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Objective: The purpose of this study was to examine the effect on multifidus and external oblique abdominis muscle activation
during hip contraction of three types (concentric, isometric, eccentric) in standing position.

Design: Cross-sectional study.

Methods: Twenty healthy adult men volunteered to participate in this study. Muscle activation was recorded from gluteus max-
imus, both multifidus, and both external oblique abdominis by surface electromyography (EMG) while holding position in the
type of gluteus maximus contraction. EMG values were normalized by maximum muscle contractions (% maximum voluntary
isometric contraction). All subjects performed hip extension with three contraction methods. The type of gluteus maximus con-
traction using Thera-band was composed of concentric contraction (type 1), isometric contraction (type 2), and eccentric con-
traction (type 3). To measure muscle activation on the gluteus maximus contraction type, each position were maintained for 5 sec-
onds with data collection taken place during middle three seconds. Muscle activation was measured in each position three times.
Results: For the results of this study, there was no significant difference within three contraction patterns of the gluteus maximus
(concentric, isometric, and eccentric) each both multifidus, both external oblique abdominis, and gluteus maximus. And there was
no significant difference among both multifidus, both external oblique abdominis, and gluteus maximus each hip extension con-
traction type.

Conclusions: These findings suggest that specific contraction types of the gluteus maximus does not lead to a more effective ac-
tivation of the multifidus, external oblique abdominis, and gluteus maximus.
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Introduction

Low back pain, regardless of the pain associated with the
lower extremities, is pain and discomfort underneath the last
rib and above the inferior gluteal fold [1], which is due to the
spine coming out of the neutral position, which is due to
shear load onto the spine, changes in the load position, and
faulty posture, which all low back instability [2]. These
types of back pain is experienced at least once in a person’s
lifetime in 80% of the population [3], and it can be easily rec-

ognized clinically, and, the prevalence rate is 60%-90% [4].

Also, low back pain causes a selective contraction of the
multifidus and the paravertebral muscles, and the pain leads
to non-use and decreased movement, causing increasing
pain and inflammation in the low back area [5]. Specifically,
if there is an issue with the trunk extensor muscles related to
the musculoskeletal problems, it has an effect on the back
extensor muscles, and there is an increase in back pain due to
an imbalance between the hip and back muscle extensors
[6]. Due to back pain, the soft tissue damage of the trunk
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causes weakening, which reduces flexibility, therefore, lim-
iting the ability to exercise freely within the available plane,
and chronic back pain especially causes an imbalance near
the vertebral area, and causes muscle atrophy and weakness,
causing an limitation in the performance of daily activities,
and affects the ability to maintain in a proper posture [7].

As a back treatment exercise method vertebra stabiliza-
tion exercise, McKenzie exercise, Williams exercise,
Emblass exercises are applied [8]. Recently, lumbar stabili-
zation exercises for therapeutic or prevention purposes uses
a Swiss ball or elastic band for local muscles, such as the
multifidus, transverse abdominis and external oblique mus-
cles [8]. Furthermore, spine stability and proper posture can
be expected [8]. Hicks et al. [9] reported that when an ex-
ercise program was focused for low back stability, there was
an effect on decreasing low back pain, and Sundstrup et al.
[10] reported that vertebral stability exercises using the elas-
tic band not only enhanced the functional ability in low back
pain patients, it had an strengthening ability in the core
muscles.

Wilke et al.’s [11] stabilization exercises indicated that
exercising in lying position, versus standing, produced less
pressure on the intervertebral disc, which reduced the pres-
sure on the low back. However, our daily activities are per-
formed more often in standing position instead of in lying
position, and not only that performing stability exercises in
standing position but also stimulates the proprioceptive
sense and has been suggested to assist in neurological recov-
ery [12].

When vertebral stabilization exercises are performed, a
majority of the contraction patterns occur concentrically and
isometrically in the back and pelvic area. However, eccen-
tric contraction exercises may increase the muscle size, and
there is a decrease in motor unit recruitment, thus leading to
less muscle fatigability [13].

Nevertheless, it has been frequently excluded from the
lumbar stabilization exercise programs (National Academy
of Sports Medicine, 2013) [14].

In addition, the gluteus maximus (GM) muscle is a strong
extensor muscle of the hip joint, controls movement and
maintains posture [15], crosses over the sacroiliac joint, it
physiologically moves the joint in full motion, and although
it provides stability to the sacroiliac joint [16], there are cur-
rently no suggestions on the effective exercise method of the
GM during the standing posture.

Therefore, the purpose of this study was to evaluate mus-
cle activity in healthy adult male subjects in their twenties in

standing position using an elastic band while performing
GM concentric, isometric, and eccentric contractions and
muscles related to back pain, which are the core vertebral
muscles, such as the multifidus and external oblique.

Methods
Subjects

Twenty healthy, male students from Baekseok University
at Cheonan city in Chungcheongnam-do were included in
this study. All subjects were informed of the purpose and
provided their consent of agreement in order to volunteer for
the study. The study had taken place for a total of six months,
starting from March to September of 2015, and the inclusion
criteria were as follows: 1) those who have not received any
orthopedic treatment, 2) those without any neurological is-
sues, 3) those who have not received any health care for low
back pain within 6 months, 4) those who do not have excess
pain or discomfort during their daily activities or job per-
formance, 5) those who are able to receive and understand
the instructions of the researcher, 6) ability to perform
10°-20° of hip extension. The subjects were an average of
22.1 (3.7) years, 174.3 (1.9) cm in height, and 64.8 (5.9) kg
in weight (Table 1).

Equipment

Thera-band

In order to induce concentric, isometric, and eccentric
contractions of the GM, a silver thera-band was used for this
study (Thera-band; The Hygenic Corporation, Akron, OH,
USA).

Surface electromyography (EMG)

In order to measure the muscle activity of the GM, ex-
ternal oblique, and multifidus muscles, the Trigno surface
EMG (Delsys Inc., MA, USA) was used with a common
mode rejection ratio of 80 dB. After measuring the signals
from the Trigno sensors, the Trigno base station with the
wireless transmission of the EMG signals was analyzed us-
ing the EMGworks 3.7 software (Delsys Inc.). A sampling
rate of 2,000 Hz and band-pass filter of 400-500 Hz was used

Table 1. General characteristics of subjects (N=20)
Age (y) Height (cm)  Weight (kg)
Mean (SD) 22.1(3.7) 174.3 (1.9) 64.8 (5.9)
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Table 2. Electrode placement

Muscle

Electrode placement

Gluteus maximus
External oblique
Multifidus

1/3 point between femoral greater trochanter and 2nd sacrum
15 cm lateral to the umbilicus
2 cm lateral to the spinous process of L3, parallel to the vertebrae

[17]. In order to measure for the dominant side gluteus max-
imus, bilateral external oblique, and bilateral multifidus
muscle activity, the maximum voluntary contraction was in-
duced and then electrodes were placed on to the risen areas
of the muscle belly (Table 2) [18].

The measurements were taken a total of three times with
a 1-minute rest period 5 seconds after each measurement
was made. During the middle three seconds, the mean values
were processed with the root mean square (RMS) used to
normalize the maximal voluntary isometric contraction
(MVIC).

Measurements

MviC

To measure the MVIC of the GM, subjects were asked to
lie in prone position with the knee in 90 degrees of flexion,
and was instructed to raise the lower extremity up toward the
ceiling while the experimenter applied downward pressure
onto the posterior thigh. The MVIC of the multifidus was
measured by having the subjects lie in prone position with
their hands behind with head, and was asked to perform
trunk extension. To measure the MVIC of the external obli-
que, subjects were asked to lie in prone with their hands be-
hind their head and to flex forward and rotate onto one side
[19].

The MVIC of each muscle was measured during the mid-
dle three seconds, with a frequency of three times and the
mean values processed with the RMS used to quantify the
muscle activity values. A one-minute rest period between
each contraction was provided in order to prevent muscle
fatigue.

Thera-band exercises

GM concentric contraction
Concentric activation occurs as a muscle produces a pull-
ing force as it contracts [15].
The starting position was considered to be standing with
90 degrees of knee flexion and neutral hip joint position.
One end of the thera-band was fixated onto the leg of a table

while the end of the thera-band was attached above the knee
of the dominant lower extremity, providing resistance by
pulling knee toward the front. During concentric contraction
of the GM, the thera-band was connected from between the
subject and a fixed point in order to be able to provide max-
imal resistance.

Subjects were instructed to perform hip extension motion
to induce concentric GM contraction for 5 seconds until no
more movement of the pelvis and trunk could occur. In order
to provide visual feedback, a mirror was placed in front of
the subject so that they can maintain a neutral pelvic and
trunk position while performing the hip movements. During
the contraction, if severe asymmetry was present, the sub-
jects were allowed to place both hands on a chair during the
examination (Figure 1A).

GM isometric contraction

Isometric activation occurs when a muscle is producing a
pulling force while maintaining a constant length [15].

The starting position was in standing position with 90 de-
grees of knee flexion and 5 degrees of hip extension. One
end of the thera-band was fixated onto the leg of a table
while the end of the thera-band was attached above the knee
of the dominant lower extremity, providing the maximal re-
sistance by pulling the knee toward the front while maintain-
ing 5 degrees of hip extension for 5 seconds. During concen-
tric contraction of the GM, the thera-band was connected
from between the subject and a fixed point in order to be able
to provide maximal resistance. In order to provide visual
feedback, a mirror was placed in front of the subject so that
they can maintain a neutral pelvic and trunk position while
performing the hip movements. During the contraction, if
severe asymmetry was present, the subjects were allowed to
place both hands on a chair during the examination (Figure
1B).

GM eccentric contraction
Eccentric activation occurs as a muscle produces a pulling
force as it is being elongated by another more dominant
force [15].
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Figure 1. The start position on gluteus maximus (GM) contraction pattern. GM concentric contraction (A), GM isometric contraction (B),

GM eccentric contraction (C).

The starting position was in standing position with 90 de-
grees of knee flexion and hip full extension. One end of the
thera-band was fixated onto the leg of a table while the end
of the thera-band was attached above the knee of the domi-
nant lower extremity, providing resistance by pulling the
knee toward the front. During concentric contraction of the
GM, the thera-band was connected from between the subject
and a fixed point in order to be able to provide maximal re-
sistance (Subjects were to slowly perform hip flexion within
5 seconds to induce eccentric contraction of the GM.). In or-
der to provide visual feedback, a mirror was placed in front
of the subject so that they can maintain a neutral pelvic and
trunk position while performing the hip movements. During
the contraction, if severe asymmetry was present, the sub-
jects were allowed to place both hands on a chair during the
examination (Figure 1C).

Statistical analysis

For the general characteristics of the subjects including
age, height, and weight, a descriptive statistics was used to
obtain the mean and standard deviation. In order to compare
the muscle activity of the multifidus, external oblique, and
GM muscles according to the different contraction patterns
of the GM, the repeated measures ANOVA was used, and in
order to compare the muscle activity of bilateral multifidus,
bilateral external oblique, and GM muscle according to the
different contraction patterns of the gluteus maximus, the
MANOVA was used. The data was analyzed using the
PASW ver. 18.0 (IBM Co., Armonk, NY, USA) and the sig-
nificance level was set at @ =0.05.

Results

There was no significant difference in bilateral multifidus
and external oblique muscle activation according to GM
concentric, isometric, and eccentric muscle contraction
(p>0.05). However, the muscle activity of the multifidus
muscle was the greatest during GM concentric contraction,
and the muscle activity of the external oblique was the great-
est during GM eccentric contraction (Table 3).

There was no significant difference in bilateral multifidus
and external oblique muscle activation during the different
gluteus maximus muscle contraction patterns (p>0.05),
there was the greatest amount of muscle activity in the domi-
nant side multifidus during all types of contractions of the
gluteus maximus (Table 3, Figure 2).

Discussion

Spinal segmental instability may possibly cause func-
tional limitations, postural abnormality, sprains, localized
pain, and referred pain. Excessive movement of the spinal
segment results in producing a sense of decreased stability
and decreased movement, and the ability to maintain a nor-
mal posture and provide postural support during functional
activities disappears [20]. Patients use their neuromuscular
system in order to effectively stabilize the core, which al-
lows for a coordinated local and global muscles contractions
of various muscles, which can affect the pelvic, hip, and spi-
nal positions. The literature has reported that local muscles
can effectively provide lumbar segmental stabilization [21].
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Table 3. Multifidus and external oblique muscle activation according to gluteus maximus contraction patterns (N=20)
Gluteus maximus contraction Concentric Isometric Eccentric p

Gluteus maximus (%yMVIC)  Dominant 31.6 (17.0) 34.5(18.1) 35.1(17.2) 0.811

External oblique (%MVIC) Non-dominant 25.7(13.4) 27.3(14.2) 30.3 (12.2) 0.833
Dominant 31.9 (16.6) 33.4(13.7) 34.1(20.8) 0.856

Multifidus (%6 MVIC) Non-dominant 342 (13.1) 31.0 (13.3) 32.1(14.2) 0.969
Dominant 38.1(22.4) 34.8 (15.4) 35.2(15.2) 0.824

Values are presented as mean (SD).

MVIC: maximal voluntary isometric contraction.
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Figure 2. Multifidus and external oblique muscle activation according to gluteus maximus contraction patterns. MVIC: maximal volun-
tary isometric contraction, Lt.: non-dominant, MF: multifidus, Rt.: dominant, EO: external oblique, GM: gluteus maximus.

Therefore, mobilizing local muscle tension and contraction
is the latest rehabilitation and training methods compared to
the previous programs focused on global muscle contraction
[20].

This study evaluated the effects of different GM muscle
contractions on the multifidus and external oblique muscle
in twenty university students in their twenties in order to de-
velop an effective spine stability exercise.

The study hypothesis was that during the muscle con-
tractions in our body, and compared with eccentric con-
traction, the neurological activity would be less than the iso-
metric, or concentric contractions, and that although less en-
ergy would be consumed, there would be an effective ad-
vantage in strength enhancement [22], and by the GM ec-
centric contraction, there would be a significant difference
in muscle activation. The study results showed that although
there was no significant difference in the muscle activity of
the multifidus and external oblique according to the differ-
ent types of contractions of the GM, the muscle activity of
bilateral multifidus was the greatest during GM concentric
contraction, and the muscle activity of bilateral external ob-
lique was the greatest during GM eccentric contraction

(p>0.05). These results are in relation to the findings of
Westing et al. [23] which includes the measured joint angle
during maximum eccentric strength, and that although iso-
metric strength is lower than eccentric strength in general,
the fact that isometric strength may exceed eccentric
strength is similar in content with this study. This is because
during movement, it is difficult to maintain a high level of
eccentric activity, and that nerve inhibition may occur dur-
ing maximum eccentric activity [23]. Linnamo [24] stated
that due to repeated eccentric activity damage to the struc-
tural muscles and delayed onset of muscle soreness occurs,
and the recovery time for eccentric exercises is longer than
concentric exercise, and this may be due to the frequency of
repeated movements. Souza et al. [25], who is a researcher
on the study of muscle activation according to stabilization
exercises, did a study to find the muscle activation of the rec-
tus abdominus, external oblique, and internal oblique during
the performance of upper and lower extremity exercises in a
neutral supine or quadruped position. They have found that,
despite the exercise intensity, the ability to rotate the low
back was prevented while lifting the lower extremity, the
lumbar spine area will provide support in order to maintain
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a neutral spine position, and that the rectus abdominus sig-
nificantly contributes to providing lumbar stabilization.

This study examined the effect of different types of GM
muscle contractions on the GM, bilateral multifidus, and bi-
lateral external oblique muscle activity and found that there
was the greatest amount of activity in the dominant multi-
fidus muscle during concentric contraction of the GM
(p>0.05). Choi et al. [26] reported that the intensity used for
strengthening the low back muscles was 25% MVIC, and
that since the multifidus is composed of type 1 fibers, rather
than a high intensity, a low intensity of 30%-40% MVIC
should be used. The decreased amount of contraction in bi-
lateral multifidus was because rather than the type 1 fibers
that provide high resistance, there is a high amount of con-
traction from the fiber types that provide low resistance.

The multifidus is the largest muscle found around the low
back, and as a muscle on the medial side, it is composed of
five layers. Functionally, through its contraction, it assists to
maintain trunk extension and maintains lumbar lordosis, and
therefore, prevents unwanted contralateral rotation protects
the intervertebral discs, thus playing an important role in
providing spinal stability [26]. In addition, the multifidus is
short in length and has an important role in providing a fast
reaction time, which enables the maintenance of stability
[27].

Although it is a short period of time within 24 hours after
a back injury, atrophy of the multifidus can be seen in the
lowback pain area [28]. This effect is seen as a result of mus-
cle inhibition. After the first symptoms of acute low back
pain appears, the function and cross-section of the multi-
fidus cannot be recover without a treatment specified and
targeted at this muscle [28].

Therefore, Richardson et al. [29] stated that for lumbar
stabilization, the contractions of the global muscles, such as
the rectus abdominus and erector spinae, must be mini-
mized, and contractions of the local muscles, such as the
multifidus and transverse abdominus, must be increased.

The study had a few limitations. First, due to the small
sample size, it would be difficult to make any general-
izations according to the study results. Second, it was diffi-
cult to maintain the GM contraction patterns and it was diffi-
cult to collect objective data on the precise muscle con-
traction patterns. Third, the study had healthy subjects per-
forming contractions to produce spinal stability and since
the central low back and pelvic muscles were not included in
the study, it is difficult to find a comprehensive effect of spi-
nal stability exercise position. Future studies warrant the use

of not only elastic resistance bands, but medicine ball, body
blade as well, and include actual subjects with low back pain
in order to develop an effective spinal stabilization exercise
program.

The purpose of the study was to compare the muscle ac-
tivity of the multifidus and external oblique muscles accord-
ing to the concentric, isometric, and eccentric contractions
of the GM in twenty healthy subjects to develop lumbar sta-
bilization exercises. As a result, this study suggest that spe-
cific contraction type of the GM doesn’t lead more effective
activation in multifidus, external oblique abdominis, and GM.
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