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ABSTRACT

Saeterbakken, AH and Fimland, MS. Electromyographic activity

and 6RM strength in bench press on stable and unstable surfaces.

J Strength Cond Res 27(4): 1101–1107, 2013—The purpose of

the study was to compare 6-repetition maximum (6RM) loads and

muscle activity in bench press on 3 surfaces, namely, stable

bench, balance cushion, and Swiss ball. Sixteen healthy,

resistance-trained men (age 22.56 2.0 years, stature 1.826 6.6

m, and body mass 82.0 6 7.8 kg) volunteered for 3 habituation/

strength testing sessions and 1 experimental session. In random-

ized order on the 3 surfaces, 6RM strength and electromyographic

activity of pectoralis major, deltoid anterior, biceps brachii, triceps

brachii, rectus abdominis, oblique external and erector spinaewere

assessed. Relative to stable bench, the 6RM strength was approx-

imately 93% for balance cushion (p # 0.001) and approximately

92% for Swiss ball (p = 0.008); the pectoralis major electromyo-

graphic (EMG) activity was approximately 90% using the balance

cushion (p = 0.080) and approximately 81% using Swiss ball (p =

0.006); the tricepsEMGwasapproximately79%using thebalance

cushion (p = 0.028) and approximately 69% using the Swiss ball

(p = 0.002). Relative to balance cushion, the EMG activity in

pectoralis, triceps, and erector spinae using Swiss ball was

approximately 89% (p = 0.016), approximately 88% (p = 0.014)

and approximately 80% (p=0.020), respectively. In rectus abdom-

inis, the EMG activity relative to Swiss ball was approximately 69%

using stable bench (p = 0.042) and approximately 65% using the

balancecushion (p=0.046).SimilarEMGactivitiesbetweenstable

and unstable surfaces were observed for deltoid anterior, biceps

brachii, and oblique external. In conclusion, stable bench press had

greater 6RMstrength and triceps and pectoralis EMGactivity com-

pared with the unstable surfaces. These findings have implications

for athletic training and rehabilitation, because they demonstrate an

inferior effect of unstable surfaces on muscle activation of prime

movers and strength in bench press. If an unstable surface in

bench press is desirable, a balance cushion should be chosen in-

stead of a Swiss ball.

KEY WORDS EMG, resistance exercise, unstable surface,

trunk

INTRODUCTION

R
esistance training on unstable surfaces, such as
Swiss balls, slings, BOSU balls, and balance discs,
induces varying degrees of instability and are
believed to be useful for injury prevention, reha-

bilitation, and general health benefits (2,5,21,26). Proponents
of instability in resistance training deduce that greater insta-
bility is beneficial compared with traditional resistance train-
ing in a number of ways, such as inducing increased stress on
the neuromuscular system, improving balance, and coordi-
nation, being more sport specific and be beneficial for re-
habilitation (1,6,7). However, although unstable surfaces can
lead to increased stabilization requirements, several studies
have suggested that they may not provide an adequate over-
load for strength, power, and hypertrophy gains (5,11,20).

The bench press is probably the most popular upper-body
resistance exercise among athletes and recreational trainers.
Previous studies have examined bench press on a stable bench
and unstable Swiss ball (3,15,19,26). Marshall and Murphy
(19) employed 60% of 1repetition maximum (1RM) in the
stable exercise and reported greater electromyographic
(EMG) activity of anterior deltoid and abdominal muscles
using the Swiss ball. Further, Uribe et al. (26) reported similar
EMG activity in anterior deltoid and pectoralis at 80% of 1RM
in the stable condition. During maximal isometric bench press,
Anderson and Behm (3) reported an approximately 60%
lower force output on the Swiss ball but similar EMG activity.
In contrast, Goodman et al. (15) examined 1RM and reported
similar strength and similar EMG activity on the 2 surfaces.
Thus, the effects of unstable surfaces on muscle activation of
prime movers in bench press are unclear.

Unstable surfaces have been used to increase trunk muscle
activity compared with stable surfaces (2,8,19,21,26,27).
Norwood et al. (21) compared bench press with unstable
BOSU balls underneath (a) feet, (b) shoulders, and (c) feet
and shoulders. Overall, the EMG activity in the trunk increased

Address correspondence to atle.saeterbakken@hisf.no.

27(4)/1101–1107

Journal of Strength and Conditioning Research
� 2013 National Strength and Conditioning Association

VOLUME 27 | NUMBER 4 | APRIL 2013 | 1101

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.



with increasing instability. Further, Behm et al. (8) compared
bench press on a bench and Swiss ball and reported greater
EMG activity of the trunk muscles.

It is important to note that several bench press studies
mentioned above were methodologically limited because they
failed to match relative resistance but rather used the same

absolute intensity (8,19,21,26). There is ample evidence that
inducing instability in resistance exercises reduces absolute
strength/force production (3,20,23). Thus, using the same
absolute load means that higher relative loads were employed
in the unstable conditions. The 2 bench press studies that did
not suffer from this methodological flaw tested isometric max-
imal effort (3) or dynamic 1RM (15). Therefore, it is not
known how unstable surfaces affect strength and muscle
activation at intensities commonly used in resistance training
(e.g., 6–12RM). Further, previous studies did not examine
muscle activation during multiple repetitions (i.e., .1 repeti-
tion) to muscular fatigue on several different surfaces.

Therefore, the purpose was to investigate 6RM strength
and concomitant neuromuscular activation of the prime
movers and trunk muscles on 3 different surfaces during
bench press. We hypothesized that (a) the 6RM load would
decrease with increasing instability and (b) neuromuscular
activity would generally be similar on the 3 surfaces for upper
body and trunk muscles, as relative resistance was matched.

METHODS

Experimental Approach to the Problem

A within-subject, randomized and counterbalanced
repeated-measures design was used to examine the 6RM
strength and concomitant EMG activity in bench presses on
3 surfaces. The participants took part in 3 habituation/
strength testing session and 1 experimental session where
muscle activity was obtained during 6RM on each surface.
The surfaces had different stability requirements and were
(a) an ordinary stable bench, (b) a balance cushion, and (c)
a Swiss ball (Figure 1). Muscle activation was obtained in
prime mover and stabilizer muscles. Bench press was inves-
tigated because it is a very popular upper-body resistance
exercise among athletes and recreational trainers.

Subjects

Sixteen healthy, resistance-trained men (age 22.5 6 2.0
years, stature 1.82 6 6.6 m, body mass 82.0 6 7.8 kg)

Figure 1. A–C) Illustration of how bench presses were performed on
the 3 different surfaces. The feet and arm positions were the same during
ordinary bench, balance cushion, and Swiss ball testing.

Figure 2. Mean (SD) 6 repetition maximum (RM) strength in bench
press performed on a stable bench, balance cushion, and Swiss ball.
*Different from unstable surfaces, p # 0.05.

Comparison of Bench Press Performed on Three Different Surfaces

1102 Journal of Strength and Conditioning Research
the TM

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.



participated in the study. The subjects were excluded from the
study if they had musculoskeletal pain, injury, illness that might
reduce maximal effort, experienced pain during testing or had
,1 year of resistance training experience. Further, self-reported
1RM in bench press had to exceed the subjects’ body mass.
None of the subjects were competitive power lifters but had 4.6
6 2.1 years of resistance training experience. All the subjects
were familiar with the bench press exercise. The 6RM strength
was 85 6 15.6 kg. The 6RM normalized to body weight was
1.05. The subjects were instructed to refrain from any addi-
tional resistance training targeting the upper body during the
72 hours before testing. Ethics approval was obtained from the
local research ethics committee and conformed to the latest
revision of the Declaration of Helsinki. Each subject was
informed of the testing procedures and possible risks, and
a written consent was obtained before the study.

Procedures

On the stable bench, the head, shoulders, and hips were
supported by the bench with an approximately 908 flexion in
the knees (Figure 1A). Each subject chose a preferred grip-and

feet position. The width were
measured, controlled and used
in every session and condition.
Two test-leaders acted as spot-
ters and assisted the subjects in
the preload phase by lifting
and stabilizing the Olympic bar-
bell (2.8-cm diameter, length
1.92 m) until the subject had
fully extended arms. The barbell
was lowered in a controlled
manner, lightly touched the
chest, and lifted back to the
starting position with fully
extended elbows. No bouncing
of the weights was allowed.
The tempo of each repetition
was self-selected, but subjects
were instructed to use a con-
trolled tempo with correct
technique.

The balance cushion (Fysio-
partner AS, Norway) was
placed on the stable bench
(Pivot 430, Sportsmaster AS,
Norway). Semielastic mats,
corresponding to the height of
the balance cushion, were
placed underneath the feet so
that the conditions would be
comparable with the stable
bench (Figures 1A and B).
The air pressure used during
testing was 1.5 psi for the bal-

ance cushion. Each subject assumed a position where the
balance cushion was placed between the scapulas. The head,
neck, and hips were not in contact with the bench, and the
position was maintained during testing (Figure 1B).

After a series of pilot tests, a 75-cm Swiss ball (Eidsvoll,
Egos Sport AS, Norway) were used with an air pressure of
3.0 psi (Figure 1C). When a person (weight 80 kg) lifted
80 kg on the Swiss ball, the air pressure, and Swiss ball size
corresponded to height of the ordinary bench. The Swiss
ball was placed in a position where the head, neck, and hips
were not in contact with the Swiss ball (Figure 1C). The base
of support on the balance cushion (35 cm) and the base of
support on the Swiss ball were identical when a person
(body mass 80 kg) lifted 80 kg on the Swiss ball (35 cm).
However, the Swiss ball was movable in multiple directions
and was therefore considered to be more unstable than the
nonmoveable balance cushion.

Approximately 2 weeks before the experimental test, each
subject attended the first of 3 combined habituation and
strength testing sessions (23). The habituation sessions were
used to identify 6RM for each of 3 surfaces and were separated

Figure 3. Mean (SD) root-mean square (RMS) electromyographic activity of the different conditions in (A)
pectoralis major and anterior deltoid and (B) biceps and triceps. * Different from all other surfaces, p # 0.05.
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by 2–5 days (12). The subjects were assigned to the 3 surfaces
in a counterbalanced and randomized fashion to nullify any
treatment order effects. Before a 6RM test, the subject per-
formed a 10-minute warm-up on a cycle ergometer or tread-
mill at an intensity corresponding to a rating of perceived
exertion between 8 and 10 on the Borg scale (10). Next, 3
warm-up sets were performed on a stable bench: 20 repetitions
at 25% of anticipated 1RM, 10 repetitions at 50% of 1RM, and
8 repetitions at 70% of 1RM (4). After the last warm-up set, the
subjects were asked what they believed their 6RM load was.
After 6 successful repetitions, the subjects were asked if they
thought the set was their 6RM. If not, heavier resistance was
added so that 6RM could be identified. The same procedure
was used for all 3 surfaces. The 6RMwas identified within 1–3
attempts. A 3- to 4-minute rest period was given between each
attempt (15,23,25). The last habituation session and experi-
mental test was separated with 3–5 days (23).

In the experimental test, the warm-up was first performed as
described above. Next, 6RM testing with concomitant EMG
measurements was performed on each of the 3 surfaces. The
4- to 5-minute periods separated the 6RM tests on each surface
(23,25). Six repetitions at 50% of 6RM were performed on the
new surface in this time period before the new 6RM test.

Electromyography Measurements

The EMG signals were measured from pectoralis major (;4 cm
medial to the axillary fold [24]), anterior deltoid (1.5 cmdistal and
anterior to the acromion), triceps brachii (long head, ;3 cm
medial and on 50% on the line between acromion and olecra-
non), biceps brachii (one-third from the fossa cubit), rectus
abdominis (3 cm lateral to the umbilicus), oblique external
(;15 cm to the umbilicus), and erector spinae (L1, 6 cm lateral
to the spinous process) according to the recommendations
of Surface ElectroMyoGraphy for the Non-Invasive Assessment

of Muscles (SENIAM) (16) and
as used in similar studies (3,8).
The electrodes (11-mm contact
diameter, 20-mm center-to-cen-
ter distance) were placed on the
side of the dominant arm (8,22).
The skin was shaved, washed
with alcohol, and abraded before
the placement of gel coated self-
adhesive electrodes (Dri-Stick Sil-
ver circular surface electromyog-
raphy (sEMG) Electrodes AE-
131, NeuroDyne Medical, USA).

A commercial EMG record-
ing system was used to measure
the EMG activation (Musclelab
4020e, Ergotest Technology AS,
Langesund, Norway). The raw
EMG signals were amplified
and filtered using a preamplifier
located as close to the pickup

point as possible. The signals were high pass (600 Hz) and low
pass (8 Hz) filtered, rectified, and integrated. Further, the raw
EMG signals were converted to root-mean-square (RMS)
signals using a hardware circuit network (frequency response
450 kHz, averaging constant 12 milliseconds, total error 6
0.5%). With a common rejection rate of 106 dB, the RMS
signals were sampled at a rate of 100 Hz using a 16-bit A/D
converter. All EMG data were recorded in 1 session to avoid
methodological issues regarding electrode placements. Hence,
we did not consider it necessary to normalize the EMG data.
The data were analyzed using commercial software (Muscle-
lab V8.13, Ergotest Technology AS). A linear encoder (ET-
Enc-02, Ergotest Technology AS) was attached to the barbell
to assess the total lifting time of the 6RM tests, and the vertical
position of the barbell, so that the beginning and end of the
6RM testing could be identified. The linear encoder had a sam-
pling frequency of 100 Hz and was synchronized with the
EMG recordings. The beginning and end of each of the 6
repetitions were identified and EMG RMS activities were
calculated as the mean of the 6 repetitions (i.e., short stops
at full arm extension were removed from the analysis).

Statistical Analyses

Visual inspection of the data using probability plots demon-
strated that the data were normally distributed. To assess
differences in EMG activity during 6RM testing, a 2-way
(3 surfaces 3 7 muscles) analysis of variance (ANOVA) with
repeated measures was used. When differences were
detected by ANOVA, paired t-tests with Bonferroni post
hoc corrections were applied to determine where the differ-
ences lay. The dependent variables were the EMG activity
for each of the muscles. To assess the differences in 6RM
load and time used in the 6RM testing, repeated-measures
1-way ANOVAs were used with Bonferroni post hoc tests.

Figure 4. Mean (SD) root-mean square (RMS) electromyographic activity of the different conditions in erector
spinae, oblique external, and rectus abdominis. * Different from all other surfaces, p # 0.05. # Different between
balance cushion and Swiss ball, p # 0.05.
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All results are presented as mean 6 SD and Cohen’s d effect
size (ES), unless otherwise noted. Effect size of 0.2 was con-
sidered small, 0.5 medium, and 0.8 large. SPSS (v19,
Chicago, IL, USA) was used for statistical analyses. Statisti-
cal significance was accepted at p # 0.05.

RESULTS

Relative to stable bench (85.0 6 15.6 kg), the 6RM strength
was approximately 93% using the balance cushion (79.0 6
15.1 kg, p # 0.001, ES = 0.39) and approximately 92% using
the Swiss ball (78.56 14.3 kg, P = 0.008, ES = 0.43, Figure 2).
There were similar 6RM strengths for balance cushion and
Swiss ball (p = 0.700).

For the EMG activity, the surface3muscle interaction was
significantly different (F = 6.261, p # 0.001). After post hoc
analyses, the EMG activity in pectoralis major relative to
stable bench (0.5556 0.28 mV) was approximately 81% using
Swiss ball (0.448 6 0.19 mV, p = 0.006, ES = 0.45) and
approximately 90% for balance cushion (0.500 6 0.22 mV,
p = 0.080, ES = 0.25, Figure 3A). Further, the EMG activity in
Swiss ball was approximately 89% of the balance cushion (p =
0.016, ES = 0.25, Figure 3A). Similar EMG was observed in
deltoid anterior using stable bench press (0.945 6 0.28 mV),
balance cushion (1.005 6 0.27 mV), and Swiss ball (0.943 6
0.29 mV; p = 0.238–0.962, Figure 3A).

For triceps brachii, the EMG activity relative to stable bench
(0.747 6 0.23 mV) was approximately 79% using the balance
cushion (0.587 6 0.17 mV, p = 0.028, ES = 0.79) and approx-
imately 69% using the Swiss ball (0.516 6 0.17 mV, p = 0.002,
ES = 1.14, Figure 3B). Further, the EMG activity relative to
balance cushion was approximately 88% using the Swiss ball
(p = 0.014, ES = 0.42). There were similar EMG activities in
biceps brachii using stable bench (0.316 6 0.15 mV), balance

cushion (0.352 6 0.20 mV) and
Swiss ball (0.3016 0.17 mV; p =
0.226–0.564, Figure 3B).

For erector spinae, the EMG
activity relative to balance cush-
ion (0.156 6 0.05 mV) was
approximately 80% using the
Swiss ball (0.125 6 0.05 mV,
p = 0.020, ES = 0.62, Figure 4).
There was similar EMG activity
in stable bench (0.142 6
0.06 mV) compared with bal-
ance cushion (p = 0.562)
and Swiss ball (p = 0.506). In
oblique external, similar
EMG activities were observed
using stable bench (0.060 6
0.02 mV), balance cushion
(0.060 6 0.02 mV) and Swiss
ball (0.057 6 0.02 mV; p =
0.439–0.852, Figure 4). In the
rectus abdominis, the EMG

activity relative to Swiss ball (0.049 6 0.038 mV) was ap-
proximately 69% using stable bench (0.034 6 0.028 mV, p =
0.042, ES = 0.45) and approximately 65% using the balance
cushion (0.032 6 0.018 mV, p = 0.046, ES = 0.57, Figure 4).
Similar EMG activity was observed for stable bench and bal-
ance cushion (p = 0.670). The overall differences in the EMG
activity are presented as percent of the stable bench in Figure 5.

In a few cases in the experimental session, the subjects were
not able to complete 6 repetitions in the condition that was
performed last. In these cases, the weight was reduced with
2.5 kg, and 4–5 minutes of rest was given before a new
attempt, which was always successful. The intracorrelation
coefficient for the 6RM exercises between the practice test
and the experimental test was 0.985 (stable bench), 0.993 (bal-
ance cushion), and 0.980 (Swiss ball). There were no differ-
ences in total time spent executing the 6 repetitions in stable
bench (17.0 6 3.6 seconds), balance cushion (16.0 6 1.5 sec-
onds), or Swiss ball (16.3 6 1.9 seconds; p = 0.433–0.628).

DISCUSSION

This investigation demonstrated that 6RM loads decreased
on unstable surfaces (balance cushion and Swiss ball)
compared with the stable bench. Further, on unstable
surfaces, the EMG activities in pectoralis major (Swiss ball
, stable bench) and triceps brachii (Swiss ball and balance
cushion , stable bench) were reduced compared with the
stable surface. Balance cushion provided higher activation of
the pectoralis, triceps, and erector spinae than did the Swiss
ball. The Swiss ball induced greater rectus abdominis but
similar erector spinae and oblique external EMG activity
compared with the stable bench.

The EMG activity in the pectoralis was greater for the
stable bench than for the Swiss ball and also tended to be

Figure 5. Electromyographic activation on unstable surfaces relative to the stable surface (mean and SEM),
* Different from all other surfaces; # different between balance cushion and Swiss ball, p # 0.05.
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greater compared with the balance cushion. In addition,
greater EMG activation was observed in triceps brachii for
stable bench than both unstable surfaces. Thus, for the
pectoralis and triceps, the exercise with the greatest 6RM
strength resulted in the greatest EMG activity. That is,
higher instability did not compensate for lower absolute
load. For the first time, these results show an inferior effect of
unstable surfaces on muscle activation of prime movers in
bench press. To our knowledge, only 2 previous studies have
matched relative resistance when comparing unstable
and stable bench press (3,15). However, these studies exam-
ined maximal isometric or dynamic (1RM) contractions and
reported similar EMG in pectoralis, anterior deltoid, triceps,
and biceps, whereas we used a 6RM load, which is more
typical in resistance training. On the other hand, the results
we observed could possibly be attributed to the training
status among the participants. The 6RM strengths (stable
and unstable surfaces) in this study were greater than the
isometric force outputs (stable and unstable) and 1RM loads
(stable and unstable) in previous studies (3,15).

The decreases in strength we observed in unstable
compared with stable conditions are in line with the findings
of Anderson and Behm (3) but not with Goodman et al. (15).
In this study, the 6RM load on the Swiss ball was approxi-
mately 8% less than in the stable bench. In the study of
Anderson and Behm (3), unstable force output was approx-
imately 60% less than in the stable condition. However,
Anderson and Behm (3) used a different experimental model
with 2 independent handles attached, via straps, to force
sensors on the floor and tested isometric force output.
Because Goodman et al. (15) failed to report the air pressure
of the Swiss ball, it cannot be excluded that the load and
weight of the subjects, deformed the roundness of the Swiss ball
to a more horizontal platform than in our study. With a larger
base of support in Swiss ball testing, the surface becomes more
stable and more similar to bench testing. This could be the
reason for similar 1RM results in stable bench and Swiss ball
in their study (15). Further, Berger and Smith (9) reported that
a ventroflexion, required to keep the head in a neutral position,
reduced power output in bench press. In this study and in the
investigation of Anderson and Behm (3), the buttocks and head
were not supported on the Swiss ball. However, in the study by
Goodman et al. (15), upper shoulders, neck, and head were
supported on the Swiss ball. Thus, the position of the upper
body on the Swiss ball and different horizontal bases of support
could explain these discrepancies. In support of this notion,
Behm et al. (5) reported that when only 2 points of balance
were in contact with the floor, force was reduced with 70%.
Conversely, 3 points of contact with the floor resulted in a force
reduction of only 20%, relative to the stable condition.

We expected that the Swiss ball would be more unstable
than the balance cushion, because it was movable in multiple
directions. However, similar 6RM strength between these 2
devices suggests that this was not the case. With the weight
of a relatively average subject (80 kg) and a relatively average

6RM load (80 kg) the deformed Swiss ball had a similar base
of support as the balance cushion.

Inferior effects of unstable surfaces, as we observed here for
absolute strength and muscle activation of prime movers
have also been reported for other exercises and muscle
groups. For example, Kohler et al. (17) demonstrated greater
EMG activity in triceps during seated shoulder press on a sta-
ble bench vs. Swiss ball. Further, Behm et al. (5) reported 44%
less EMG activation in quadriceps during unstable leg exten-
sion than in a comparable stable condition. As in this study,
both Kohler et al. (17) and Behm et al. (5) used the same
relative intensities on stable and unstable surfaces.

The mechanism for decreased activation of prime movers
in the unstable conditions we employed could theoretically
be increased stress associated with the postural demands.
The body is a linked mechanical system, and it is necessary to
provide a strong base of support before heavy weightlifting
(14). Nonetheless, we did not observe systematically elevated
EMG for superficial trunk muscles on the unstable surfaces.

There were similar EMG activities in anterior deltoid and
the antagonist biceps between the surfaces, which is in line
with previous studies (3,15,26). In contrast, Marshall and
Murphy (19) reported greater EMG activity in anterior del-
toid when performing bench press on a Swiss ball compared
with a stable bench. However, those results are not directly
comparable with our results, as in that study the same abso-
lute loads instead of relative loads were used (19), which in
our opinion is an inappropriate comparison.

For the trunk muscles, similar EMG activities in the stable
bench and the unstable surfaces (balance cushion and Swiss
ball) were generally observed, with a few exceptions. The EMG
activity in the rectus abdominis was greater during Swiss ball
compared with stable bench and balance cushion. Further,
EMG activity in the erector spinae was lower when using Swiss
ball than balance cushion. This is not surprising, considering
that the lower back was supported on the Swiss ball and not on
the balance cushion. Overall, the relatively similar EMG activity
in the trunk for the exercises could be attributed to relatively
moderate and similar stability requirements for the trunk on all
surfaces, because of a stable base of support caused by the feet.

For the first time, several trunk muscles were examined
during heavy bench press on stable vs. unstable surfaces
performed close to muscular fatigue (i.e., 6RM). Previous
studies were limited by only testing the EMG activity of
rectus abdominis of the trunk muscles (3,15,26) or using low
resistance (8,18,21,26).

There are some limitations to our study. Only healthy
resistance-trained subjects were recruited. Thus, the results
cannot necessarily be generalized to other populations. Further,
it should be noted that surface EMG can only provide an
estimate of the neuromuscular activation and that there is an
inherent risk of crosstalk from neighboring muscles (13), even if
a small interelectrode distance was used. The testing was not
performed at a standardized time of day, and we made no
attempt to control for hydration or nutrition. However, the
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participants were instructed to prepare for the testing as they
would have done for a normal strength training session.

In conclusion, stable bench press broadly had greater
6RM strength and EMG activity in pectoralis and triceps
compared with the 2 unstable surfaces. With respect to trunk
muscles, the Swiss ball resulted in higher rectus abdominis
activation compared with stable bench and balance cushion
but lower erector spinae activation than balance cushion.

PRACTICAL APPLICATIONS

In this study, we compared bench presses performed on
a stable bench, Swiss ball, and balance cushion with the same
relative resistance (6RM). The 6RM loads on the balance
cushion and Swiss ball were only 93 and 92%, respectively,
of the loads that could be lifted on the stable bench. When
the subjects performed stable bench presses, greater muscle
activation was achieved in pectoralis major compared with
Swiss ball, and triceps brachii activation was superior on the
stable bench compared with both unstable surfaces. Similar
muscle activation was observed for anterior deltoid and
biceps brachii on all surfaces. Regarding the trunk muscles,
rectus abdominis had greater muscle activation on the Swiss
ball than the stable bench but lower erector spinae activa-
tion. The balance cushion induced greater triceps brachii,
pectoralis major, and erector spinae activation but lower
rectus abdominis activation than the Swiss ball. Therefore,
with respect to muscle activation of prime movers and
absolute strength, this study broadly suggests beneficial
effects of stable bench presses compared with unstable
alternatives. However, if an unstable surface is desirable in
bench press, for example, for rehabilitative purposes or in
a periodized training program, a balance cushion is recom-
mended instead of a Swiss ball because it provides higher
activation of the prime movers with the same absolute load.
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