
TRUNK MUSCLE ACTIVITY DURING STABILITY BALL

AND FREE WEIGHT EXERCISES

JAMES L. NUZZO, GRANT O. MCCAULLEY, PRUE CORMIE, MICHAEL J. CAVILL,

AND JEFFREY M. MCBRIDE

Neuromuscular Laboratory, Department of Health, Leisure & Exercise Science, Appalachian State University, Boone,
North Carolina

ABSTRACT

The purpose of this investigation was to compare trunk mus-

cle activity during stability ball and free weight exercises. Nine

resistance-trained men participated in one testing session in

which squats (SQ) and deadlifts (DL) were completed with

loads of approximately 50, 70, 90, and 100% of one-repetition

maximum (1RM). Isometric contractions during 3 stability ball

exercises (quadruped (QP), pelvic thrust (PT), ball back exten-

sion (BE)) were also completed. During all exercises, average

integrated electromyography (IEMG) from the rectus abdom-

inus (RA), external oblique (EO), longissimus (L1) and multi-

fidus (L5) was collected and analyzed. Results demonstrate

that when expressed relative to 100% DL 1RM, muscle activity

was 19.5 6 14.8% for L1 and 30.2 6 19.3% for L5 during QP,

31.4 6 13.4% for L1 and 37.6 6 12.4% for L5 during PT, and

44.26 22.8% for L1 and 45.56 21.6% for L5 during BE. IEMG

of L1 during SQ and DL at 90 and 100% 1RM, and relative mus-

cle activity of L5 during SQ and DL at 100% 1RM was sig-

nificantly greater (P # 0.05) than in the stability ball exercises.

Furthermore, relative muscle activity of L1 during DL at 50 and

70% 1RM was significantly greater than in QP and PT. No sig-

nificant differences were observed in RA and EO during any of

the exercises. In conclusion, activity of the trunk muscles during

SQs and DLs is greater or equal to that which is produced during

the stability ball exercises. It appears that stability ball exercises

may not provide a sufficient stimulus for increasing muscular

strength or hypertrophy; consequently, the role of stability ball

exercises in strength and conditioning programs is questioned.

SQs and DLs are recommended for increasing strength and

hypertrophy of the back extensors.
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INTRODUCTION

S
tability ball exercises have recently been recom-
mended for inclusion into training programs aimed
at stimulating the trunk muscles (7,9,15,30). These
exercises have been considered for improving trunk

muscle strength (7,15,32) and athletic performance (7).
Structural free weight exercises, such as the back squat (SQ)
and conventional deadlift (DL), have been shown to activate
the trunk muscles (3,14,33) and have improved variables of
athletic performance when included in training programs
(6,8,16–18,22,26,27). Trunk muscle activity during stability
ball exercises (4,5,13,20,21,24,27,31), the SQ (3,33), and DL
(14) has been examined in separate investigations; however,
a comparison of muscle activity between stability ball
exercises and the SQ and DL has not yet been attempted
within the context of a single investigation.

Numerous studies have examined stability ball exercises
which are specifically designed to stimulate activity of the
back extensor muscles (4,5,13,20,21,24,27,31). When back
extensor electromyography (EMG) during stability ball
exercises is expressed relative to back extensor EMG during
a maximal voluntary contraction (MVC), researchers have
reported values ranging from 5 to 60% (4,5,13,20,21,24,27,31).
Marshal et al. (21) reported that muscle activity during the
quadruped exercise (QP) was 31.7% of MVC when measured
from the L5 vertebrae, and Souza et al. (27) reported that
during the same exercise, muscle activity was 19.9% of MVC
when measured from the L3 vertebrae. The stability ball
pelvic thrust exercise (PT) has also been studied and has been
found to stimulate muscle activity of 24.0% (31), 40.8% (24),
and 60.0% (3) of MVC when measured from the L5
vertebrae, while Lehman et al. (20) reported 5.0% from the
L3 vertebrae and Mori et al. (24) reported 16.2% from the T9
vertebrae. Additionally, the stability ball back extension (BE)
has been studied by Drake et al. (13) and it was discovered
that muscle activity was 36.7% of MVC at the L5 vertebrae,
40.7% at the L3 vertebrae, and 50.0% at the T9 vertebrae.

Previous investigations have also reported the amount
of muscle activity produced during variations of the SQ and
DL (1,3,12,14,33). During the concentric phase of SQs at 90%
of one-repetition maximum (1RM), it was reported that the
erector spinae at the L3–L4 level were stimulated at
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approximately 55.0% of peak EMG activity (33). When con-
sidering the DL, it was discovered that when lifting a load
equivalent to a 12RM, muscle activity was 32.0% of MVC
when measured from the L3 and T12 paraspinal muscles
(14). Additionally, other investigations have measured activity
of the paraspinal muscles during different lifting techniques
used in the workplace (1,12).

While previous investigations have reported the amount
of muscle activity produced during variations of either sta-
bility ball exercises, the SQ, or DL, no previous study has
compared these exercises within the context of a single inves-
tigation. Thus, the purpose of this study was to compare trunk
muscle activity during stability ball exercises to the muscle
activity which is produced during submaximal and maximal
SQs and DLs. This comparative data may provide a better
understanding for the use of stability ball exercises, SQs, and
DLs, in training programs designed to increase trunk muscle
strength or improve athletic performance.

METHODS

Experimental Approach to the Problem

Subjects participated in a single testing session in which
EMG activity of the rectus abdominus (RA), external oblique
(EO), longissimus (L1), and multifidus (L5) was measured
during a back extension MVC, three stability ball exercises
(QP, PT, BE), and submaximal and maximal SQs and DLs.
After a 5 minute warm-up on a cycle ergometer, subjects com-
pleted warm-up repetitions on a back extension apparatus
prior to completing a MVC. After an adequate rest period,
3 stability ball exercises were completed in a randomized
order. Two isometric repetitions of 3 seconds were completed
for each stability ball exercise. Then, the SQ and DL were
completed in a randomized order. Muscle activity was mea-
sured during the concentric phase of SQs and DLs using
submaximal (50, 70, and 90% of 1RM) and maximal (100%
of 1RM) loads. Adequate rest was provided between all sets
and exercises.

Subjects

Nine healthy, recreationally active male subjects (age: 23.786
1.86 years; height: 179.17 6 5.36 cm; mass: 86.33 6 9.73 kg;
% body fat: 12.36 6 3.98%; SQ 1RM: 154.17 6 30.10 kg;
DL1RM: 170.00 6 41.76 kg; SQ 1RM to body mass ratio:
1.78 6 0.23; DL 1RM to body mass ratio: 1.98 6 0.46) parti-
cipated in this investigation. Prior to testing, all subjects were
informed of the study procedures and were required to sign
an informed consent. Approval from the Appalachian State
University Institutional Review Board was obtained prior to
the start of the investigation.

Stability Ball Exercises

The QP, PT, and BE were performed with a 65 centimeter
stability ball. These exercises were completed in a randomized
order, and were utilized based on their ability to stimulate
the back extensor muscles in previous investigations (5,13,20,
21,24,27,31). For each exercise, two isometric repetitions

were performed and these repetitions were held for three
seconds. Repetitions and exercises were separated by a one
minute rest period.

Quadruped. During the start position for the QP, subjects
were positioned with the umbilicus over the center of the
stability ball and with feet and hands in contact with the
floor. After the test administrator’s verbal instruction, subjects
simultaneously raised their right leg and left arm so that
both limbs were parallel with the ground surface. The left leg
and right arm were to remain in contact with the floor during
the repetition.

Pelvic Thrust. For the PT, subjects started by lying in a
supine position on the floor. The subjects’ upper-body and
torso remained positioned on the floor while their heels
were positioned on top of the center of the stability ball. After
the test administrator’s verbal instruction, subjects pushed
into the ball with their heels so that only their shoulders
and head were in contact with the floor. During the exercise,
subjects were required to keep their feet positioned on the
ball so that their toes pointed upwards. Additionally, flexion
at the knees was not permitted.

Ball Back Extension. The BE required subjects to start in
a position in which the umbilicus was over the center of
the stability ball. Additionally, in the start position, the sub-
jects’ upper-body remained relaxed while lying on the ball,
and both feet were in contact with the floor. During the
exercise, both feet remained in contact with the floor but
the upper-body was raised from the ball as extension at the
lumbrosacral joint occurred. Both hands were placed behind
the head throughout the movement.

Squat and Deadlift

Muscle activity was measured during submaximal (50%,
70% and 90% of 1RM) and maximal (100% of 1RM) sets of
the SQ and DL. A 3 minute rest period was provided between
all sets and a 10 minute rest period was provided between
the SQ and DL. SQ repetitions were monitored and con-
sidered complete when a 70� knee angle was attained at the
end of the eccentric phase and when the following concen-
tric phase was completed. For the DL, all subjects utilized
a conventional lifting technique in which the feet were
shoulder-width apart. Additionally, subjects grasped the bar
just lateral to the legs with an alternating grip. DL repetitions
were monitored and considered complete when the subjects
attained full extension at the hip and knee joints after lifting
the load from the floor. Muscle activity was obtained from
the concentric phases of the lifts as determined by the kinetic
and kinematic data collected during each repetition.

Maximum Voluntary Contraction

A 3 second MVC back extension was performed on a standard
back extension apparatus following two warm-up repetitions
at a volitional 30 and 60% of maximal effort. Subjects were
positioned on the machine so that their knees were fully
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extended and so that a 135� angle between the femur segment
length and the upper-torso segment length was maintained.
A strap was securely placed around the subjects’ upper-chest
and connected to an adjustable chain. The chain was then
connected to a hook in the floor to ensure no movement at
the given angle.

Kinetic and Kinematic Data

Vertical ground reaction forces during all repetitions of
the SQ and DL were recorded using a force plate (AMTI,
BP6001200, Massachusetts, Watertown, USA). Furthermore,
kinematic data was recorded using two linear position trans-
ducers (LPT) (Celesco transducer products, PT5A-150,
Chatsworth, CA, USA). The two LPTs, located anterior and
posterior to the subject during the lifts, were attached to the
barbell. This resulted in the formation of a triangle which
allowed for the calculation of vertical and horizontal dis-
placements through trigonometry involving constants and
displacement measurements (11). Bar displacement and ver-
tical velocity were used to determine the concentric phase
for each lift. The concentric phase was determined from
the bar’s lowest and highest displacements and the points at
which the vertical velocity became greater than zero and
when the velocity returned to zero. Custom software created
using LabVIEW (National Instruments, Version 7.1, Texas,
Austin, USA) was used for recording and analyzing the data.

Electromyography

In order to determine muscle activity, surface EMG was
collected from L1 and L5 during all exercises. The skin was
shaved, abraded, and cleansed with alcohol prior to placing
a disposable bipolar surface electrode (Noraxon USA Inc.,
Scottsdale, Arizona, USA; 2 cm inter-electrode distance,
1 square cm circular conductive area) over the muscle. Place-
ment of the electrodes was based on a previous investigation
which measured muscle activity from L1 and L5 (19). The
myoelectric signal was transmitted through the use of a
telemetry transmitter (eight channel, twelve bit analog to
digital converter, Noraxon USA Inc., Scottsdale, Arizona,
USA). The amplified myoelectric signal, recorded during the
exercises, was detected by the receiver-amplifier (Telemyo

900, gain = 2000, differential input impedance = 10 MV,
bandwidth frequency 10–500 Hz, common mode rejection
ratio = 85 dB, Noraxon USA) and then sent to an A/D card
(National Instruments, NI PCI-6014, Austin, Texas, USA)
at 1000 Hz. The signal was full wave rectified and filtered
(six pole Butterworth, notch filter 60 Hz, band pass filter 10–
200 Hz). The integrated value (mV�s) was calculated and then
averaged to determine average integrated EMG (IEMG)
(mV) over the determined phase. A custom designed pro-
gram created in LabVIEW was used for recording and anal-
yzing the data. For the SQ and DL, muscle activity during
the concentric phase of the first repetition was analyzed.
The analysis for the stability exercises and MVC included
the EMG during the isometric contraction lasting approx-
imately 3000 ms.

Statistical Analyses

Data were analyzed with descriptive statistics, and results
were summarized as mean 6 standard deviation. A one-way
repeated measure of variance (ANOVA) was used to detect
any significant differences in muscle activity between the exer-
cises. The level of significance for all data was set at P # 0.05.
Typically, a statistical power greater than or equal to 0.80 is
considered acceptable. The variables found to be statistically
significant in this investigation had an average statistical
power of 0.96 (range = 0.69–1.00). All statistical analyses were
performed using SPSS Version 12.0 (SPSS Inc., Chicago, IL).

RESULTS

No significant differences were found for RA and EO during
the SQ and DL at any load when compared to the stability
ball exercises. The activity of both L1 and L5 was always
greater in SQs and DLs in comparison to the three stability
ball exercises. Average IEMG values for the back extensors
are reported in Tables 1 and 2. It was discovered that activity
of L1 and L5 was greatest during DL at 100% of 1RM. For
L1, DLs at 50, 70, 90 and 100% of 1RM and SQs at 70, 90
and 100% of 1RM were significantly greater (P # 0.05) than
QP; DLs at 70, 90 and 100% of 1RM and SQs at 70, 90 and
100% of 1RM were significantly greater than PT; DLs at

TABLE 1. IEMG (mV) during the deadlift (DL) and stability ball exercises. Values reported as mean 6 standard deviation.

Deadlift 100% Deadlift 90% Deadlift 70% Deadlift 50% Quadruped Pelvic thrust Ball back extension

Longissumus (L1)
0.43 6 0.11 0.38 6 0.11 0.31 6 0.11 0.27 6 0.09* 0.07 6 0.04† 0.13 6 0.05‡ 0.19 6 0.06§

Multifidus (L5)
0.31 6 0.18 0.27 6 0.13 0.22 6 0.12 0.24 6 0.12 0.08 6 0.05* 0.11 6 0.07* 0.10 6 0.05*

*Significant difference (P # 0.05) from DL 100%.
†Significant difference (P # 0.05) from DL 50, 70, 90, and 100%.
‡Significant difference (P # 0.05) from DL 70, 90, and 100%.
§Significant difference (P # 0.05) from DL 90 and 100%.
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90 and 100% of 1RM and SQs at 90 and 100% 1RM were
significantly greater than BE. For L5, DLs and SQs at 100%
were significantly greater than QP, while DLs at 100% 1RM
were significantly greater than PT and BE.

When muscle activity was expressed relative to the muscle
activity during DL at 100% of 1RM, significant differences
were discovered between the stability ball and free weight
exercises (Table 3 and Table 4). For L1, DLs at 50, 70, 90 and
100% of 1RM and SQs at 70, 90 and 100% of 1RM were
significantly greater than QP; DLs at 50, 70, 90, and 100%
of 1RM and SQs at 90 and 100% of 1RM were significantly
greater than PT; DLs and SQs at 90 and 100% of 1RM were
significantly greater than BE. For L5, DLs at 50, 70, 90, and
100% of 1RM and SQs at 70, 90 and 100% of 1RM were
significantly greater than QP; DLs at 90 and 100% of 1RM
and SQs at 100% of 1RM were significantly greater than
PT; DLs at 90 and 100% of 1RM and SQs at 100% of 1RM
were significantly greater than BE.

When muscle activity was expressed relative to muscle
activity during the MVC, significant differences were dis-
covered between the stability ball and free weight exercises
(Tables 5 and 6). For L1, DLs at 50, 70, 90 and 100% of 1RM
and SQs at 90 and 100% of 1RM were significantly greater
than QP; DLs at 70, 90 and 100% of 1RM and SQs at 90 and

100% of 1RM were significantly greater than PT; DLs at
90 and 100% of 1RM were significantly greater than BE.
For L5, DLs at 50, 70, 90, and 100% of 1RM and SQs at 100%
of 1RM were significantly greater than QP; DLs at 90 and
100% of 1RM were significantly greater than PT; DLs at
100% 1RM was significantly greater than BE.

DISCUSSION

The primary finding from this investigation was that back
extensor muscle (L1 and L5) activity was greater in SQs and
DLs when compared to stability ball exercises designed to
stimulate the same muscles. Previous investigations have mea-
sured the amount of back extensor muscle activity during
stability ball exercises (4,5,13,20,21,24,27,31), SQs (33), and
DLs (14), but the current investigation is the first to
make a direct comparison of these exercises. As a result, impli-
cations for the use of these exercises in training programs
can now be made.

The amount of muscle activity during QP, PT, and BE
has previously been expressed relative to muscle activity
during a back extension MVC (4,5,13,20,21,24,27,31). In the
current investigation, L1 and L5 during QP were stimulated
at a level of 29.0 and 40.4% of MVC muscle activity,
respectively. Similarly, Marshal et al. (21) reported that

TABLE 2. IEMG (mV) during the squat (SQ) and stability ball exercises. Values reported as mean 6 standard deviation.

Squat 100% Squat 90% Squat 70% Squat 50% Quadruped Pelvic thrust Ball back extension

Longissumus (L1)
0.35 6 0.10 0.35 6 0.14 0.29 6 0.10 0.24 6 0.10 0.07 6 0.04* 0.13 6 0.05† 0.19 6 0.06‡

Multifidus (L5)
0.30 6 0.24 0.20 6 0.09 0.17 6 0.06 0.17 6 0.08 0.08 6 0.05§ 0.11 6 0.07 0.10 6 0.05

*Significant difference (P # 0.05) from SQ 50, 70, 90, and 100%.
†Significant difference (P # 0.05) from SQ 70, 90, and 100%.
‡Significant difference (P # 0.05) from SQ 90 and 100%.
§Significant difference (P # 0.05) from SQ 100%.

TABLE 3. Relative muscle activity during the deadlift (DL) and stability ball exercises. All values reported as a percentage
of muscle activity in the DL 1RM as mean 6 standard deviation.

Deadlift 100% Deadlift 90% Deadlift 70% Deadlift 50% Quadruped Pelvic thrust Ball back extension

Longissumus (L1)
100 89.2 6 20.5 71.8 6 19.9 70.2 6 22.3 19.5 6 14.8* 31.4 6 13.4* 44.2 6 22.8†

Multifidus (L5)
100 93.2 6 22.8 75.1 6 13.4 81.3 6 22.5 30.2 6 19.3* 37.6 6 12.4† 45.5 6 21.6†

*Significant difference (P # 0.05) from DL 50, 70, 90, and 100%.
†Significant difference (P # 0.05) from DL 90 and 100%.
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erector spinae muscle activity during QP was 31.7% of MVC.
For PT in the current investigation, L1 and L5 were activated
to a level of 48.9 and 48.7% of MVC, respectively. Similarly,
when measuring L5 during the PT, previous investigations
have found muscle activity to range from 24.0 to 60.0% of
a MVC (5,24,31). For BE in the current investigation, muscle
activity was 61.6 and 51.7% of MVC from L1 and L5,
respectively. When studied by Drake et al. (13) it was
discovered that muscle activity of L5 during BE was 36.7% of
MVC. The lower muscle activity reported by Drake et al. (13)
may have been the result of the exercise position which was
utilized. Drake et al. (13) used a technique in which both the
toes and knees remained in contact with the floor throughout
the exercise, while the current investigation utilized a tech-
nique in which only the toes were contact with the floor. As
a result, the greater muscle activity during BE in the current
investigation is most likely due to an increased moment arm
length and a subsequent increase in torque production
needed to meet the demand of the exercise.

The current investigation appears to the first to have
examined trunk muscle activity during SQs and DLs using
various loads. It was discovered that muscle activity of the
back extensors during DLs was always greater than in SQs
at the same percentage of 1RM. One previous investigation

reported that mean concentric phase muscle activity of
the erector spinae was 55.0% of peak EMG activity during
a SQ at 90% of 1RM (33). In the current investigation, it was
discovered that when lifting 90% of 1RM in the SQ, muscle
activity was 81.6 and 85.5% of peak EMG activity when
measured from L1 and L5, respectively. The differences in
the values reported may be attributed to the methods used
for expressing peak EMG activity. Zink et al. (33) considered
peak EMG activity as the greatest value attained during the
lift at 90% of a 1RM, while the current investigation measured
peak EMG activity as the average IEMG that was attained
during the DL 1RM. When considering the DL, it appears
that only one other investigation has measured trunk muscle
activity during the lift (14). Escamilla et al. (14) discovered
that when lifting a load equivalent to a 12RM, muscle activity
was 32.0% of MVC when measured from the L3 and T12
paraspinal muscles. In the current investigation, DLs at 70%
of 1RM most closely mimic the exercise intensity used by
Escamilla et al. (14,23). However, in the current investigation,
muscle activity of L1 and L5 at 70% of DL 1RM was 127.4
and 124.6% of MVC, respectively. The methodologies used
for assessing MVC, and the analysis of EMG data may have
attributed to the different values reported. Escamilla et al.
(14) utilized a MVC technique which was volitional and

TABLE 4. Relative muscle activity during the squat (SQ) and stability ball exercises. All values reported as a percentage
of muscle activity in the DL 1RM as mean 6 standard deviation.

Squat 100% Squat 90% Squat 70% Squat 50% Quadruped Pelvic thrust Ball back extension

Longissumus (L1)
83.0 6 22.4 81.6 6 31.0 61.8 6 25.0 56.4 6 21.1 19.5 6 14.8* 31.4 6 13.4† 44.2 6 22.8†

Multifidus (L5)
98.6 6 41.8 85.5 6 34.1 75.6 6 31.1 62.4 6 20.9 30.2 6 19.3* 37.6 6 12.4† 45.5 6 21.6‡

*Significant difference (P # 0.05) from SQ 70, 90, and 100%.
†Significant difference (P # 0.05) from SQ 90 and 100%.
‡Significant difference (P # 0.05) from SQ 100%.

TABLE 5. Relative muscle activity during the deadlift (DL) and stability ball exercises. All values reported as a percentage
of muscle activity in the maximum voluntary contraction (MVC) as mean 6 standard deviation.

Deadlift 100% Deadlift 90% Deadlift 70% Deadlift 50% Quadruped Pelvic thrust Ball back extension

Longissumus (L1)
163.2 6 70.1 138.1 6 50.8 127.4 6 38.3 101.0 6 21.5 29.0 6 16.1* 48.9 6 21.5† 67.6 6 19.4‡

Multifidus (L5)
162.9 6 74.2 142.5 6 55.1 124.6 6 43.7 123.8 6 47.8 40.4 6 20.3* 48.7 6 13.7‡ 51.7 6 21.2‡

*Significant difference (P # 0.05) from DL 50, 70, 90, and 100%.
†Significant difference (P # 0.05) from DL 70, 90, and 100%.
‡Significant difference (P # 0.05) from DL 90 and 100%.
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required hyperextension at the lumbrosacral joint for a period
of five seconds, while the current investigation required
subjects to exert maximal force for three seconds against an
immovable apparatus which was set at a 135� angle. Addi-
tionally, Escamilla et al. (14) analyzed only the greatest one
second interval of muscle activity, while the current inves-
tigation analyzed muscle activity over the entire three second
contraction.

Prior to this investigation, no previous study had attempted
to compare trunk muscle activity in stability ball exercises
to trunk muscle activity during the SQ and DL. The data
from this investigation indicate that there are no significant
differences in RA and OB muscle activity in these exercises.
To further understand the intensity of stability ball exercises,
muscle activity of the back extensors during QP, PT, and
BE was expressed as a percentage of DL 1RM. Values were
expressed relative to DL 1RM because it was the exercise
which elicited the greatest amount of muscle activity for the
back extensors. Furthermore, this method allows for impli-
cations to be made regarding training programs as most
programs prescribe intensity as a percentage of a 1RM and
not a percentage of a MVC. When expressed relative to
DL 1RM, activity of L1 and L5 was found to be 19.5% and
30.2% during QP, 31.4% and 37.6% during PT, and 44.2% and
45.5% during BE. The level of stimulation of the back
extensors during the SQ and DL was reliant on the percent
of 1RM lifted and was between 56.4 and 98.6% for SQ and
70.2 and 100.0% for DL. Regardless of the load lifted, muscle
activity of the back extensors was always greater during the
free weight exercises.

A recent publication by Peterson et al. (25) analyzed the
findings from two meta-analyses which included 177 studies
concerned with the dose-response mechanisms for improv-
ing muscular strength. It was concluded that intensities of
60, 80, and 85% of 1RM are optimal for strength gains in
untrained, recreationally-trained, and athletic-trained indi-
viduals. In the current investigation, it was discovered that
muscle activity of the back extensors during the stability ball
exercises ranged from 19.5 to 45.5% of that produced during
DL 1RM. Since a direct relationship between the intensity

of exercise and the percentage of maximal EMG activity
has been previously established (2,10), it can be concluded
that the stability ball exercises in this study may be of too
low of an intensity to increase strength of the back extensors.
Previous investigations have also concluded that the stimulus
provided by stability ball exercises is of insufficient intensity
to increase muscular strength (13,27), and as a result, they do
not appear to provide a training advantage in healthy subjects
(13). On the other hand, SQs and DLs, at the various loads
lifted, stimulate the back extensors to an extent which may
result in strength gains. The low amount of muscle activity
during the stability ball exercises may also not be appropriate
for muscular hypertrophy. When Campos et al. (8) examined
the effects of resistance training programs of varied intensity
on muscular characteristics, it was discovered that both
low- and intermediate-repetition training groups experienced
significant hypertrophy of Type I, Type IIa, and Type IIb
muscle fiber types, whereas a high-repetition training group
did not experience any hypertrophy. Since stability ball exer-
cises are at an intensity which may allow for the completion
of a high number of repetitions, they may not be appropriate
for muscular hypertrophy of the back extensors. Further-
more, training programs consisting of stability ball exercises
may not be effective in improving athletic performance (17).
Stanton et al. (17) demonstrated that a 6-week stability ball
training program did not significantly improve treadmill
VO2 max, running economy, or running posture. Conversely,
the importance of structural free weight exercises, such as
the SQ (6,8,16,17,26) and DL (26), in resistance training pro-
grams aimed at improving muscular strength (6,16–18,22,26),
muscular hypertrophy (8,29), and running economy (18,22)
has been previously established.

In conclusion, it was discovered that muscle activity of
the back extensors was significantly greater in SQs and DLs
when compared to stability ball exercises designed to activate
the same muscles. Due to the low level of muscle activity in
the stability ball exercises studied and because of the limited
ability to load these movements, the role of stability ball
exercises in training programs aimed at improving muscular
characteristics of the back extensors and improving athletic

TABLE 6. Relative muscle activity during the squat (SQ) and stability ball exercises. All values reported as a percentage of
muscle activity in the maximum voluntary contraction (MVC) as mean 6 standard deviation.

Squat 100% Squat 90% Squat 70% Squat 50% Quadruped Pelvic thrust Ball back extension

Longissumus (L1)
128.7 6 53.9 117.8 6 38.1 86.9 6 35.0 78.2 6 20.5 29.0 6 16.1* 48.9 6 21.5* 67.6 6 19.4

Multifidus (L5)
129.3 6 81.4 112.4 6 48.0 95.9 6 32.1 92.7 6 37.2 40.4 6 20.3† 48.7 6 13.7 51.7 6 21.2

*Significant difference (P # 0.05) from SQ 90 and100%.
†Significant difference (P # 0.05) from SQ 100%.

100 Journal of Strength and Conditioning Research
the TM

Stability Ball and Free Weight Exercises



performance is questioned. In order to determine the effec-
tiveness of long-term stability ball and free weight training
on muscular adaptations and athletic performance, further
investigation is necessary.

PRACTICAL APPLICATIONS

When the goal of a training program is to increase muscular
strength and hypertrophy of the back extensors, strength and
conditioning coaches and rehabilitators may find it more
beneficial to include the SQ and DL exercises rather than
stability ball exercises. It appears that SQs and DLs, at inten-
sities as low as 50% of 1RM, are more challenging to the
neuromuscular system than the stability ball exercises which
were assessed in this investigation. Thus, it is recommended
that strength and conditioning programs exclude, or limit
the use of, stability ball exercises as they do not appear to
provide a sufficient stimulus for improving muscular strength
or hypertrophy and have not been found to improve mea-
sures relating to athletic performance (28). Additionally, the
inability to increase the intensity of stability ball exercises,
through external loading, may limit continuous muscular
adaptations over an extended training period. Instead, strength
and conditioning coaches should design programs which
include structural multi-joint exercises such as the SQ
and DL because the intensity of these two exercises can be
continually altered through changes in external loading.
Furthermore, since the SQ and DL are multi-joint exercises
which require the work of several major muscle groups,
it may also be more time efficient to prescribe these two
exercises rather than numerous stability ball exercises.

REFERENCES

1. Abdoli-e, M, Agnew, MJ, and Stevenson, JM. An on-body
personal lift augmentation device (plad) reduces emg amplitude
of erector spinae during lifting tasks. Clin Biomech 21:
456–465, 2006.

2. Adams, GR, Duvoisin, MR, and Dudley, GA. Magnetic resonance
imaging and electromyography as indexes of muscle function. J Appl
Physiol 73: 1578–1583, 1992.

3. Anderson, K and Behm, DG. Trunk muscle activity increases with
unstable squat movements. Can J Appl Physiol 30: 33–45, 2005.

4. Arokoski, JP, Valta, T, Airaksinen, O, and Kankaanpaa, M. Back and
abdominal muscle function during stabilization exercises. Arch Phys
Med Rehabil 82: 1089–1098, 2001.

5. Arokoski, JP, Valta, T, Kankaanpaa, M, and Airaksinen, O. Activation
of lower paraspinal and abdominal muscles during therapeutic
exercises in chronic low back pain patients. Arch Phys Med Rehabil
85: 823–832, 2004.

6. Augustsson, J, Esko, A, Thomee, R, and Svantesson, U. Weight
training of the thigh muscles using closed vs. open kinetic chain
exercises: a comparison of performance enhancement. J Orthop
Sports Phys Ther 27: 3–8, 1998.

7. Bartonietz, K and Strange, D. The use of swiss balls in athletic
training – an effective combination of load and fun. New Stud
Athletics 13: 35–41, 1998.

8. Campos, GER, Leucke, TJ, Wendeln, HK, Toma, K, Hagerman, FC,
Murray, TF, Ragg, KE, Ratamess, NA, Kraemer, WJ, and Staron, RS.
Muscular adaptations in response to three different resistance-training

regimens: specificity of repetition maximum training zones. Eur JAppl
Physiol 88: 50–60, 2002.

9. Chek, P. Swiss ball exercises for swimming, soccer and basketball.
Sports Coach. 21: 12–13, 1999.

10. Clark, BC, Manini, TM, Mayer, JM, Ploutz-Snyder, LL, Graves, JE.
Electromyographic activity of the lumbar and hip extensors during
dynamic trunk extension exercise. Arch Phys Med Rehabil 83:
1547–1552, 2002.

11. Cormie, P, McCaulley, GO, Triplett, NT, and McBride, JM. Optimal
loading for maximal power output during the lower-body resistance
exercises. Med Sci Sport Exer 39: 340–349, 2007.

12. Delitto, RS, Rose, SJ, and Apts, DW. Electromyographic analysis of
two techniques for squat lifting. Phys Ther 67: 1329–1334,
1987.

13. Drake, JDM, Fischer, SL, Brown, SHM, and Callaghan, JP.
Do exercise balls provide a training advantage for trunk extensor
exercises? A biomechanical evaluation. J Manipulative Physiol Ther
29: 354–362, 2006.

14. Escamilla, RF, Francisco, AC, Kayes, AV, Speer, KP, and Moorman
III, CT. An electromyographic analysis of sumo and conventional
style deadlifts. Med Sci Sports Exerc 34: 682–688, 2002.

15. Foxhoven, B and Plante, P. Athletes with back pain – a trunk
stabilization program. Strength Cond 18: 69–73, 1996.

16. Gonzalez-Badillo, JJ, Gorostiaga, EM, Arellano, R, and Izquierdo, M.
Moderate resistance training volume produces more favorable
strength gains than high or low volumes during a short-term training
cycle. J Strength Cond Res 19: 689–697, 2005.

17. Hoffman, JR and Kang, J. Strength changes during an in-season
resistance-training program for football. J Strength Cond Res. 17:
109–114, 2003.

18. Johnston, RE, Quinn, TJ, Kertzer, R, and Vorman, NB. Strength
training in female distance runners: impact on running economy.
J Strength Cond Res 11: 224–229, 1997.

19. Lariviere, C, Arsenault, AB, Gravel, D, Gagnon, D, and Loisel, P.
Surface electromyography assessment of back muscle intrinsic
properties. J Electromyogr Kinesiol 13: 305–318, 2003.

20. Lehman, GL, Hoda, W, and Oliver, S. Trunk muscle activity during
bridging exercise on and off a swissball. Chiropr Osteopat 13: 14, 2005.

21. Marshall, PW, Dip Sci, PG, and Murphy, BA. Core stability exercises
on and off a swiss ball. Arch Phys Med Rehabil 86: 242–249, 2005.

22. Millet, GP, Jaquen, B, Borrani, F, and Candau, R. Effect of concurrent
endurance and strength training on running economy and VO2

kinetics. Med Sci Sports Exerc 34: 1351–1359, 2002.

23. Morales, J, and Sobonya, S. Use of submaximal repetition testing for
predicting 1-rm strength in class athletes. J Strength Cond Res 10:
186–189, 1996.

24. Mori, A. Electromyogrpahic activity of selected trunk muscles
during stabilization exercises using a gym ball. Electromyogr
Clin Neurophysiol 44: 57–64, 2004.

25. Peterson, MD, Rhea, MR, and Alvar, BA. Applications of the dose-
response for muscular strength development: a review of meta-
analytic efficacy and reliability for designing training prescription.
J Strength Cond Res 19: 950–958, 2005.

26. Ratamess, NA, Kraemer, WJ, Volek, JS, Rubin, MR, Gomez, AL,
French, DN, Sharman, MJ, McGuigan, MM, Scheet, T, Hakkinen, K,
Newton, RU, and Dioguardi, F. The effects of amino acid
supplementation on muscular performance during resistance
training overreaching. J Strength Cond Res 17: 250–258, 2003.

27. Souza, GM, Baker, LL, and Powers, CM. Electromyographic activity
of selected trunk muscles during dynamic spine stabilization
exercises. Arch Phys Med Rehabil 82: 1551–1557, 2001.

28. Stanton, R, Reaburn, PR, and Humphries, B. The effect of short-term
swiss ball training on core stability and running economy. J Strength
Cond Res 18: 522–528, 2004.

VOLUME 22 | NUMBER 1 | JANUARY 2008 | 101

Journal of Strength and Conditioning Research
the TM

| www.nsca-jscr.org



29. Staron, RS, Malicky, ES, Leonardi, MJ, Falkel, JE, Hagerman, FC,
and Dudley, GA. Muscle hypertrophy and fast fiber type conversions
in heavy resistance-trained women. Eur J Appl Phsyiol Occup Phsiol
60: 71–79, 1990.

30. Stephenson, J and Swank, AM. Core training: designing a program
for anyone. Strength Cond J 26: 34–37, 2004.

31. Stevens, VK, Bouche, KG, Mahieu, NM, Coorevits, PL,
Vanderstraeten, GG, and Danneels, LA. Trunk muscle activity in

healthy subjects during bridging stabilization exercises. BMC
Musculoskelet Disord 7: 75, 2006.

32. Vera-Garcia, FJ, Grenier, SG, and McGill, SM. Abdominal muscle
response during curl-ups on both stable and labile surfaces. Phys Ther
80: 564–569, 2000.

33. Zink, AJ, Whiting, WC, Vincent, WJ, and McLaine, AJ. The effects of
weight belt on trunk and leg muscle activity and joint kinematics
during the squat exercise. J Strength Cond Res 15: 235–240, 2001.

102 Journal of Strength and Conditioning Research
the TM

Stability Ball and Free Weight Exercises


