, EO: external abdominal oblique, IO: internal abdominal oblique.
a
Significant differences compared to upper extremity, bSignificant difference compared to 60 bpm, cSignificant difference between 90 bpm and
120 bpm.
*
p<0.05.
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A comparison of abdominal muscle activity according to
various exercise methods and speed
There was a statistically significant difference in abdominal muscle activity according to the dead-bug exercise with
extremities Post-hoc analysis showed that there was a significant increase in abdominal muscle activity with the lower extremity and the upper and lower extremity dead-bug exercise group compared to the upper extremity dead-bug exercise group (p<0.05), but there was no significant difference between the lower extremity with the upper and lower
extremity dead-bug exercise group.
There was a significant difference in abdominal muscle
activity between the lower extremity and the upper and lower extremity dead-bug exercise performed at 60 bpm, 90
bpm, and 120 bpm. In addition, post-hoc analysis showed
that there was a significant increase in abdominal muscle activity with exercise performance at a high speed compared to
a low speed (p<0.05).
However, there was no significant difference in rectus abdominis muscle activity according to difference speeds in
the lower extremity dead-bug exercise group. For the external abdominal oblique muscle, significant differences
were observed only at 60 bpm and 120 bpm. Although there
was a significant difference in internal abdominal oblique
muscle activity with the dead-bug exercise performed at 90
bpm and 120 bpm compared to 60 bpm (p<0.05), there was
no significant difference between the exercises performed at
90 bpm and 120 bpm (Table 2).

Discussion
The purpose of this study was to investigate the effects of
performing the dead-bug exercises using three different
methods and speeds on abdominal muscle activity. As a
method used in the clinic to enhance trunk stability, the biofeedback is used to confirm whether the abdominal draw-in
maneuver is being performed appropriately. From this study,
when comparing the three different dead-bug exercise methods, it had been found that the abdominal muscle activity
was the highest with the upper and lower extremity deadbug exercise. Souza et al. [6] observed a significant increase
in rectus abdominis and oblique muscle activity when subjects performed the dead-bug exercise with the additional
weight of the upper and lower extremities
Increases in muscle activity with increase weight loads
occur due to the stimulation of the supplementary motor area
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of the cerebral cortex [18]. Therefore, it is considered that
increases in abdominal muscle activity se occur especially
with lower extremity movements since the weight of the
lower extremities are generally greater than the upper
extremities. McGill and Karpowicz [9] compared the abdominal muscle activity according to the different types of
Bird-dog exercise performed in a quadruped position involved with the lifting of the opposite upper and lower
extremities. Although increases in rectus abdominis, oblique muscle activities had been observed during the performance of the bird-dog exercise with the upper extremities,
lower extremities, or combined with both upper and lower
extremities, there was no significant difference in abdominis
muscle activity according to each specific type of exercise.
Therefore, further pre and post studies are needed to compare the multifidus muscle activity according to different
bird-dog exercise methods.
This study showed that when performing the dead-bug
exercises with three different speeds, there was increased
abdominal muscle activity with the upper and lower extremity dead-bug exercise performed at high speed. Hodges
and Richardson [19] stated that with faster the upper extremity movements, there was a more significantly increased trunk and deltoid muscle activity while in contrast,
the slower the upper extremity movements, the lower the
muscle activity of the trunk and deltoid muscle [19]. McGill
and Karpowicz [9] compared the abdominal muscle activity
while performing a slow dead-bug exercise versus a fast,
plyometric-type exercise. While the MVIC values of the abdominal, external oblique and internal oblique were 6%,
8%, and 5% during the slow dead-bug exercise, the MVIC
values were 53%, 26%, and 42% during the high-speed
plyometric method of exercise and showed a significant increase in abdominal muscle activity [9].
It is considered that the reason for the increased abdominal muscle activity is that with higher upper extremity
movement speeds, the abdominal muscle response is increased in order to maintain trunk stability.
A limitation of this study was that although a metronome
was used with use of the EMG, it was difficult to identically
perform the dead-bug exercise movements along with the
metronome. Therefore, further studies should include performing a motion analysis in order to accurately measure the
movements.
Through this study, it has been confirmed that the muscle
activity of the abdominal muscles were enhanced by performing the dead-bug exercise for trunk stability at a higher
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speed. Through these results, it is suggested that the
dead-bug exercises can be used to increase abdominal muscle activity to promote trunk stability by using different exercise methods and various speeds.
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