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Hip and Core Muscle Activation During
High-Load Core Stabilization Exercises

Zohre Khosrokiani," Amir Letafatkar, PhD,*"2) Bahram Sheikhi,
Abbey C. Thomas, PhD, ATC,* Peyman Aghaie-ataabadi,” and Mohamad-Taghi Hedayati, PhD, MD$

Background: There is some evidence that high-load lumbar stabilization exercises, such as back bridge, can recruit both
local and global muscles.

Hypothesis: Therapeutic exercises would optimize gluteus maximus (GMax), gluteus medius (GMed), multifidus (MF), and
transversus abdominis (TrA) activation, while minimizing the activation of the tensor fascia latae (TFL) and erector spinae
(ES) muscles in healthy individuals.

Design: Cross-sectional study.
Setting: Research laboratory.
Level of Evidence: Level 4.

Methods: In this cross-sectional study, surface electromyography (EMG) of GMax, GMed, TFL, TrA, MF, and ES was used
to quantify the gluteal-to-TFL muscle activation (GTA) index and a ratio of local to global (I/G) lumbar muscles during (1)
the elbow-toe exercise in the prone position, (2) the elbow-toe with right left lifted, (3) the hand-knee with left arm and
right leg lifted, (4) the back bridge, (5) the back bridge with right leg lifted, (6) the back bridge with left leg lifted, (7) the
side bridge with left leg lifted, (8) the side bridge with right leg lifted, and (9) the elbow-toe with right leg horizontally lifted
exercises in healthy individuals (20 men, 20 women; age, 25 + 4 years).

Results: The back bridge exercise with left leg lift generated the highest L/G muscles activity ratio (L/G = 3.35) while the
hand-knee exercise yielded the lowest L/G muscles activity ratio (L/G = 1.21). The side bridge exercise with left elbow and
foot and lifting the right leg (GTA = 63.78), hand-knee exercise (GTA = 49.62), back bridge (GTA = 28.05), and elbow-toe
exercise with left leg horizontally lifted (GTA = 23.02) generated the highest GTA indices, respectively. Meanwhile, the
normalized EMG amplitude for GMax was significantly less than the TFL, for elbow-toe exercise (P < 0.001), back bridge
with left leg lift (P = 0.001), side bridge exercise with the right elbow and foot and lifting the left leg (P = 0.002), and elbow-
toe exercise with right leg horizontally lifted (P < 0.001).

Conclusion: The highest GTA indexes were observed during (1) the side bridge lifting the dominant leg and (2) the
hand-knee horizontally lifting dominant leg, respectively. The L/G ratio was highest during (1) the back bridge lifting
nondominant leg, (2) back bridge, and (3) back bridge lifting dominant leg, respectively. This study supports the use of
back bridge exercises to strengthen the MF and side bridges to improve gluteal muscle activation.

Clinical Relevance: The highest GTA index was observed in the side bridge lifting the right leg. Highest 1/G ratio was
in the back bridge with nondominant leg lifted. This study supports the use of back bridge exercises to strengthen the MF.
This study supports the use of side bridges to improve gluteal muscle activation.

Keywords: gluteal-to-tensor fascia latae activation (GTA) index; local/global (I/G) ratio; core stabilization exercise; healthy
individual
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‘ he term “core” refers to muscles that provide dynamic
stability to the lumbo-pelvic-hip region.”” According to

Panjabi’s proposed model, the integration of 3
subsystems—(1) the active subsystem (muscles), (2) the passive
subsystem (joints and soft tissue), and (3) the neural subsystem
(neural conduction)—is required during daily activity to ensure
a safe range of motion in the vertebral column.” In other
words, trunk and hip muscle endurance and strength are
essential to maintain spinal and pelvic neutral alignment.

To control movements and the position of the spine in all
directions, proper activation of the deep stabilizers such as
multifidus (MF) and transversus abdominis (TrA) is critical."
Global (such as erector spinae [ES]) and local muscles (such as
MF and TrA) of the trunk have the synergistic relation in the
stability system and are important in any prevention and
rehabilitation exercise program.

The role of MF as a dynamic stabilizer of the trunk is less
sensitive even when the load of tasks or movements is
changed.** In contrast to MF, ES could produce torque to
stabilize the trunk.®” When a task is low load, more superficial
muscles with more fast twitch fibers are recruited.”’ However,
by increasing the load of the task, which requires greater force
production with longer duration of activation, the demand on
both local and global muscles is emphasized to stabilize the
spine.”’ Also, the lumbar paraspinal muscular strength and
endurance are necessary to control the lumbo-pelvic-hip
complex™! before any movement of the lower extremity in
healthy individuals." However, the detrained lumbar paraspinal
muscles impede the ability of the individual to transfer deep
stabilization to the pelvis/hip, which deconditions the hip
extensors.”’ Lumbo-pelvic region strength and postural stability
in healthy individuals could be improved through training the
lumbar paraspinal muscles.”

At the hip joint, the gluteus maximus (GMax) and gluteus
minimus are mobilizers and the gluteus medius (GMed) is
normally a stabilizer.' Unfortunately, gluteal muscular
dysfunction impairs core stability. For example, when GMax
activation is impaired,”" the tensor fascia latae (TFL) would act
as a prime mover.”> An overactive or tight TFL internally rotates
the hip leading to rotation of the pelvis.*' This, in turn, causes
abnormal alignment of lumbar spine and hip joint, producing
lumbopelvic pain.*' Also, delayed activation and possible
weakness of GMax with early recruitment and possible over
activity in ES may cause chronic low back pain.>”

Since both local (deep) and global (superficial) lumbar
muscles contribute to maintaining lumbar stability, examining
the ratio of the local to global (I/G) muscle activity could give
more complete understanding of the muscular contribution to
core stability.” Previous studies analyzed the relative ratio of the
L/G muscle activity during performance of single tasks like
abdominal drawing.**** They reported training the
co-contraction between the deep abdominal and lumbar MF
could significantly increase the relative ratio of the internal
oblique to the rectus abdominis.** Also, a study analyzed the

41,43

relative L/G ratio of the lumbar to thoracic ES muscular activity
during isometric contractions in activities like flexion, extension,
and lateral flexion from a semiseated position in an apparatus
and estimated moment contributions were greater in the
patients than in the control subjects.”

In addition to the L/G ratio, previous researchers advocated
for a gluteal-to-TFL muscle activation (GTA) index, where
higher values indicate greater activation of GMax and GMed
relative to TFL.> This index determines which exercises target
gluteal activation while minimizing TFL activation to prevent
abnormal hip kinematics (excessive abduction and internal
rotation).” They recommended the clam, side step, the
unilateral bridge, and quadruped hip extension exercises could
be used to preferentially activate the gluteal muscles over TFL.*

In other research, Bishop et al' determined GTA and compared
electromyographic (EMG) muscle activation of GMax, GMed,
and TFL while performing commonly prescribed exercises
designed to target the GMax and GMed with and without elastic
resistance.” They reported Clam exercises could optimally
activate gluteal muscles while minimizing the TFL activation.”

Given the variety of core stabilization exercises that exist and
the understood importance of maintaining lumbo-pelvic-hip
stability, this study investigated which therapeutic exercises
would optimize the activation of GMax, GMed, MF, and TrA
while minimizing the activation of TFL and ES muscles
in healthy individuals using the GTA index and the relative L/G
ratio.

METHODS

Forty healthy, physically active adults (20 men, 20 women; mean
+ 8D, age, 25 + 4 years; height, 170 £ 8 cm; mass, 70 + 14 kg)
were invited to the study via flyers displayed both on and off
the university campus in October and November 2018. Healthy
participants (18-35 years) were free from low back pain and
neurological disorders and reported no hip, back, or lower
extremity injuries or surgery within the 3 previous years.*’ All
participants who were physically active (4 hours per week, by
using Baecke questionnaire' during the 6 months before the
study) were examined by a physician to confirm they met the
inclusion and exclusion criteria. All participants were right leg
dominant based on the leg with which they would kick a ball.

All data collection was performed in a university research
laboratory by an expert in surface EMG with 5 years of
experience. Details of the study were explained and all
participants provided written informed consent before
enrollment. This study was performed in accordance with the
1964 Helsinki declaration, its later amendments, and local ethics
committee. This study was approved by Department of
Biomechanics and Sports Injuries at Kharazmi University.

Before exercise performance, participants were outfitted with
8 surface EMG electrodes (Noraxon Myosystem 1400A, Noraxon
USA, Inc) to quantify the activation of the dominant GMax,
GMed, TFL, and TrA, and bilateral MF and ES muscles.
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Selected Therapeutic Exercises

Participants performed the following exercises in a randomized
order to minimize the influence of fatigue: (1) the elbow-toe
exercise in the prone position, (2) the elbow-toe with right left
lifted, (3) the hand-knee with left arm and right leg lifted, (4)
the back bridge, (5) the back bridge with right leg lifted, (6) the
back bridge with left leg lifted, (7) the side bridge with left leg
lifted, (8) the side bridge with right leg lifted, and (9) the
elbow-toe with right leg horizontally lift>”'***%* The exercises
selected are commonly prescribed for treating painful
conditions of the back.*”'*"** Exercise positions are provided
in Appendix 1 (available in the online version of this article).

Through all exercises, subjects were encouraged to maintain
their spine and pelvis in neutral alignment while breathing
normallyAZ(’ The neutral alignment was taught to the subjects by
a physiotherapist. Neutral alignment feedback during the tests
was provided by the physiotherapist. Once the neutral spine
position was reached, the exercise position was held for 3
seconds. If the participants lost their neutral alignment, the test
was stopped and form was corrected. Each subject performed
the exercises three times before the EMG test for familiarization.
Subjects were permitted 30-second rest between each exercise
to minimize the effect of fatigue.

Surface EMG

After gentle local abrasion using medical abrasive paste (Everi,
Spes Medica) and cleaning the skin with alcohol, pairs of
disposable Ag/AgCl surface electrodes were attached bilaterally
over the ES and ME. Also, electrodes were placed unilaterally on
the TrA, GMax, GMed, and TFL. The interelectrode space
between recording electrodes was 3 cm, and each electrode had
an approximately 1-cm pickup area."* Electrode placement is
provided in Appendix 2 (available online).

EMG data were sampled at 1500 Hz. Signals were smoothed,
rectified, and analyzed using a root-mean-square algorithm of
100 ms to determine the peak activation for each muscle. EMG
data were normalized to maximum voluntary isometric
contraction (MVIC; percentage of maximal EMG amplitude
[%EMG]) and averaged across trials for each muscle and
exercise.

A ratio of lumbar L/G was used to express recruitment
patterns of MF and ES as deep stabilizing to superficial trunk
muscles. %% For the recruitment pattern of GMax, GMed,
and TFL, a GTA index that combines activation of the GMax and
GMed muscles compared with the TFL during each of exercises
was used ({[(GMed/TFL) x GMed) + [(SUP-GMax/TFL) x
SUP-GMaxl}/2). Higher GTA index values indicate greater
activation of the GMax and GMed relative to the TFL.*"*

Statistical Analysis

A 3-way analysis of variance (ANOVA) (sex by exercise by
muscle) revealed that there was no difference in muscle
activation in various exercises and muscles between men and
women. As a consequence, data from both sexes were
combined for all analyses and exercise by muscle ANOVAs was

performed. Similarly, for the L/G ratio (MF/ES), the signal from
each muscle of each side was averaged into 1 value to represent
the muscle group bilaterally. One-way repeated-measures
ANOVAs were used to determine if there were differences in
muscle activation while performing each of the 9 exercises. Post
hoc analyses for each muscle using Bonferroni adjustments
were performed. Finally, for difference between each of the
gluteal muscles and the TFL within each exercise, specific
paired comparisons among the (GMed and TFL) (GMax and
TFL) muscles were planned a priori. Statistical significance was
set a priori at 0.05. All data were analyzed using SPSS (Version
16.0; SPSS Inc).

RESULTS
Individual Muscle Activity

Table 1 and Figures 1 to 6 provide the normalized mean EMG
amplitudes of MF, ES, TrA, GMax, GMed, and TFL muscles for
each exercise. For the MF, the left MF was more active than the
right during the elbow-toe exercise with the left leg horizontally
lifted (30% MVIC, P = 0.02), the hand-knee exercise (27.8%, P =
0.001), and the side bridge on the left (111.9%, P < 0.001). The
left MF was more active than the right during the side bridge on
the left elbow (70.9%, P < 0.001).

There was a statistically significant side to side difference in ES
muscle activation for the hand-knee exercise (P = 0.02) and
both side bridge exercises (P < 0.001). For left ES, side bridge
exercise with left elbow and foot and lifting the right leg to
reach a horizontal position exercise produced the highest
activity level (35.27%). For right ES; side bridge exercise with
right elbow and foot and lifting the left leg to reach a horizontal
position exercise produced the highest activity level (33.81%).

TrA demonstrated a main effect of exercise, with elbow-toe
exercise with left leg horizontally lifted producing significantly
more activity (48.76%) compared with all exercises (P < 0.001)
except for the side bridge exercise with the right elbow and
foot and lifting the left leg (P> 0.05) and elbow-toe exercise
with right leg horizontally lifted (P > 0.05).

For GMax, there was a main effect of exercise, with the side
bridge exercise with left elbow and foot and lifting the right leg
producing greater activity (35.80%) compared with the other
exercises except for the hand-knee exercise (P < 0.05).

GMed demonstrated a main effect of exercise, with the side
bridge exercise with left elbow and foot and lifting the right leg
producing greater activity (46.27%) compared with all other
exercises (P < 0.05).

TFL demonstrated an exercise main effect, with side bridge
exercise with left elbow and foot and lifting the right leg producing
the highest activity level (38.08%) of all exercises (P < 0.05).

Preplanned Comparisons

The normalized EMG amplitude for GMax was significantly less
than the TFL, for elbow-toe exercise (P < 0.001), back bridge
with left leg lift (P = 0.001), side bridge exercise with the right
elbow and foot and lifting the left leg to reach a horizontal
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B Elbow-toe exercise ® Elbow-toe exercise

¥ Elbow-toe exercise with left leg horizontally lifted = Elbow-toe exercise with left leg horizontally lifted

® Hand-knee exercise with left arm and right leg horizontally lifted = Hand-knee exercise with left arm and right leg horizontally lifted
Back bridge Back bridge

= Back bridge with right leg lift = Back bridge with right leg lift

B Back bridge with left leg lift = Back bridge with left leg lift

mSide brid ise with the right elbow and foot and lifting the left leg to reach a horizontal positi
W Side bridge exercise with the right elbow and foot and lifting the left leg to reach a horizontal position 1de bridge excrcise with the right eloow anc oot and fting the feft feg fo reach a horizonta’ position
mSide bridge exercise with the left elbow and foot and lifting the right leg to reach a horizontal position
B Side bridge exercise with the left elbow and foot and lifting the right leg to reach a horizontal position

B Elbow-toe exercise with right leg horizontally lifted
B Elbow-toe exercise with right leg horizontally lifted

Figure 1. Electromyographic (EMG) signal amplitudes (mean Figure 3. Electromyographic (EMG) signal amplitudes (mean
+ SD) of the multifidus (MF). *Indicates significant side-to- + SD) of the transverse abdominis. *Exercise with the highest
side difference in activation (P < 0.05). findicates exercise activity level compared with all exercises except for the side
with the highest activity level for the average of right and left bridge exercise with the right elbow and foot and lifting the
MF. MVIC, maximum voluntary isometric contraction. left leg and elbow-toe exercise with right leg horizontally

lifted. MVIC, maximum voluntary isometric contraction.
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B Hand-knee exercise with left arm and right leg horizontally lifted
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Back bridge = Back bridge with left leg lift

® Back bridge with right leg lift m Side bridge exercise with the right elbow and foot and lifting the left leg to reach a horizontal position

® Back bridge with left leg lift ® Side bridge exercise with the left elbow and foot and lifting the right leg to reach a horizontal position

W Side bridge exercise with the right elbow and foot and lifting the left leg to reach a horizontal position ® Elbow-toe exercise with right leg horizontally lifted

B Side bridge exercise with the left elbow and foot and lifting the right leg to reach a hotizontal position Figure 4. Electromyographic (EMG) signal amplitudes (mean

= Elbow-toc exercise with right leg horizontally lifted + SD) of the tensor fasciae latae. *Highest activity level of all
Figure 2. Electromyographic (EMG) signal amplitudes (mean exercises. MVIC, maximum voluntary isometric contraction.

+ SD) of the erector spinae (ES). *The overall side-to-side
difference was significant (significant level at 0.05). *Exercise
with the highest activity level for the average of right and left position (P = 0.002), and elbow-toe exercise with right leg

ES. MVIC, maximum voluntary isometric contraction. horizontally lifted (P < 0.001). For hand-knee with left arm and
right leg horizontally lifted exercise and back bridge, GMax had
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Gluteus Medius

EMG Amplitudes (%MVIC)

® Elbow-toe exercise
= Elbow-toe exercise with left leg horizontally lifted
= Hand-knee exercise with left arm and right leg horizontally lifted
Back bridge
 Back bridge with right leg lift
' Back bridge with left leg lift
u Side bridge exercise with the right elbow and foot and lifting the left leg to reach a horizontal position
= Side bridge exercise with the left elbow and foot and lifting the right leg to reach a horizontal position

= Elbow-toe exercise with right leg horizontally lified

Figure 5. Electromyographic (EMG) signal amplitudes (mean
+ SD) of the gluteus medius. *Highest activity level of all
exercises. MVIC, maximum voluntary isometric contraction.

significantly higher normalized EMG amplitudes than the TFL
(P < 0.05). For back bridge, the contrast tests revealed that the
normalized EMG amplitude for GMed was significantly different
from the TFL (P = 0.001).

L/G Muscle Ratio

Table 2 displays the /G muscles activity ratio (MF to ES) and
the relative rank of this index during the 9 exercises studied.
The back bridge exercise with left leg lift generated the highest
L/G muscles activity ratio (I/G = 3.35) while the hand-knee
exercise yielded the lowest L/G muscles activity ratio (L/G =
1.21). The L/G ratio for other exercises was as follows: 2.76 for
back bridge, 2.74 for back bridge with right leg lift, 2.66 for
elbow-toe exercise with right leg horizontally lifted, 2.55 for
side bridge exercise with the right elbow and foot and lifting
the left leg to reach a horizontal position, 2.08 for elbow-toe
exercise, 1.63 for side bridge exercise with the left elbow and
foot and lifting the right leg to reach a horizontal position, and
1.49 for elbow-toe exercise with left leg horizontally lifted.

GTA Index

Table 3 displays the GTA index and the relative rank of this index
during the 9 exercises studied. The side bridge exercise with left
elbow and foot and lifting the right leg (63.78), hand knee
exercise (49.62), back bridge (28.05), and elbow toe exercise with
left leg horizontally lifted (20.96) generated the highest GTA
indices, respectively. GTA index for other exercises was as follows:
20.42 for side bridge exercise with the right elbow and foot and
lifting the left, 19.07 for back bridge with right leg lift, 8.88 for
back bridge with left leg lift, and 6.85 for elbow-toe exercise.

Gluteus Maximus

EMG Amplitudes (%MVIC)

B Elbow-toe excrcise
= Elbow-toe exercise with left leg horizontally lifted
' Hand-knee exercise with left arm and right leg horizontally lifted
Back bridge
' Back bridge with right leg lift
= Back bridge with left leg lift
= Side bridge exercise with the right elbow and foot and lifting the left leg to reach a horizontal position
B Side bridge exercise with the left elbow and foot and lifting the right leg to reach a horizontal position

m Elbow-toe exercise with right leg horizontally lifted

Figure 6. Electromyographic (EMG) signal amplitudes (mean +
SD) of the gluteus maximus. *Exercise with the highest activity
level compared with the other exercises except for the hand-
knee exercise. MVIC, maximum voluntary isometric contraction.

DISCUSSION

This study examined the relative L/G ratio of the lumbar muscle
activity as well as the GTA index in healthy individuals during
the selected core stabilization exercises. Considering EMG data,
the L/G ratio of the lumbar and the GTA index might clarify
which exercises could increase muscular strength or endurance
which are required in daily activities. Using EMG signal
amplitude as a general guideline to force production of an
exercise, Ekstrom et al'” have reported isometric contractions
could intensify activation of the intended muscles. Based on the
data, the highest L/G ratio was during back bridge exercises.
The back bridge with the left leg lifted had the highest ratio,
followed by back bridge and back bridge with lifted right leg.
Collectively, these data suggest a high level of MF activation
during lumbar extension and stabilization exercises. This finding
has been reported previously."” Moseley et al” have reported
that the superficial and deep MF contributed to the control of
the spine orientation and the intersegmental motion
respectively. Okubo et al** and Ekstrom et al’ reported high
activity of MF and ES muscles during the elbow-toe, hand-knee,
back bridge, side bridge, and curl-up exercises, but they did not
measure the relative /G ratio. Consistent with our study,
Stevens et al’* also reported that the coactivation between MF
and ES could occur during the back bridge exercises to stabilize
the spine. Distefano et al® also suggested that the elbow-toe
exercise with right leg horizontally lifted yields substantial MF
relative to ES activity; this finding was supported by our data.
The lumbar stabilization exercises mainly target the local
muscles”; however, there is some evidence that the high-load
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Table 2. Ordering of exercises by the ratio of local to global (L/G ratio) muscles activity (multifidus to erector spinae)

Exercise L/G Ratio

Back bridge with left leg lift 3835
Back bridge 2.76
Back bridge with right leg lift 2.74
Elbow-toe exercise with right leg horizontally lifted 2.66
Side bridge exercise with the right elbow and foot and lifting the left leg to reach a horizontal position 2.55
Elbow-toe exercise 2.08
Side bridge exercise with the left elbow and foot and lifting the right leg to reach a horizontal position 1.63
Elbow-toe exercise with left leg horizontally lifted 1.49
Hand-knee exercise with left arm and right leg horizontally lifted 1.21

Table 3. Ordering of exercises by gluteal-to-tensor fascia latae muscle activation (GTA) index

Exercise GTA Index?

Side bridge exercise with the left elbow and foot and lifting the right leg to reach a horizontal position 63.78
Hand-knee exercise with left arm and right leg horizontally lifted 49.62
Back bridge 28.05
Elbow-toe exercise with left leg horizontally lifted 23.02
Elbow- toe exercise with right leg horizontally lifted 20.96
Side bridge exercise with the right elbow and foot and lifting the left leg to reach a horizontal position 20.42
Back bridge with right leg lift 19.07
Back bridge with left leg lift 8.88
Elbow-toe exercise 6.85

GMax, gluteus maximus; GMed, gluteus medius; TFL, tensor fascia latae.

9GTA index = {[(GMed/TFL) x GMed] + [(GMax/TFL) x GMax]/2} (Selkowitz et a/®).

lumbar stabilization exercises, such as bridge exercises, could
recruit both local and global muscles.”** MF as the local muscle
controls and ensures the spine curvature in sagittal and lateral
stiffness to maintain mechanical stability of the lumbar spine™
while ES as the global muscle produces torque to maintain
overall trunk alignment.” The muscles of the hip transfer the
loads of the tasks via the sacroiliac joint to the trunk and vice
versa.” If the difficulty of the tasks and the magnitude of their
loads are excessively beyond the tolerance of the hip muscles
and joints, they can result in pressure on the lumbar joints,
sacroiliac joint, pubic symphysis, and consequently functional
failure of the sacroliac joint and low back pain.”* Parr et al®

supported the clinical practice of these exercises to facilitate
recruitment of the gluteal muscles and an increased force
expressed for a given neural impulse.

In this study, the highest levels for the GTA index were
reported during the side bridge lifting the dominant leg, the
hand-knee with the dominant leg horizontally lift, and the back
bridge, respectively.

The back bridge with 1 leg horizontally lifted, and the side
bridge lifting with 1 leg are recommended as nonweightbearing
exercises to strengthen weak muscles in isolation due to pain,
swelling, reciprocal muscle inhibition, or synergistic
dominance.?
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For side bridge lifting, the dominant leg to reach a horizontal
position, there is no study reporting the GTA index. However,
during this exercise, Born et al’ indicated high-level activation
for both GMax and GMed. Considering the GTA index and the
level activation of GMax and GMed, the side bridge exercise
could be recommended for a progressive spinal stability
program for patients with hip weakness to gain strength.*"**

During the hand-knee with the dominant leg horizontally
lifted, this study observed a significant difference between
GMax and TEL activity. Bishop et al® reported the activation of
GMax and Gmed muscles more than that of TFL in this exercise,
but not significantly. Alongside the differences in methods
between the studies, the lack of consistency may contribute to
the lifting of the contralateral arm during the hand-knee
exercise with right leg horizontally lifted in this study making
GMax to activate more as a stabilizer and mover muscle.

Back bridge was rated as 3 related to the GTA index (28.05)
among the 9 exercises in this study. During this exercise, the
activations of GMax and GMed were low level, which were
significantly more than TFL activation, but not enough for
strengthening exercise."" Selkowitz et al** and Bishop et al*
indicated the GTA indices 32 and 41.49, respectively, while
demonstrating no significant activation between GMax, GMed,
and TFL muscles in the back bridge. Also, Ekstrom et al’
reported the back bridge activated GMax and GMed to
moderate level about 27% + 13% MVIC and 28 £ 17% MVIC,
respectively.”

Again, this difference in the reported levels of GMax and
GMed activations in the aforementioned exercises may be due
to the way the exercises were performed during testing. In the
current study, muscle activation was assessed isometrically,
whereas Selkowitz et al** and Ekstrom et al’ captured concentric
and eccentric muscle activity. To support the data of this study,
it should be noted that the bridge with a straight leg lifted may
result in more hamstring than GMax activation. Therefore, when
the aim of the treatment is to increase GMax activation, it is
recommended to flex the knee of the lifted leg encourage active
insufficiency in the hamstring and increase GMax activity. "’

Elbow-toe exercise was ranked 9 related to the GTA index
between 9 exercises with low-level activation for GMax and
GMed. The activation level reported by Bishop et al* and
Selkowitz et al** was medium for GMax and GMed during this
exercise.

Although the values of GMax and GMed muscles during the 9
exercises were reported low to medium level, except the high
level for GMed during side bridge exercise with the left elbow
and foot and lifting the right leg, these exercises could train
GMax and GMed muscles to stabilize the lumbopelvic during
early phase of core stabilization exercises, while minimizing the
activation of other agonists, antagonists, and/or synergists.

Limitations

There are limitations in this study that affect the results. To our
knowledge, there is no concurrently calculated GTA index and
L/G ratio of the trunk for the selected high-loaded core

stabilization exercises. Because of the lack of evidence, it is
difficult to compare some findings of this study regarding the
GTA index in the mentioned exercises with those of the existing
literature. Also, because all the exercises tested in this study and
previous studies are not the same, the ranking order of GTA
could not be compared with another study. Although EMG data
are widely accepted, the data may be affected by cross talk
from adjacent muscles. Moreover, in this study, the data were
gathered from exercises performed only by healthy individuals
with no history of musculoskeletal pain. In this way, we cannot
generalize findings to the patient with back or any
musculoskeletal pain. Also, because the device used in this
study was an 8-channel EMG system, the activation of the
superficial abdominal muscles was not gathered.

CONCLUSION

Presently, the highest GTA index was observed during the side
bridge exercise lifting the dominant leg and the hand-knee
exercise with dominant leg horizontally lifted while L/G ratio
was greatest during all back bridge exercises. Collectively, these
findings suggest that back bridge exercises could strength the
MF and side bridges could be used to activating the gluteal
muscles over TFL.
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