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ABSTRACT

This study calculated I[EMG values during the ascent and de-
scent phases of the bench press and compared the values be-
tween lifts performed with free weights versus a guided weight
machine. In Phase 1 of the study the 1-RM on each mode
was determined for each subject. In Phase 2, EMG data were
collected from five muscles of the upper extremity while each
subject completed five trials at 80% of 1-RM and five trials at
60% of 1-RM for each mode. Linear envelopes were created
from the EMG data of each trial, and IEMG values were calcu-
lated during the descent and ascent phases of each trial. Planned
comparisons were used to compare mean [EMG values be-
tween the two loads within the same mode, and between the
two modes at both the 60% and 80% loads. Results suggested
greater muscle activity during the free-weight bench press,
especially at the 60% 1-RM load, although there were notable
differences among the patterns of individual subjects.
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Introduction

Muscular strength has been shown to increase when
a progressive resistance program is followed, regard-
less of whether exercises are performed with free
weights or machines (4, 16). Although neither mode
has been found superior, advantages and disadvan-
tages to both modes have been proposed. Since free
weight exercise requires controlling the bar in three-
dimensional space, this may create greater activity in
stabilizing the muscle groups (9). On the other hand,
machine exercises may be safer because the lifter need
only provide unidirectional control of the resistance
(2). In addition, machines may allow for greater over-
load to the primary muscles because of the reduced
stabilizing requirement (13).

Although previous studies have compared similar
machine and free weight exercises (1, 11, 13), the debate

over differences in muscle utilization between the two
modes is not supported by any direct investigations
of muscle activity. Electromyography (EMG) reveals
periods of electrical activity in a muscle (6). The EMG
signal can be quantified by calculating the integral of
the EMG pattern (IEMG) as the area under the linear
envelope (20).

The purpose of this study was to calculate IEMG
values during the ascent and descent phases of the
bench press, and to compare the values between lifts
performed with free weights versus those via a guided
weight machine. The bench press was used because
it is a multijoint exercise common to most strength
training programs.

Methods

Five male strength trainers volunteered for the study
and provided informed consent in accordance with
university policy. Prior to testing, all subjects had been
engaged in a strength training regimen of at least three
sessions a week for the past year. To ensure familiarity
with bench pressing technique, experienced lifters
were used. All subjects regularly used the free weight
bench press in their program and had practiced with
the machine bench press (Universal) prior to data col-
lection.

Data were collected in two phases. In Phase 1 the
one repetition maximum (1-RM) for each subject was
determined on both the free weight and machine bench
press. In Phase 2, conducted 1 week later, muscle activ-
ity and joint position data were collected during bench
press performance at 80% (high load) and 60% (low
load) of the subject’s 1-RM on both the free weight and
machine conditions.

Each subject was oriented to the equipment and
methodology before data collection and was asked to
avoid any upper body lifting for 48 hrs before both
test sessions. The order of testing for free weight and
machine 1-RM was randomized across subjects. The
1-RM was determined using a protocol outlined by
Lombardi (14), with 4 min rest provided between
each repetition.

Surface electromyography (EMG) was used to moni-
tor activity in five upper extremity muscles: triceps
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brachii, anterior deltoid, medial deltoid, pectoralis major,
and biceps brachii. Bipolar surface electrodes (silver-silver
chloride; recording diameter = 11 mm; distance between
electrode centers = 1 cm) were applied to the belly of
each muscle over the approximate motor point (18), longi-
tudinally in the direction of the muscle fibers. At the
sites of electrode attachment, the skin was shaved, lightly
sanded with fine sandpaper, and washed with alcohol.

The EMG signals were differentially amplified 500
or 1,000 times (amplifier input impedance: 20 MQ;
common mode rejection ratio: 10,000:1). Amplifiers
were set with a half-amplitude low-frequency cutoff
of 3 Hz and a half-amplitude high-frequency cutoff of
1,000 Hz, each with a roll-off of —6dB per octave. Once
in place, the electrodes remained secured to the skin
during collection of EMG data from both the free
weight and machine trials.

Twin axis, strain gauge electrogoniometers (“el-
gon”’, Penny & Giles, Model M-110, Santa Monica, CA)
were secured over the shoulder and the elbow joints
to record flexion/extension at the elbow joint and hori-
zontal abduction/adduction at the shoulder joint. One
elgon was placed on the lateral surface of the right
elbow joint when the elbow was fully extended in
accordance with the manufacturer’s operating instruc-
tions. The second elgon was placed on the superior
surface of the right shoulder while the arm was ab-
ducted, with the fixed endblock placed slightly lateral
to the trapezius and the telescopic endblock on the
upper arm. Endblocks were securely affixed to the
subject using double-sided tape between the endblock
and the skin, with a layer of single-sided adhesive tape
applied over the endblock onto the skin to ensure a
secure fixation. Alignment of both elgons over the
joints was visually verified between each trial.

A spotter assisted the subject to full elbow extension
on the machine lift, and stabilized the bar before and after
the lift for all free weight conditions. Each subject used
a standardized grip width for both modes of lifting. Sub-
jects were not allowed to bounce the bar off the chest
when lowered to nipple level during the free weight
bench press, nor was the weight stack allowed to touch
when performing the lift on the machine bench press.

Exercise mode performance order was counterbal-
anced across subjects. Each subject performed 20 trials
during the testing session, 10 free weight and 10 machine.
For both modes the subjects completed 5 trials at 80%
of 1-RM (high load) followed by 5 trials at 60% of 1-RM
(low load). They were provided 2 min rest between each
trial and condition. A tape recorded command of 3.0 sec
during the descent phase and 2.9 sec for the ascent phase
was used to maintain a consistent cadence across trials.

The EMG and elgon signals were sampled at 500
Hz using an analog to digital board installed in the
expansion box of a portable computer. The analog/
digital sampling rate was limited to 500 Hz by the
number of channels recorded and the length of the
sampling period (5.5 s). Following each trial, data were

plotted for qualitative assessment of the EMG data,
then stored on hard disk for later processing.

The first step in data analysis was to identify from
the elgon data of the elbow and shoulder the start,
midpoint, and end of each trial. The start and end of
the movement were defined, respectively, as a break
from and a return to the resting position. Midpoint
was identified as the point of maximum flexion of
the elbow and maximal horizontal abduction of the
shoulder. The descent phase was defined as the inter-
val from the start to the midpoint of the movement,
and the ascent phase was defined as the interval from
the midpoint to the end of the movement.

EMG values in microvolts (V) were calculated from
the A/D units for each muscle during each trial. The
EMG signal of each muscle was then full-wave rectified
and low-pass filtered at 3 Hz using a fourth-order Butter-
worth filter to create a linear envelope (20). Using the
start, midpoint, and endpoint identified from the elgon
data of each trial, the integrals of the linear envelope in
UV - s were calculated over the descent and ascent phases
for each muscle during each trial. The five-trial mean
value of the IEMG of each muscle for each phase of the
lift was calculated for each subject. These mean values
were then used in calculating the group mean value and
standard deviation for each phase of each muscle.

The mean values were statistically analyzed using
planned comparisons (12). Planned comparisons were
used because the comparisons of high versus low load
within mode, and machine versus free weight within load,
were the only ones of interest. In view of the low number
of subjects in the study, o. was set at 0.1 for all comparisons
to increase the power of the statistical analyses (7).

Results

To control lift speed, subjects were asked to perform
the bench press with 51 and 49% of lift time for the
descent and ascent phases, respectively. The four-con-
dition mean and standard deviation values for the de-
scent and ascent phases for each subject are presented
in Table 1. Although the descent and ascent phases for
each subject varied from the tape recorded cadence,

Table 1
Mean and SD of Total Lift Time for Both Phases
of the Bench Press for Each Subject

% Descent phase % Ascent phase

Subject M SD M SD
1 44.14 2.73 55.86 2.73
2 56.55 3.90 4345 3.90
3 49.66 5.11 50.34 5.11
4 52.15 3.18 47.85 3.18
5 44.04 3.65 55.96 3.65
Mean 49.30 5.36 50.70 5.36
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Figure 1. Linear envelopes (5 trials) of a representative subject at 60% of 1-RM on the machine and free weight bench
press. Thick vertical line shows transition from lowering (descent) to pressing (ascent) of the bar. Units for vertical axis are

uv.

each subject used a relatively consistent cadence across
the four conditions (the average coefficient of variation
across subjects and phases was 7.4%).

Figures 1 and 2 present a single subject’s linear
envelopes for the two modes of lifting at 60 and 80%
of 1-RM, respectively. The greatest amount of muscle
activity was evident during the ascent phase. The low
load patterns were similar in temporal profile to the
high load profiles, but lower in magnitude.

The group mean and standard deviation values
for IEMG during the high and low loads within the
same mode are presented in Table 2. The [EMG mean
value was always greater for the high load compared to
the low load. The difference was statistically significant
for 6 of 10 comparisons (5 muscles x 2 phases) for free
weight lifts, and 7 of 10 comparisons for machine lifts.

The results of the planned comparisons conducted
between the free weight and machine IEMG mean val-
ues are also presented in Table 2 and summarized in
Table 3. The anterior and medial deltoids were the
only muscles exhibiting consistently higher IEMG

mean values in one mode across both loads and phases.
For both muscles, the mean IEMG value was greater
for free weight than for machine lifting, and the differ-
ence was statistically significant at the low load. The
IEMG mean values for both the triceps brachii and
the pectoralis major were greater for free weight than
machine lifting for three of the four mode/phase condi-
tions, but no difference was statistically significant.
The IEMG mean values for the biceps brachii were
higher for machine lifts during the descent phase, but
higher for free weight lifts during ascent. Neither dif-
ference was statistically significant.

Discussion

The usefulness of IEMG to compare muscle activity
between different modes of exercise is dependant on
the ability to detect differences in IEMG values be-
tween loads known to be physiologically different. An
80% load is frequently used in strength training pro-
grams, as it is more effective for building strength than
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Figure 2. Linear envelopes (5 trials) of a representative subject at 80% of 1-RM on the machine and free weight bench
press. Thick vertical line shows transition from lowering to pressing of the bar. Units for vertical axis are puV.

light loads are (3, 19). The 80% load creates a muscular
overload yet does not cause extreme fatigue when com-
pleting 5 reps. A 60% load is considered light and
was used because it activates fewer motor units (16).
Physiologically, differences in muscle activity level (re-
cruitment and/or rate coding) would be expected be-
tween the two loads. Planned comparisons identified
differences in IEMG values between the low and high
loads within the same mode. The high percentage of
significant differences identified in IEMG values be-
tween high and low loads within the same mode of
exercise suggests that the procedures used were capa-
ble of identifying differences in muscle activity.

The design of a bench press machine causes the
bar to follow the same path during both the ascent and
descent phases, while the bar path during the free
weight bench press can vary across the ascent and
descent phases (5, 15, 19). Lander et al. (13) suggested
that the lifter must devote force to balance and stabilize
the bar in two horizontal directions during a free
weight bench press. Strength training advocates (8, 10)
assume that balancing and stabilizing the bar during

free weight lifts requires greater muscle activity than
do machine lifts.

The results of this study support the hypothesis
that greater muscle activity is present during free
weight training than during machine lifting. The IEMG
was higher during free weight lifting for 16 of the 20
mode/phase comparisons, with the difference most
evident at the 60% 1-RM load where four differences
in IEMG were statistically significant.

The observed difference in muscle activity be-
tween the two modes was greatest for the deltoid mus-
cles during low load lifting. The IEMG of the anterior
and the medial deltoids were 50 and 33% higher, re-
spectively, during the free weight compared to the
machine lifts. Since the anterior deltoid tends to resist
lateral rotation of the humerus, and the medial deltoid
tends to resist adduction of the humerus, the increased
activity in these muscles may reflect their contribution
to stabilizing the shoulder as well as pressing the
weight bar. Scheving and Pauly (17) reported that the
three heads of the deltoid are active in all movements
of the arm, with one head acting as a prime mover
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Table 2
IEMG Mean Values (SD) During the Free Weight and Machine Bench Press at Different Loads (n = 5; units LV - s)

60 % 80% Comparison

Mauscle Phase Free wt Mach. Free wt. Mach. M, M, L; L,

Triceps Des. 0.4254 0.3590 0.4602 0.5114
brachii (0.4609) (0.3215) (0.2900) (0.5538)

Triceps Asc. 0.6829 0.5849 1.1235 1.1064 * *
brachii (0.5531) (0.4089) (0.7051) (0.7688)

Anterior Des. 0.9009 0.5983 1.0418 0.9599 * *
deltoid (0.4775) (0.2187) (0.4446) (0.3879)

Anterior Asc. 1.3989 0.9388 1.6948 1.6177 * *
deltoid (0.6773) (0.2795) (0.7060) (0.6929)

Pectoralis Des. 0.2867 0.2944 0.4374 0.4227 * *
major (0.1366) (0.1377) (0.3036) (0.1964)

Pectoralis Asc. 0.5425 0.5207 0.8840 0.8480 * *
major 0.4129) (0.3311) (0.7090) (0.5616)

Biceps Des. 0.0842 0.1004 0.1072 0.1377 * *
brachii (0.0385) (0.0921) (0.0394) (0.0808)

Biceps Asc. 0.0964 0.0918 0.1488 0.1358 * *
brachii (0.0327) (0.0349) (0.0524) (0.0408)

Medial Des. 0.3649 0.2623 0.4253 0.3910 *
deltoid (0.2720) (0.1920) (0.3009) (0.3157)

Medial Asc. 0.5603 0.4376 0.7653 0.7248 * * *
deltoid (0.2765) (0.2477) (0.2979) (0.3285)

M;: Mode low (FW 60% vs. mach. 60%); M;: Mode high (FW 80% vs. mach. 80%); L;: Load free weight (FW 80% vs. FW 60%);

L,: Load machine (mach. 80% vs. mach. 60%). *p <0.1

Table 3
Summary of Planned Comparison for Free Weight
Versus Machine Group Analysis

60% of 1 RM 80% of 1 RM
Muscle Phase Free wt. Mach. Free wt.  Mach.
Triceps Descent + +
brachii Ascent + +
Anterior Descent * +
deltoid  Ascent * +
Pectoralis  Descent + +
major Ascent + +
Biceps Descent + *
brachii Ascent + +
Medial Descent * +
deltoid  Ascent * +

+Greater IEMG for this mode, n.s.
*Greater IEMG for this mode, p < 0.1.

and the other heads active to stabilize the humerus in
the glenoid cavity.

The smaller difference between modes in IEMG
activity of the deltoids at the 80% 1-RM load might be
attributed to increased joint stiffness from the in-
creased activity in all muscle groups around the shoul-
der, eliminating the need for the anterior and medial

deltoids to work against external rotation and adduc-
tion of the humerus.

The existence of notable individual variability in
muscle activity from the group mean data must be
acknowledged. For example, although the difference
was not statistically significant, the group mean data
shown in Table 2 indicate greater activity of the pecto-
ralis major during the ascent phase of free weight lifts
compared to machine lifts with both low and high
loads. However, Figure 1 clearly indicates greater ac-
tivity in the pectoralis major during the ascent phase
with the machine lift. Whether the individual differ-
ences reflect typical biological variability or joint and
muscle mechanics specific to an individual is beyond
the scope of the present study. However, studies de-
signed to explain the presence of individual differences
represent a viable direction for research investigating
muscle activity during weight training exercises.

Only experienced lifters were used in the study.
It is possible that greater differences between the two
modes of bench press would be exhibited by
novice lifters. Experienced lifters may have developed
an efficient technique to control the free weight bar,
reducing the muscle activity in the stabilizing muscles.

The results of this study comparing IEMG values
suggest the following: (a) there is a tendency for greater
muscle activity when performing the bench press with
free weights; (b) differences between bench press
modes are greater at 60% than at 80% of 1-RM; (c) there
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are individual differences in muscle activity patterns
when performing the bench press with free weights
versus a machine.

Practical Application

Higher IEMG values for the anterior and medial del-
toid muscles suggest that shoulder stabilizing muscles
are more active during the bench press performed us-
ing free weights compared to a machine. Individual
variability in the IEMG values for the pectoralis major
and triceps brachii suggest that factors other than train-
ing mode, possibly including joint and muscle mechan-
ics specific to an individual, determine which mode
of training invokes greater muscle activity during a
bench press.
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