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This study investigated tile effects of a wide, mediuln, and nan-ow
grip width on the muscle activity produced by the sternal and
clavicular heads of the pectoralis major, the anterior deltoid, and
the medial head of the triceps brachii during the performance of the
bench press exercise. The 28 Ss involved in the study were trained
and experienced in the performance of the bench gress exercise.
Bipolar surface electrodes were used to detect maximal and 85% of
maximal myoelectrical activity from the muscle bellies o~ the 4 muscles
studied, during eccentric and concentric contractions. A Two-way
AN0VA wit h repeated mea sures rev ealed s i gnif i can t di ff ere nces (p <. 05 )
between the ratios of E."1G activity produced by the 4 muscles when
using a wide, medium, and narrow grip width position. A Friedman
ANOVA by ranks revealed significant differences between the sums of the
recruitment order ranks (p<.OOl), and between the absolute EMG activity
ranks (p<;Ol) and (p<.OOl) for the wide, medium, and narrow grip widths.
The results of this study provides evidence that the grip width
position used during the performance of the bench press effects the
amplitude and frequency of the EMG muscle activity, the pattern of
muscle recruitment, and the degree of involvement for each muscle
analyzed. The EMG activity produced by the muscles involved in the
bench press exercise indicate that one grip width position might be
more advantageous for developing muscle activity in the muscles
studied. The results of this study may be applied to help improve
the performance and understanding of the function of the muscles
involved in the bench press exercise.
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CHAPTER I

INTRODUCTION

The use of free weights for increasing muscle strength,

conditioning, and improving muscle performance during specific sports

movements has been recognized as an acceptable method of training.

~1any sports such as football, basketball, baseball, and track and field

have begun to incorporate weight training as a part of the training

program. Both athletes and non~athletes are using free weights to

improve muscle performance, strength, body composition, speed, and

personal appearance. Free weight exercises are universally used to

increase the strength of specific muscles primarily involved in a

sports movement.

The bench press may be considered the finest free weight exercise

for developing strength and improving performance in the muscles of

the upper body. The bench press exercise can be performed using many

different types of equipment. However, the free bar is the most widely

used apparatus in strength training programs across the country and

also is the most challenging and complex in technique (Algra, 1982).

It was stated above that the bench press exercise involves muscle

groups of the upper body. Among the primary muscle groups involved in

the performance of the bench press exercise are the pectoralis major,

the deltoids, and the triceps brachii. However, the extent of the

muscle involvement has not been determined by electrDmyography (EMG).

1
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The mec~anical performance of the bench press involves extension

end flexion of the shoulder and elbow joints. Resear'ch has demonstrat­

ed that the primary muscles involved in flexion of the shoulder joint

includes the pectoralis major and anterior deltoid (Thompson, 1977;

Gdrdner and Osburn, 1973; Kent, 1971; Lehmann and Lucci, 1969;

nkamoto, Takagi and Kumamoto, 1967; Clarke, 1966; Scheving and Pauly,

1959). Where as the primary muscle involved in extension of the arm is

l he t ric eps bra chi i (Travill, 1962 ) . The i nvol vem ent 0 f the pectorali s

Inajar, anterior deltoid, and the triceps brachii during flexion and

extension of the shoulder and elbow joints has been determined by

EMG. Since the bench press may be one of the most beneficial and most

widely used exercise by athletes for increasing muscular strength in

the upper body, more extensive research should be performed to

determine the function of the muscles involved in the bench press

exercise.

When investigating the muscular activity of the muscles involved

in a athletic movement the EMG is a valuable piece of equipment. The

EMG is used to obtain the electrical signals associated with the con­

traction of a specific muscle (Guyton, 1981; Winter, 1979). Therefore,

when a muscle contracts the degree in which the muscle is involved in

a movement may be associated with the amount of electrical activity

the muscle produces.

There is a lack of kinesiological EMG studies involving the

analysis of gross muscular function during isotonically performed free

weight contractions. The lack of EMG research analyzing--the isotonic

contraction was thought to be due to the uncontrolled velocity of the
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Jscle contraction (8igland and Lippold, 1954a). The uncontrolled

cjntraction made it difficult to interpret the EMG data. The use of the

[MG to analyze the function of the muscle groups involved in free

weight lifting exercises may provide researchers with the following

information: voluntary muscle activity; the muscles involved in a free

weight exercise; the chronological recruitment pattern of the muscles

involved in a movement; the tension developed in each muscle; the

degree and duration of the muscle involvement; and possibly the most

advantageous way to perform the movement. The information obtained

from the EMG analysis of the muscular function during isotonic, free

weight lifting exercises would be beneficial to strength coaches,

trainers, coaches, physical therapists and athletes.

The lack of kinesiological EMG studies analyzing eccentric and

concentric contractions during free weight lifting exercises, such as

the bench press, has limited the understanding of the muscular function

during the performance of free weight exercises. More research is

needed studying the muscular function during these type of free weight

contractions. This research will provide new information on the

performance of the specific muscles involved in the free weight bench

press exerc i se.

Statement of the Problem

The primary problem of the study was to electromyographically

analyze the muscle activity and function of the sternal and clavicular

heads of- the pectoral is major, the anterior deltoid, and 'the medial ­

head of the triceps brachii ~uring thepetformanceof the bench press

_.~--------------
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The second problelll uf the study was to determine the effects of

~ide, medium, and narrow grip width position, and the develo~llent of

_.scle activity for the sternal and clavicular heads of the pectoralis

,:jor, the anterior deltoid, and the medial head of the triceps brachii

curing the performance of the bench press exercise.

The third problem of the study was to determine the order of

I-ecruitment for the sternal and clavicular heads of the pectoralis major,

the anterior deltoid, and the medial head of the triceps brachii during

the eccentric (lowering phase) and concentric (pressing phase) contrac­

tions of the bench press exercise.

The fourth problem of the study was to determine the effects of the

shoulder joint angle on the muscle recruitment order, and the degree to

which the muscles are involved in the bench press exercise.

Purpose of the Study

It was the purpose of this research to provide kinesiological EMG

data which will contribute to the understanding of the muscular function

of the muscles involved in the performance of the bench press exercise.

The electromyographic testing of the response of the sternal and clavic­

ular heads of the pectoralis major, anterior deltoid, and the medial head

of the triceps brachii to different grip width positions, will provide

descriptive information which may be used to determine the role of each

muscle during the performance of the -bench press exercise. The specific

levels of muscle activity attained from each muscle group may provide

some-justification for the use of different grip width positions during

z



• t e fJel'formance of the bench press exerci se .,

Kinesiological electromyoyraphicresearch has been used to reveal

ri!ation about the interplay between specific muscles and their

5

',:c~ion during motion. However, many of the kinesiological EMG studies

r .1' e anal yzed the musc u1ar function duri ngath1e tic movements (Schap eka hn ,

')' Olgesby, 1969; Finanger, 1969; Garrison, 1965; rlint and Gudgell,

lCJ64; liermann, 1960). With the increasing use of free weight training

increase strength and improve muscle conditioning and performance,

tllCr"e is a need to determine the function of specific muscles involved

,lUl'l ng the performance of these free wei ght exerc i ses.

The bench press is one of the most often used free weight exercises

l r" ill1provi ng musc 1e condi ti oni ng in the upper body. The bench press

l'.ercise involves specific muscles of the shoulder joint and elbow joint.

"li<::efore, determining the activity of the specific muscle groups would

be very benefici al fer improving the performance of the bench press

\~ .. crc i se.

fhere is insufficient research investigating the muscle mechanics

,lnJ function for the bench press exercise. Since the bench press exer-

15e is frequently used for training purposes, an EMG analysis would be

',clpful for understanding the actual function of the muscle groups

Involved. In addition, it was of significant importance that a

d1stinction be made between the effects of a wide, medium, and narrow

rip width position on the muscle activity produced by the different

muscle groups. The lack of information on the muscle activity for the



',;!,ch press and other free weight exercises is enough reilson to warrant

iurther research. This research will hopefully present information

,,;cessary for increasing the understanding of the bench press exercise

d optimize it's performance.

Hypotheses

The following hypotheses were formulated and tested at the P<.05

1evel of significance.

1. There were no significant differences in the ratios of EMG

rlUscle activity (.85RM/lRt~) between the sternal and clavicular heads of

the pectoralis major, the anterior deltoid, and the medial head of the

triceps brachii, during the performance of the eccentric and concentric

contractions of the bench press exercise.

2. There were no significant differences in the ratios of EMG

nuscle activity (.85RM/IRM) between the wide. medium. and narrow grip

"idth positions. during the eccentric and concentric contractions of

~he bench press exercise.

3. There were no significant differences between the sums of the

recruitment order ranks for the sternal and clavicular heads of the

pectoralis major. the anterior deltoid. and the medial head of the

tr i ceps brachi i. duri ng the performance of the bench press us i ng a

... ide, medium, narrow, and normal grip width position.

4. There were no significant differences between the shoulder

oint angle and the EMG activity for the sternal and clavicular heads

f the-pectoralis major, the artterior delt~id, and the medial head of

the triceps brachii dUring the concentric contraction of the bench press.
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Ass umpt i ons_

The following assumptions were formulated regarding the

resea rch.

1. The subjects gave a true representation of a 1001 maximal

.uluntary contraction during the performance of the bench press exercise.

2. The subjects were all healthy, presently trained and performing

the free weight bench press exercise at least twice a week.

3. All subjects used and maintained correct lifting form during

the performance of the bench press exercise.

4. All subjects understood the procedures that were followed

throughout the testing.

5. The EMG data was randomly and independently sampled, and the

sample was analyzed with respect to the wide, medium, and narrow grip

width positions.

Delimitations

The research involved the following delimitations.

1. The sample size for the experimental group was delimited to

individuals who were experien.ced and presently trained in the perform­

ance of the bench press exercise.

2. The subjects must have trained with the bench press exercise at

least twice weekly for a period of at least one year prior to testing.

3. The subjects were delimited to individuals who could maximally

press the equivelent of the subject's own body weight.

4. The subjects were required to perform the bench press exercise



4i4IJ&&-------------------------
8

using stdnddrdized powerlifting form during all training Jlld testing

sessions.

5. All subjects perforrlled the bench press without vey'bdl or

other external motivation.

Limita t ions

The following limitations were involved in the Y'esearctl.

1. The resea rcher was unable to control for the subjec tis

individual physical characteristics such as muscle size, arm length,

shoulder width, and chest size.

2. The researcher was unable to control for individual motivational

techniques ~sed in preparation for performing the bench press exercise.

3. The researcher was unable to control for the thickness of the

subcutaneous tissue and percentage of body fat between the surface

electrodes and the muscle being analyzed.

4. The researcher was unable to contol for the velocity of the

eccentric and concentric contractions during the performance of the

bench press exercise.

5. The researcher was unable to control for individual shoulder

joint angles.

6. The researcher was unable to control for the subject's

individual training grip width position.

7. The researcher was unable to control for changes in the

maximal contraction.

>
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Bench Press: The bend IJress is a free wei 9ht uIJIJer body exerc i se

Lh involves flexion and extension in the muscles of the shoulder and

c"l~"J~i joints. The bench press involves two types of contractions, an

~cc~ntric contraction (lowering phase) and a concentric contraction

fu"cssing phase). The bench press is performed by lying supine on a

~cnch and supporting the bar over the chest with the arms. The bar is

lowered to the chest and then pressed back up to a supported position.

Action Potential: The action potential is the electrical signal

Jssociated with the movement of ions during the muscle membrane

depolarization (Basmajian, 1979).

Concentric Contraction: The concentric contraction is a

contraction in which the muscles involved shorten as the joint segments

lI10ve closer together. The concentric contraction is involved in the

pressing phase of the bench press exercise.

Eccentric Contraction: An eccentric contraction is a contraction

in which the muscles involved lengthen as the joint segments move

further apart. The eccentric contraction is involved in the lowering

phase of the bench press exercise.

Efficiency of Electrical Activity (EEA): The efficiency of

electrical activity was a term used to describe the effects of increased

muscular strength on the level of muscle fiber activation or recruitment.

[1 ectromyo~: The electromyograph is a hi gh ga in amp"' ifi er

with a preference or selectivity for frequ~cies in the range from about

.10,cycles per -second to several thousand. It is used for recording
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'1 potentials produced by the motor units llfiU the muscle fibers.

Electromyography: Electromyography is the study of the electrical

"Jl or action potential associated with the contraction of a llluscle.

Elbow Joint Angle: The elbow joint angle formed between the upper

.:'~J lovier arm segments. In this study the angle was determineu by

cJ5uring the angle formed between the head of the humerus and the

idpoint between the radial and ulnar styloid processes. The lateral

epicondyle was used as the axis point. The elbow joint angle was used

for determining the subject's wide. medium, and narrow grip width

positions.

Gri2-Widt~: The grip width position is the spacing between the

hands when grasping the bar. The three grip width positions were based

on the elbow joint angles. The wide grip width is represented by a 800

elbow joint angle. the medium grip is represented by a 60
0

elbow joint

angle, and the narrow grip width is represented by a 400 elbow joint

angl e.

Isometric Contraction: An isometric contraction is a contraction

in which the muscle fibers shorten while developing maximal tension.

however, there is no change in the joint angle involved.

Isotonic Contraction: An isotonic contraction is a contraction

in which the muscle produces the same alllount of tension while shorten­

ing against a resistance.

Kinesiological EMG: Killesiological EMG is, a study in which the

researcher is mainly concerned with the activity of the whole muscle

rather than individual motor units. Its~urpose is to reveal specific

musc'\es or rl1usclegroups, and their function during motion (Winter. 1979L
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Haximal Voluntary Con_~raction (MVC): Fo," this study, the II,aximal

,oluntary contraction was attained for the bench press exercise in

~rder to obtain maximal EMG muscle activity. The MVC is the maximal

J~ount of effort or force that a muscle is able to produce during a

contraction against a maximal weightload.

85% Maximal Voluntary Contraction: The 85% ~1VC is defined as

lifting 85% of the MVC, given that the width and position are similar.

The 85% was used to obtain 85% muscle activity for the muscles analyzed.

Ratio of EMG Activity: The ratio of EMG activity was determined

by 85% EMG activity/IRMN EMG activity. The ratio of EMG activity

represents the amplitude of EMG activity produced by the wide, medium,

an& narrow grip width positions compared to the maximal EMG activity.

Recruitment Order: The recruitment order refers to the order in

which the muscles are stimulated to contract.

Repetition Maximum (lRM): ThelRM is a term used to indicate the

maximal amount of weight that can be lifted for a singl~ repetition.

Repetition Maximum Using a Normal Grip Width (RM~Ll: For this study,

the RMN represents the maximal repetition using the subject's normal

training grip width position.

Quantitative EMG: The quantitative EMG is the study of the amount

of electrical muscle activity that is present in a given muscle under

varying conditions.

b
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REVIEW OF RELATED LITERATURE

Introduction

In the past, the knowledge of muscular function and contraction

was investigated and determined largely through palpation. Since the

introduction of the electromyograph, researchers have more precisely

determined the muscle involvement and activity during given movements.

Electromyography, when properly applied to the subject, provides an

excellent method for studying human muscle activity. The electromyograph

has been recognized as one means of sampling the activity of the motor

neurons that control motor units and muscle fibers. Electromyography

is the study of the amount of electrical activity produced by motor

units in a muscle under varying conditions. The EMG recording reflects

the muscle activation at a le~el of sensitivity at which palpation fails

to produce evidence (DeVrles, 1980).

The tMG signal occurs only and always in response to motor unit

- impulses. When the EMG activity is isolated in a recording, the activity

of a single motor unit during a movement can be determined. Electromyo-

graphy has become a useful tool for the in/estigation of muscle function.

By means o-f a multiple channel electromyogram, it is possible to

determine the particip~tion of a specific muscle during a contraction,

and t~eextent of_p1rticlpation during the performance of a certain

movement.

12
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In the past twenty years, the number' of kinesiological EMG

s:ul~ies investigating the muscular function of specific muscle groups

!1valved in particular athletic movements has increased (EloY'anta and

'omi, 1981; Schapekahm, 1977; Finanger, 1969; Flint et al., 1964;

lesby, 1964; Garrison, 1963; Hermann, 1960). These kinesiological

13

U'G investigations are mainly concerned with the function of the whole

muscle rather than isolated motor units (DeVries, 1980). The review

uf literature revealed limited research involving the kinesiological

EMG analysis of isotonically performed free weight contractions.

Therefore, the purpose of this research was to obtain kinesiological

EMG data on the muscles involved in the bench press exercise.

The review of related literature was divided into the following

areas:

1. Muscle Physiology

2. Kinesiological Electromyographic Studies

3. Electromyographic Responses to Muscle Tension

4. Bench Press

5. Summary

Muscle Physiology

Motor Units

The main factor involved in the study of electromyography is the

motor unit. It is known that each individual motor unit contracts
-

rhythmically and repetitively in response to an impulse reaching the

motor unit. However. not all motor units in a muscle contract at the

same moment. Throughout~n individual ~u~cle there i~ a complete



asynchrony of the motor unit contraction (BasmDJian, 1979). As the

motor units are contracting and relaxing asynchronously with twitch

14

like action, the result is a smooth contr'Jction of the muscle (f~asmajian,

1979). It has been demonstrated that when a impulse reaches a motor

unit, the motor units of the muscles involved follow the all or none

principle (Astrand and Rodahl, 1971; DeVries, 1980). A minimal

stimulus causes the individual muscle fiber to contract to the same

extent as a stronger stimulus does. The all or none principle holds

true for individual muscle fibers and motor units, but does not apply

to the muscle as a whole (Mathews and Fox, 1976).

In 1973 Bouisset stated that the smallest natural contraction is

a twitch, which is produced by the fibers of one motor unit. The

largest contraction is the synchronous tetanic contraction of all the

motor units in a muscle.

The number of muscle fibers that are controlled by one motor unit

varies greatly. Generally, muscles that control fine movements have

fewer muscle fibers per motor unit. The larger contracting muscles

responsible for gross movements control a greater number of muscle

fibers per motor unit. The number of human muscle fibers innervated

by one motor unit (innervation ratio) may range from 1 or 2 to almost

2000 muscle fibers.

It is known that the diameter of a muscle fiber varies from one

muscle to another, and the number and size of a motor unit plays an

important role in grading voluntary muscle activity (Fischer, 1961).

Therefore, the-size of a motor unit and-the numb~r df muscle fibers

innervated by the same nerve fiber could be different fo~ various

...cr'IPe _



In 1981 Belanger and McComas analyzed the extent of motor unit

activation ~uring effort. It was found that muscles capable of producing

larger to~ques and slower twitch speeds reflected greater muscle bulk

15

muscles.

Motor Uni t Recrui tllient

The tension developed by a muscle during a contraction depends on

the number and size of the motor units stimulated, the length of the

muscle fibers, the oxygen supply to the muscle, the frequency of the

stimulus, and the proportion of different metabolic motor units. The

recruitment of motor units usually occurs according to the size principle

so that the smaller or slow motor units become active first, followed by

the larger or fast motor units (Henneman and Olson, 1965). The smaller,

slow twitch motor units are called tonic units. They have been

classified as smaller units (Type I) and metabolically have fibers rich

in mitochondria, and have a high capacity for aerobic metabolism (Winter,

1979). The larger, fast twitch motor units are called phasic (Type II)

units. These motor units have little mitochondria and rely on anaerobic

metabolism (Winter, 1979).

The smaller or slow motor units have been shown to be recruited

first at lower stimulation thresholds and increase their firing rate at

lower muscle activation levels. The small motor units produce twitches

with a low peak tension with a long time to peak (60 to 130 m/sec).

The larger or fast motor units are recruited at higher stimulation thres-

holds and increase their firing rate up to maximal activation levels.

The twitches have large peak tensions in a shorter time (10 to 15 m/sec).

fa-
t
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and a higher percentage of slow twitch fibers. Also, during extreme

effort full activation of motor units were not achieved as easily.

In isometric work, the threshold for the slow motor units has been

shovJn to range from 0 to 50% of the maximal contraction. The range for

the fast motor units were 30 to BO% (Gydikov and Kosarov, 1973). It was

determined that the slow motor units attained their maximum discharge

frequency fairly early in submaximal contractions, where as the fast

motor units continued to increase their firing frequency up to maximal

tension.

The develpoment of tension in a muscle is due to motor unit

recruitment, and further tension is produced by the increase in motor

unit firing rates. In 1965 Woodbury, Gordon and Conrad stated that the

recruitment of motor units was due to the increase in the discharge

frequency of the active motor units (temporal recruitment) and the

increase in the number of active motor units (spatial recruitment),

and the synchronization between the contracting motor units. It was

known that each motor unit has a maximal firing rate and it is possible

that the maximal rate is reached just as a new motor unit is recruited

(Winter, 1979). When the tension is reduced, each motor unit decreases

its firing rate until a minimal rate is attained and then it drops out.

Each motor unit usually drops out in the reverse order in which it was

recruited (Winter, 1979).

Motor Unit Action Potentials

The action potential is the signal produced by the motor unit and

is recorded by the EMG. ActiotJ potentials are produced by biochemical

~!"
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cllan(Jes which occur in the motor nerve cell, axon, end plate and an

the Illuscle fibers it innervates (Denny-Brown, 1949). The patterns of

the action potentials reveal the activity of the muscle in response to

various movement patterns and postllt'es. It is the sum of the individual

action potentials which is usually demunstrated by the kinesiological

[MG. The interpretation of the fJ1G recording is based on the analysis

of the action potential parameters (t1agora and Gonen, 1975). The

analysis of the action potential parametel's include the amplitude,

duration and shape, and frequency.

In 1967 Basmajian explained the motor unit action potential as

occurring when an impulse reaches the myoneural junction. The wave of

contraction spreads over the fiber resulting in a brief twitch, followed

by a rapid and complete relaxation. The duration of the twitch varies

from 1 to 2 milliseconds, to as much as 2 seconds, depending on the

type of fiber involved (fast or slow). Since all the muscle fibers

of a single motor unit do not contract at exactly the same time, the

electrical potential developed by a single twitch of all the fibers in

a motor unit is prolonged to about 5 to 12 milliseconds. The result of

the motor unit twitch is an electrical discharge with an amplitude

measured in millivolts. The analysis of the EMG recording involves

the examination of the amplitude, duration, shape, and frequency of

the motor unit action potential.

The amplitude of the action potential spike is the sum of the

action potentials of the individual muscle fibers which are related

to spatial and-t~mporal summations (Basmajian, 1979). The amplitude
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of the action potentials are dependent on the dlameter of the lIIuscle

fiber, the distance between the active muscle fiber and tIle recording

site, and the filtering properties of the recording device as well

(Basmajian,1979). Therefore, the size of the action potential lIIust

be related to the action potentials from the sallie recordings. This

lIIeans that the absolute value of the action potentials cannot be

compared to the spikes from EMGs of different muscle samples. The

relative amplitude of the action potential spike directly indicates

the degree of muscle activity. In 1973 Komi related the amplitude of

the EMG activity to the tension developed by a muscle. Komi stated

that the EMG amplitude indicates the state of tension of the contractile

elements.

In 1965 Henneman et al. determined that initially, during a slight

contraction smaller motor unit action potentials were found to appear

first. As the force is increased, larger and larger motor unit action

potentials were produced, along with increases in motor unit firing

rates. This indicated that the action potentials from smaller or slow

twitch motor units are less in amplitude than the action potentials

from the larger or fast twitch motor units.

Our_ation and Shape

The duration and shape of the action potentials revealed certain

characteristics about the motor unit. The conduction velocity of the

muscle fiber is represented by the duration of the action potentials

(Basmajian, 1979). The relative time of initiation of_each action

potential is directly proportional to the differences in the length
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of the nerve branches, and the distance the Wdve of depoldri/dtiun

IlIuSt propagate alonC) the muscle fiber before it aplJroaches the

detectable range of the electrodes. The shape of the spike is variable

with the geometric organization of the lIlotor unit (Basillajian, 1979).

The action potential spike features of duration and wave pattern

distinguish one lIlotor unit frolll another motor unit. The shapes of the

action potentials are somewhat affected by the tissue between the lIluscle

fibers and the recording site. With the surface electrode, the

distance causes slightly prolonged durations of action potentials

(Basmajian, 1979).

Frequency

The frequency of the motor unit firing is strongly related to the

demand for muscle activity. The repetition of firing of the motor unit

potentials is reliably detected by surface electrodes in contractions

which are less than 50% of maximal voluntary contractions (Basmajian,

1979). The recruitment of motor units during an isometric contraction

showed the action potential signals to increase in frequency with the

development of force or tension. In addition, in contractions of

constant velocity the EMG activity is proportional to the tension

developed. Smaller motor units have lower stimulation thresholds and

increase their firing rate at lower muscle activation levels than do

1arger motor uni ts. It is the asynchronous fi ri ng rates of di fferent

sized motor units which produce a smooth contraction (Basmajian, 1979).

1
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Within the pilSt twenty yCJrs il new ilrea of research hcl5 beljun to

develop. This research involves the use of the electromyograph to

ana1yzC the fun ct ion 0 f a rn usc 1e dut' i nyapart icu1ar 1110 V elll C nt. This

area of research has been referred to as "EMG Kinesiology" (,Jonsson,

1973). The Kinesiologiclll [MG investigates how the rnOVell1Cnt of

specific body segments occur, and analyzes the function of the muscles

during specific movements.

There have been a large quantity of EMG studies completed

investigating selected muscle groups during the performance of a

variety of movements. The Et~G has been shown to be useful for

determining the muscular function of specific muscles involved in a

movement. This section reviewed completed research analyzing different

muscles and their function as they relate to the bench press.

In 1959 Scheving and Pauly, using EMG extensively researched

several muscles involved in the movement of the upper extremities.

The muscle groups examined in the study included the sternal and

clavicular heads of the pectoralis major, the anterior, medial and

posterior deltoids, the latissimus dorsi, and the serratus anterior.

The muscle activity recorded from the muscle belly of each muscle was

picked-up by bipolar surface electrodes. EMG recordings were measured

from the shoulder joint complex during the movement of flexion,

extension, abduction, adduction, and medial and lateral rotation.

The EM~ recordings_indicated that the sternal and clavicular heads of

the pettoralis major, and the antetiordeltoid were predominantly

I__rrbr .........._
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active durinu flexion of the shoulder joint. It WdS also evident from

the data that the clilvicular head of the pectoralis major was more

active than the sternal head during shoulder flexion. When the

shoulder was flexed against a resistance the amplitude and frequency

of the action potentials, froln the pectoralis major and the anterior

deltoid, were increased (Scheving et al., 1959).

During extension of the shoulder joint, the sternal and clavicular

heads of the pectoralis major, and the anterior deltoid were not

significantly active. Scheving et al., (1959) showed that during

extension of the shoulder joint, the latissimus dorsi was the most

active of the muscles studied. The posterior deltoid was also active

but less than the latissimus dorsi.

Experts in the area of weight training, and the bench press

exercise have stated that the sternal and clavicular heads of the

pectoralis major and the anterior deltoid are the primary muscles of

the shoulder joint involved in the performance of the bench press

exercise (Algra, 1982; Hatfield, 1981; Gillett, 1980; Rosentswieg,

Hinson and Ridgway, 1975). It was determined by Algra (1982) and

Gillett (1980), with an indepth biomechanical analysis of the bench

press, that the primary movement of the shoulder joint during the

performance of the bench press is horizontal shoulder flexion.

Algra (1982) also found that along ~ith the pectoralis major and the

anterior deltoid, the triceps brachii was the third major muscle

group involved in the bench press exercise.
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Tn 1962 Travill investi~Jated the function of the three heads of

the tl'iceps brachii, the long head, the lateral head, and the Illedial

head during extension of the forearm. Travill used bipolar concentric

needle electrodes that were placed into the muscle bellies of the three

heads of the triceps brachii. The recordings wel'e obtained with and

without applying resistance during extension of the forearm. The

observations made from the research showed that the medial head of the

triceps brachii was most significantly active during free movement of

the arm and during extension against a resistance.

With changes in the shoulder joint position during extension,

no significant changes in muscle activity were found in the medial

head. The lateral head of the triceps brachii was shown to have

slightly less muscle activity than the medial head during free

extension. However, during extension against a resistance the lateral

and long heads produce greater EMG activity than during free movement.

The EMG activity produced by the lateral head was greater than the EMG

activity produced by the long head. Travill's research showed the

medial head of the triceps brachii as the primary extensor of the

elbow joint. In addition, it was stated that the primary function of

the elbow joint during the performance of the bench press exercise was

extension (Gillett, 1980). These two factors could lead researchers

to assume that the most significant arm extensor muscle involved in

the bench press exercise is the medial head of the triceps brachii,

~lthough this has not been determined by EMG.

Du ri ng the performance-of the bench press exerc i se, the brachi um

is ~laced in horiLontal abduction. The degree of abduction-remains
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relJtively constant thr'olJ(Jhout the eccentric and concentr'ic contractions

of the exercise. The degree of abduction is usually determined by

individual physical characteristics and preference. However, no

r'esearch has been completed to determine the optimal degree of

abduction for the perfonnance of the bench press exercise. Abduction

of the shoulder joint has shown to produce muscle activity in the

deltoid muscles. The muscle activity in the deltoids increased

progressively during abduction, and became the greatest between 90
0

o
and 180 of shoulder abduction (Inman, Saunders and Abbott, 1944).

The muscle activity in the medial deltoid was greJter during abduction.

The posterior deltoid. anterior deltoid. and the serratus anterior were

also involved. and produced less muscle activity (Inman et al., 1944).

When the shoulder joint was adducted. the muscle activity showed the

pectoralis major as the primary muscle involved, and limited activity

produced from the latissimus dorsi (Scheving et al., 1959; Inman et al.,

1944) .

In 1969 Hinson investigated the EMG activity of the primary muscle

groups (triceps brachii, anterior deltoid, and pectoralis major)

involved in the performance of the push-up exercise. The mechanics of

the push-up are very similar to the mechanics of the bench press exercise.

Both involve the triceps brachii, anterior deltoid, and the pectoralis

major; both involve-flexion and extension of the shoulder and elbow

joints, and abduction of the shoulder joint. The muscle activity of

156 adult femaJ esubjects was detected by bi pol ar surface el ectrodes .

The subjects were placed into four groups: (I) let-down, least difficult;
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(2) knee PIISIl-up; (3) bench push-up; Jnd (4) full push-up, IlioSt

difficult. The research indicJted that the anterior fiber's of the

deltoid were predominantly active during the push-up portion of the

push-up exer'cise. The degree of muscle involvement decreased in order

with the anterior deltoid being the most active, the triceps brachii.

the clavicular head of the pectoralis major and then tile sternal head

ot the pectoralis major.

Hinson included both trained and untrained subjects in the study

of the push-up exercise. Hinson discovered that the EMG analysis

revealed a greater level of muscular involvement and activity for the

untrained subjects. than for the trained subjects while performing the

push-up exercise.

It was concluded that the greater a muscle was trained, or the

greater strength a muscle possessed. the less activation and recruitment

of additional muscle fibers was needed to contract against a given

muscle load (DeVries, 1980). The term "Efficiency of Electrical

Activity" (EEA) was developed to describe the effect of increased

muscular strength, or training on the degree of muscle fiber activation

and recruitment (DeVries. 1980; Fischer and Merhautova. 1961). It is

common knowledge that a muscle contracts greater against a resistance.

Therefore. the stronger a muscle becomes through training, the greater

efficiency it has when contracting against a resistance. The effect

that strength training has on EMG activity produced by a muscle has

been demonstrated -by Thorstensson. Karlsson. Viitasalo, Luhtanen and

Komi, 1976; Komi and Buskirk-. 1972. The research showed that the EMG

activity produced by~ m~scle decreased after training, indicating a
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n:elilction in the [MG ilctivity LIS a l'esult of trainirH] ilnel increasing

the str'ength of the muscle.

Since the development of electromyography, the study of muscle

tension has been one of the most important functions investigated by

electromyography. Another significant function researched in

kinesiological EMG studies has been the function of the muscles during

specific movements. When researching the function crf a muscle during a

specific movement, it becomes important to know the tension developed

by that muscle. The EMG activity is most often used as a yuantitative

measure of the amount of neural energy required to produce a certain

level of muscle tension (Komi and Viitasalo, 1976).

The first useful information produced by the investigation of

EMG action potentials resulted from the work of Bigland and Lippold

(1954). The research showed that the tension developed, the velocity

(nerve conduction velocity) and the electromyogram are interdependent.

The electromyogram was useful for providing a complete and composite

picture of the number and frequency of active muscle fibers.

Many of the EMG studies investigating muscle tension development

ln specific muscle groups have dealt with lsometric muscle tension

(Komi et al., 1976; Milner-Brown and Stein, 1975; Vrendenbregt and

Rau, 1973; Inman, Ralston~ Saunders, Feinstein and Wright, 1952).

The predominant reason for studying muscle tension under isometric
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On the other hand, previous studies researching Illuscle tension under'

isotonic conditions were shown to be difficult. Bigland et ell. (1954)

felt the difficulty was due to the velucity and the uncontrolled

nature of the muscle contraction. Since then there has been an increase

in the number of studies analyzing the EMG activity of isotonically

performed movements.

Other investigations examined the reliability of the data from the

use of surface electrodes positioned over human muscles during active

muscle contractions at different intensities of muscle contraction,

or tension development (Viitasalo and Komi, 1975; Vredenbregt et al.,

1973; Inman et a1., 1952). The results indicated that surface electrodes

provided reliable and valid information concerning the frequency and

amplitude of action potential spikes during active muscle contractions.

The amplitude of the action potential spikes and how they relate to the

development of tension was in agreement with the description provided

by Henneman et a1. (1965). The action potential activity was found to

be directly related to the tension developed during isometric contrac-

tions, and contractions of controlled velocities.

Isometric Contraction

The isometric contraction was researched quite extensively using

a majority of muscle groups, and under varying conditions using
--

electromyography. Research by Lippold (1952) has contributed significant-

ly to the study of muscle tension development during isometric

contractions. Li~po1d (1952) had shown that the EMG .activity produced

by. a muscle was proportional to the tension produced.by an isometric

contraction. DeVries (1980) stated that the main physiological factor
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bellind tension development is tllat wilen tension 15 develuped in il

IIluscle, tllere exists il recruitillent of a greater J1lJIIlber uf illataI' units.

[he greilter the tension produced in il muscle durinlj d cuntrdction, tile

yreater the actlon potential amplitude.

In 1976 Komi ilnd Viitasalo studied the effects of different levels

of muscle tension on theEMli signal. Komi et al. (1976) investigated

the EMG activity produced by the rectus femoris muscle of 12 male and

femille subjects. 8ipolar surface electrodes were used to detect EMG

muscle activity from the rectus femoris. The EMG activity obtained

from maximal and submaximal isometric tensions (201, 40t, 60% and 80%)

of the rectus femoris were analyzed. A specially designed dynamometer

chair was used for the testing. The results of the research showed

that greater tension and greater muscle activity was produced from the

upper portion of the rectus femoris, than from the lower portion. It

was also found that as the muscle activity and tension increased,

the percentage of force of the contraction increased. The increase

in tension during a muscle contraction is consldered to be due to both

the recruitment of new motor units ana the increase in the firing rate

of active motor units (Adrian and Bronk, 1929; Ruch, 1963).

Ponak (1980); ~1ilner-f)rown (1975); Vredenbregt et al. (1973)

obtained similar results as Komi et al. (1976) whi)e studying the

deveJopment of musc"le tension during isometric contractions. The

research showed that both the muscle tension and muscle activi~y

increased as the force of tne contraction increased. Therefore, as

the muscle exerts greater forc~ against a resistance, or a wejgnted

bas as with the bench press, both the muscle activity dn& muscle
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Lensiun increased.

In 1968 OeVrles investigateu the effect of Illuscle tt'alning ur

IIluscle efficiency as measured by electrlcal output. The IlIeJn force of

IJre-crailiing lSOllletrlC muscle contractile strength and pre-training

efficiency of eiectrical activity, which is the percentage of the

muscular contractile foy'ce to the amplitude of recorded action

1J0tentials, was determined. The trainlng groups were lnvolved in a

strength training program for 41nonths, ThlS included trcllnlrlg the

flexors and extensors of the right elbow and the right dorsi flexor

of the ankle. The results of the study indicated tllat when maximal

strength incI'eased signlficant"ly due to training, the efficiency of

the electrlcal activity level increased significdlltly. The unexercised

muscle did not change in either strenljth or efficiency of the electrical

activity level.

It was determined by DeVries (1968) that changes in the efficiency

of a muscle contraction fonowing strength training may be demonstrated

by tne fall in electrical output of the activated muscle. The research

snowed that as a muscle increases its strength trom tralning, the

involved fibers become more effective when producing tension. Therefore,

either fewer motor units are recruited, or the same motor units fire at

a slower stimulation rate, to produce ~ given level of isometric tension.

rreVries (1968) also discovered that one subject increased strength

in the unexercised arm along with the exercised arm. However, the

muscle efficiency which was measured by electrical output was not lower

in the unexerc i sed arm. DeVri es fel t that the unexerci sed arm im-proved



decrease when the muscle was stretched prior to recording. The findings

varies with the length the muscle was stretched under isometric

conditions. Inman and associates found that the EMG amplitude would
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only Oil d neueologicdl bdsis. This involves ledrning to innervdtc

illOtOt' units which would not chdnge the level of electricdl activation.

It is dlso believed thdt cross excitation IIldy pldy d role in the

trdrlsfer of dctivity to the unexercised side. In 1975 Gregg, Mastellone

dnd Gersten found thdt the overflow to the unexercised, contraldteral

illuscle was greater after training against a resistance, than when

training against no resistance. The overflow of activity was found to

be betwee n 1a% and 20% 0 f the IIIaxi IIIali ntens ity 0 f act i vi tyin the

exercised muscle (Moore, 1975). This phenomenon may explain the role

of motor learning in cross-education and early gains in strength, before

muscle hypertrophy occurs.

In 1979 Moritani and DeVries tnvestigated the effect of muscle

activation levels (motor learning) versus true muscle hypertrophy

(morphological changes) on strength increases. The results from the study

demonstrated that the neural factors (increased innervation of muscle)

played a major role in strength development at early stages of strength

gains. The hypertrophic factors gradually dominated over neural factors

in the contribution to strength gains. The significant gains in

strength observed at the early stages of training was not accompanied

by a significant increase in the cross-sectional area of the muscle.

This factor may explain the major role of the neural factors in the

early course of strength development.

In 1952 Inman et al. noted that the tension a muscle develops
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indicated that when the muscle was fully stretched or lengthened

prior to contraction, greater 1I1axililill tension was developed. However,

the EMG activity produced was reduced.

In contrast, when a muscle was in a shortened position prior to

contraction, less maximal tension WdS developed. However, the EMG

dctivity remained maximal. These results also indicated that the EMG

activity was directly related to the tension exerted in as isometric

contraction (Viitasalo and Komi. 1978; Vrendenbregt et al., 1973;

Inman et al .• 1952).

Isotonic Contraction

Normal everyday human movements are performed mainly by eccentric

and concentric contracting muscles (Komi and Rusko, 1974; Komi. 1973).

The eccentric and concentric contracting muscles allow the various body

parts movement through a complete range of motion. As disscussed above,

the isometric contraction was used more often to study the relationship

between the EMG activity and the develo~nent of muscle tension in

contracting muscles. As a result, there is limited research analyzing

the response of the EMG activity and muscle tension during eccentrically

and concentrically contracting muscles.

In 1956 Asmussen discovered that the integrated EMG activity of a

muscle, which was shortened against a resistance (concentric contraction)

was greater than when the same muscle was lengthened against a resistance

(eccentric contraction) while lifting the same weightload.

In 1953 Bigland-and Lippold tested 5 young adult mates and females.

A special dynamometer was tonstructed- to permit i~otonic contractions

1- ~
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of the qastronelllious muscle dur'ing pldntdr' flexiun. lilis dyrhlilloilleter

was used so the subject could control the velocity of the contr'action.

Action potentials were recorded by surface suction electrodes. It was

determined that at a constant velocity, during either shortening or

lengthening of a muscle, the EMG activity was dir'ectly proportional to

the tension produced. The amplitude of EMG activity was greater in a

muscle during shortening than during lengthening. The research showed

that at a constant tension the electrical activity increJsed in a linear

manner with the velocity of shortening. Although, the tension seemed

almost independent of the speed during lengthening of the muscle.

In 1973 Komi researched the relationship between maximal muscle

EMG activity and maximal tension development of the elbow flexors.

The measurements of the elbow flexors were made at different velocities

for both concentric and eccentric contractions. A special dynamometer

which was powered by an electrical motor to control the velocity of the

contraction was used. The range of movement at the elbow joint was

1200 (500 to 1700
) which corresponds to a 7 centimeter change in the

length of the biceps muscle of an adult man. The muscle activity was

picked-up by inserted wire electrodes. The results of the research

indicated that during a concentric contraction, the muscle activity of

a muscle was dependent on the velocity of the contraction.

These findings were consistant with the research by Wilke (1949)

who investigated the development of muscle tension during the isotonic

contraction of :the arm. Wilke found that during a isotonic contraction

the faster a muscle shortened, the greater the EMG activity prod liCea.
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The amount of EMG activity was associated with the amount of tension

developed by a muscle. Therefore, ilS the tension increases in a muscle

the EMG amplitude and frequency (activity) also increases.

In 1950 Sullivan electromyographically investigilted the medial

biceps brachii of 8 subjects during voluntary mov~nent. Recordings

were obtained during flexion and extension of the elbow joint against

a resistance of 10 to 20 kilograms. The forearm was placed in both a

supine and pronated position. Elbow positions at 135, 90 and 45

degrees of flexion were recorded. Sullivan reported that repeated

recordings from one subject, taken during the same testing session.

were similar. In addition, repeated EMG recordings from one subject

within an interval of several weeks were also similar.

Sullivan (1950) concluded that each muscle is made up of many

motor units and that all the motor units are not active during the

same movement. All movement is initiated by a slow response of a few

motor units. As the tension increases during a contraction, the motor

units increase the frequency of firing and other motor units are

activated. However, when the increase of tension is stopped and the

effort maintained, all the responding motor units continue to fire in

an asynchronous rhythmic discharge. If the tension was developed

gradually, there was a consistant increase in the discharge frequency

up to the maximal rate attained. This was followed by a gradual

decrease in the frequency of firing as the tension was slowly decreased.

A second study was completed by Bigland and Lippold (1954b) in
-

which_they measured the motor uni_!~ctivity during the voluntary

contraction of a muscle. Big-land et al. (l954b) investigated the
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function of the abductor digiti minimi brevis and the ahductor pollicis

thr'ough the artificial stimulation of the ulnar nerve. It was the

purpose of the research to determine the relationship between the fre-

quency and the tension produced. In addition, recordings of action

potentials associated with the motor unit activity and tension develop-

ment in the muscles were measured. The results of the study indicated

that a rise in stimulation frequency produced a proportional rise in

the Illuscle tension until a certain frequency was reached. Further

stimulation above that point caused no additional increase in muscle

tension. This information was interpreted as an indication that full

tetanic frequency in a muscle was reached. Bigland et al. (l954b)

concluded that the increase in the contraction of a muscle was brought

about mainly by motor unit recruitment. with the exception of the

muscles at very low or high contractile strengths in which the frequency

of firing was increased.

It was also stated by Bigland et al. (1954b) that the measurement

of the electrical activity could be obtained by determining the area

under the action potential curve. It was determined that the height of

the integrated action potential curve was a direct function of the

number and frequency of the discharging motor units. During a voluntary

contraction, the tension was found to be proportional to the measurable

EMG activity under both isometric and isotonic conditions.

In conclusion, the research completed analyzing muscle tension

development using electromyography, determined that the increase in
-

tension during a muscle contraction was due to both recruitment of new

motor units and the increa-sed fi ring fate of active motor uni ts,

7R
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(lJJSllluj idil, 1979; Komi et al., 1976; Komi, 1973; UeVries, 1%13;

\~oodbury et a1., 1965; 8igldnd et al., 1954; Adrian et u1., 1929).

Where dS Person and Kudina (1972) felt that the increase in tension

vias caused only by the recruitment of ddditional motor units.

As discussed above, motor units were shown to be recruited

accordiny to the size principle (Henneman et a1., 1965). This indicated

that the smaller or slow motor units became active first, and then the

larger or fast motor units were recruited as the muscle tension

increased (Henneman et al., 1965; Gydikov et al., 1973). During

isometric contractions, the threshold for the slow motor units to

initiate firing was shown to range from 0 to 50% of the maximal

contraction. The faster motor units initiated firing at 30 to 80% of

a maximal contraction (Gydikov et al., 1973).

In the research presented by Gydikov et al. (1973) it was concluded

that the slow motor units attained maximal discharge frequency fairly

early during submaximal contractions. A steady firing rate was

maintained by the slow units during a maximal contraction level. On

the other hand, the fast motor units continued to increase the firing

rate up to maximal tension. The muscle activity was related to the

discharge frequency of active motor units. Therefore, as the tension

in a muscle increased, the number of motor units that were previously

active proportionally increased.

Benc h Press
-

The binch press exercise is a free weight isotonically performed

exercise, and the primary exerd se used to strengthen and improve the-
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the efficiency of the muscles of tIle upper body. lhe perfunlldnce of

the bench press exercise is divided 1nto L phases, the lowering phase

and the press i ng phase. The 1ower'i ng phase or the eccentr ic contrac t ion

involves the lowering of the bar to the chest, and the pressing pt1ase

or concenU'ic contraction involves the pressing of the bdr upward until

the arms are fully extended. During the eccentric contraction the

muscles involved lengthen, while during the concentric contraction

the lIluscles involved shorten. The bench press exercise was designed

to develop specific muscles of the chest, shoulder and arm. The primary

muscle groups determined to be involved in the execution of the bench

press included the pectoralis major, the anterior deltoid, and the

triceps brachii (Algra, 1982; Gillett, 1980; Rosentswieg, Hinson and

Ridgway, 1975).

In 1954a Bigland et al. found that greater EMG activity was produced

by a muscle during shortening (concentric contraction) of the muscle

fibers. During lengthening (eccentric contraction) of the muscle fibers

less EMG activity was recorded. These findings could possibly be relat-

ed to the muscle contraction during the performance of the bench press

exercise. Since the research states that the EMG activity is gr'eater

during the concentric contraction of a muscle, it may be assumed that

the pressing phase, in which the muscle fibers shorten, produces the

greatest muscle activity. On the other hand, less EMG activity was

recorded during the eccentric contraction of a muscle. This indicates

that during the lowering phase of the bench press, in which the muscle

fibers lengthen, less EM<Lmuscle activity is produced.
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fhe bench press exercise involves both extensiun and flexion of

the shoulder and elbow joints. Research by Scheving et al. (1959)

indlcated that during extension of the shoulder joint ( the rnoveillent

involved in the eccentric contraction or lowering phase) the pectoralis

IIlajor and the anterior deltoid were not significantly involved.

However, during flexion of the shoulder joint (the movement involved

during the concentric contraction or pressing phase) the pectroralis

major and the anterior deltoid muscles produced significantly greater

muscle activity.

The triceps brachii was determined as another primary muscle

involved in the performance of the bench press exercise. During the

execution of the bench press, the elbow joint moves through flexion

and extension. Research conducted by Travill (1962) stated that the

greatest EMG activity was produced during extension (shortening of the

muscle) of the elbow. Extension of the elbow joint occurs during the

pressing phase of the bench press exercise.

In 1980 Gillett stated that during the eccentric contraction or

lowering phase of the bench press, the shoulder joint moves through

horizontal extension~ while the range of motion at the elbow joint was
o

from complete extension to about 120 of flexion. Gillett's analysis

showed that the controlled lowering of the weight was achieved primarily

by the eccentric contraction of the pectroralis major and the anterior

deltoid. However, this was not in agreement with the results that

Scheving et al. (1959) pres~nted. The same muscles serve as the

primary movers during the concentric contraction or pressingptTase of
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UIC bench pr'ess exerc ise.

Anotller area of the bench press exercise that researchers have

ignored is the determination of an appropriate grip width position.

No research was found involving different grip widths and their effect

on the performance of the bench press. Authorities involved with the

bench press and authors of weight training books suggested that a stand­

ard grip width is slightly wider than shoulder width (Algra, 1982;

Todd, 19"18; Schwarzenegger and Hall, 1977; Columbu and Fels, 1977;

Starr, 1976). However, due to individual physical characteristics a

standard grip width might not be approprate for all individuals.

Investigators involved in studyin~ the bench press have stated

that individuals should grip the bar at a width that feels most

comfortable (Algra, 1982). Although individua'is with longer arms

usually prefer a somewhat wider grip, while those with shorter arms

often find that a narrow grip width works better. Algra (1982)

theorized that a wider grip width placed greater pressure on the outer

part of the pectoralis major and deltoid muscles. As the hand position

moved closer together, so did the point of pressure. It was also

theorized that when using a narrow grip width, the pressure was placed

on the inside of ~he pectoralis muscle and the triceps muscle (Algra,

1982). Gillett (1980) theorized that a wide grip width involved the

clavicular portion of the pectoralis major, while a narrow grip width

involved the sternal head of the pectoralis major and the triceps

brachi i .



38

In 1975 Hosentswieg, Hinson and flid(jway perforrlled an U1G analysis

on the bench pr'ess exer'cise. The analysis was per'fonned on an

isokinetic bench press apparatus. Eleven college feflldles ~erfonlled 3

trials at 3 different speeds (1.5 sec., 2.0 sec., and 3.5 sec.j3 ft.).

Bipolar surface electrodes were used to detect the nluscle activity from

the anterior deltoid, pectoralis major and triceps brachii. The bench

press was performed with the hands in a pronated position with the

elbows flexed at a 300 angle. The measurement of the flexed elbow

joint angle was made using a goniometer, while the hands were positioned

at chest level. Rosentswieg et al. (1975) used the elbow joint angle

as an indication of the subject's grip width. All elbow joint angles

a
were measured at a 30 angle. This was done to maintain a consistant

grip width position for all subjects. However, grip width data was

not presented in the study.

The findings showed that the muscle action potentials for the

slowest speed setting (3.5 sec./3 ft.) elicited a much greater output

of muscle activity than the faster speeds (1.5 sec. and 2.0 sec./3 ft.)

for each muscle. Rosentswieg et al. (1975) theorized that a greater

amount of work being done over a longer period of time might be the

reason that the slower speeds appear to develop strength quicker than

isokinetic contractions using faster speeds. This may be explained by

the fact that when training at slower speeds, a higher demand is placed

on the muscle, thus a greater number of fast(l~rge) twitch motor units

respond for that activity. The fast twitch motor units are recruited

at higher stimulation thresholds and fire up to maximal activ~tiDn

levels. The muscles involved in this analysis worked for a longer
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period of time at a slower contraction speed. This indicdted that the

fast Illotor units wer'e firing at near maximal levels for a longer time

period, than the motor units firing at faster contraction speeds.

I-herefore, when training a muscle with greater demands on fast twitch

motor units, and firing rates near or at maximal levels for J longer

period of time may facllitate greater strength and hypertrophy in a

muscle, than when training at faster contraction speeds. When training

at faster contraction speeds fewer fast twitch motor units are recruited

less often, so increases in strength and hypertrophy fail to occur.

In 1971 Santomier performed an EMG analysis of specific muscle

groups during the performance of several isotonic free weight exercises.

Santomier analyzed the pectoralis major and various other muscle groups

during the performance of the bench press. Santomier found that the

pectoralis major elicited the greatest integrated EMG muscle activity.

During the performance of any athletic movement, it becomes

important to determine the involvement of the contributing muscles.

The muscles involved in a movement are often analyzed individually to

distinguish its specific function. It is common knowledge that when a

group of muscles are involved in a movement or contraction not all

muscles contract at the same time. The participation or involvement of

a muscle during a movement is dependent upon the impulse sent, and when

the muscle receives the neural stimulation from the brain. The brain

learns the pattern of the bench press movement as it does with any

other movement. When the bra in performs a 1earned movement, it responds

by increasing-the neuromuscular activity to the muscles involved in

,.
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the movement (l3asmajian, 1979). During the ~)t:'rforrnJnce of the bench

press, the muscles involved are recruited i.lt certain points. Ihe

specific moment of recruitment can be deterlllined \'Ihen the brJin

increi.lses the neuromuscular activity in the muscles JS they become

involved in the contraction of the lift.

Studies by Forrest and Basmajian (1965) and GJslllajian and Latif

(1957) have indicated that the interplay of motor units and their

function are dedicated to specific postures and movements. This cleat'ly

indicates that the positioning of a limb during a movement is

predetermined by a certain set of motor units which control the joints

and muscles to produce that movement (Basmajian et al., 1957). The

learned patterns are referred to as "specificity" (Forrest et al.,

1965). Forrest et al. (1965) felt that specificity occurred when the

image of a movement was learned by the brain, and the spinal motor

neurons were dedicated to that learned response of a body part's

specific movement through space. However, the ultimate performance

of a skilled movement depends on the reproducibility of the movement

pattern (Basmajian, 1977; Payton, Su and Meydrich, 1976).

The research discussed above may be related to the individual

level of training. A well trained experienced lifter in the bench

press develops a learned image in the brain of how to perform the

movement pattern. The image of the bench press movement is stored in

the brain and regardless of the amount of weight being lifted, the

movement pattern of the muscles and joints should be consistent lift

after lift. This learned image proves·to be important for the success
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of the beflch press. If duri fig the execut ion of the 1 i It till: sllCJuldcr

joint deviates from its learned movement pattern. it may alter the

i fI vol vement 0 f s pecif ic musc 1e 9r 0 ups causin9 the con t t' act ion t 0 be

less effective.

In order to understand the mechanisms behind the movement and the

function of muscle control. it has been essential to analyze the

function of the basic structures. Electromyography was developed as

a scientific method of investigating muscular function and coordination

during movement. EMG studies have investigated the response of muscle

involvement by analyzing the electrical activity of neuromuscular

movement. The phenomenon of muscle behavior patterns during various

contractions have been explained to be the result of various neuro-

muscular mechanisms. Research investigating the neuromuscular

involvement during the contraction of isotonic free weight training

exercises is very limited. Although, this type of research will provide

a basis for the development of neurophysiological principles that can

be applied to free weight exercises.

The research demonstrated characteristic patterns of muscle

activity and how the activity responds to the tension developed during

a contraction. The EMG response to an isometric contraction is

proportional to the tension developed by the muscle. Both the muscle

activity and the muscle tension increases as the force of the

contraction increases. During contractions in which increases or

•
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decreJses in joint angles OCCUlTed, dt constant velocities, the [MC

activity was found to be directly proportional to the tension developed

by the muscle. The EMG activity l.lr'oduced by d muscle WdS qreater

during the concentric contraction of a muscle than during the eccentric

con t I'act ion . 0uri n9 a concent I' icc 0 ntr act ion the EM G act i vi ty was

dependent on the velocity of the contraction and the tension produced

by the muscle. The incredsed stimulation frequency of a Illuscle is

responsible for a proportional increase in muscle tension. DUI'ing

voluntary contractions the muscle activity was found to be proportional

to the muscle tension for both isometric and isotonic contractions.

Kinesiological EMG research has been useful for determining and

analyzing the function of a muscle during a specific movement.

Researchers in this area are more concerned with the function of the

whole muscle rather than the function of individual motor units. It

was determined that the sternal and clavicular heads of the pectoralis

major and the anterior deltoid produced the qreatest EMG activity during

flexion of the shoulder joint. The latissimus dorsi produced the

greatest EMG activity during extension of the shoulder joint. The 3

heads of the triceps brachii were also investigated during extension of

the elbow joint. The medial triceps produced the greatest EMG activity

during extension, and was recognized as the primary extensor.

When reviewing the research on trained and untrained muscle groups,

the trained muscle group always produced lessEMG muscle activity than

the untrained muscle. This demonstrated that when a muscle was trained,·

it contr--acted with greater efficiency. As a muscle·obtained greater

strength ,the muscle required less acti v~tion andrecrui tment of
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JelelilionJl IIluscle fibers to contract ag<1inst <1 wei(Jlltiodd.

The fr°ee weight bench press exercise is consider'eel one of the

primary exercises used to strengthen and improve the fJerforJllance of

the muscles of the upper body. There are 3 main muscle groups

primarily involved in the bench press exercise, the pectoralis mClJor,

the deltoid muscles, and the triceps brachii. The bench press exercise

hCl5 been divided into 2 phases, the lowering phase. and the pressing

phase in which the muscles lengthen and shorten, respectively. The

mechanical functions of the shoulder and elbow joints during the bench

press exercise includes extension and flexion. It was determined that

the primary muscles involved in flexion of the shoulder joint were the

pectoralis major and anterior deltoid, where as the triceps bradii was

dominantly involved in the extension of the arm.

The results of theEMG analysis of human muscle during a variety

of active and passive movements have demonstrated the principles

developed by neurophysiological research. Necessary to the understand­

ing of the EMG is the concept that the action potential signals are

produced by motor units. The size of the motor nerve determines the

motor unit structure and function. The recruitment of motor units

occurred according to the size of the motor units. The smaller motor

units are recruited first followed by the larger motor units. The

increase of tension in a muscle is due to motor unit recruitment and

the increase in their firing rates. The review of literature demonstrat­

ed a need for further study concerning the function of the muscle during

isotonically performed free weight training exercises.



CHAPTER I I I

t1ETHODS

Introduction

It was the intent of this investigation to analyze the

electron~ographic (EMG) activity and function of the muscles during the

eccentric and concentric contractions of the bench press exercise.

The study includes the analysis of the muscle activity produced by the

sternal and clavicular heads of the pectoralis major, the anterior

deltoid and the medial head of the triceps brachii. The muse·le activity

produced by these muscle groups were analyzed while performing the bench

press exercise using a wide. medium. and narrow grip width position.

The EMG activity was used to determine the recruitment order for the

muscle groups during the concentric contraction (pressing phase) of the

bench press. and the degree of involvement of the muscle groups for each

grip width position.

Subject Selection

The sample size selected for the research consisted of twenty-eight

(N=28) trained volunteer male subjects from the University of Wisconsin­

La Crosse. The subjects were restricted to individuals experienced and

currently trained with the free weight bench press exercise. Trained

subjects were determined by the following criteria; 1) the subjects

were required to be experienced and knowledgeable in the performance of

the bench press exerci se; 2) subjects who par-ttci pated in wei ght tra i ning
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llt lellst 3 times a week llnd performed the bench press exercise at least

2 times per week; 3) the subjects wet'e required to lIse cor-roct lifting

form and technique throughout the lift, according to the powerlifting

rules for the bench press (Appendix A); 4) the subjects were required

to bench press at least the equivalent of their own body weight; and 5)

the subjects were required to hllve llt lellst one year's exper'ience

performing the bench press exercise.

The subjects met twice with the investigator, first to determine

the elbow joint angles and to determine a single repetition maximum

(lRM) for the bench press. The second time for the actual EMG recording

of the 1RM and 85% of the 1RM for the wide. medium. and narrow grip

width positions. Prior to any testing, all subjects were required to

read and sign the informed consent form explaining the purpose and

procedure of the study (Appendix B).

Instrumentation

Electromyograph

A 4 channel TECA Electromyograph recording unit, Model TE-4, was

used to retrieve, amplify and record myoelectrical action potentials

from the muscle groups being analyzed (sternal and clavicular heads of

the pectoralis major, the anterior deltoid, and ~he medial head of the

triceps brachii)during the performance of the bench press exercise

(Figure 1). In 1973 McLeod stated that the electromyograph was capable

of signal handling. which includes amplification and recording of

myoel~ctrical signals. The TECA TE-4 fiber optic paper recorder,

recprded the EMG activity from the o$ci 11 oscope record. The same paper
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Figure 1. The four channel TECA TE-4 electromyograph
used to retrieve myoelectrical activity. The TECA TE-4
electromyograph includes the TECA PA 62A preamplifier,
the TECA AA6 MkII amplifier, oscilloscope, chart
recorder, and NS6 stimulator.
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recol'ding speed, 2 clil/sec" vldS used to record the [t~G action potentials

produced during the eccentric and concentric contractions,

~_reil!!1j~_iJJ~. The TECA rA 62A preampl i fiers were used to cunduct

ililpulses fr'oll1 the electrodes to the amplifier without the influence of

unwanted electrical effects which would distort the EMG signal (Figure

1) . The preamplifier amplifies the action potentials to a sufficient

voltage for recording (Johnson, 1980). The preampli"fier also filters

unwanted electrolytically generated DC potentials, without altering the

EMG signal (TECA,1976).

Amplifier. The TECA AA6 MK II amplifiers were used to magnify the

signals from the electrodes. The 4 channels were used to record the

muscle activity from the sternal and clavicular heads of the pectora}is

major, anterior deltoid and the medial head of the triceps brachii.

The amplifiers were equipped with a frequency filter and a voltage gain.

The frequency filters were set at 16Hz (low frequency) and 16KHz (high

frequency) to filter interference. The filter setting selectivity

eliminated amplifier noise and movement artifact without significant

loss of motor unit potentials (Basmajian, 1979). The voltage gain was

calibrated to a setting of 5000 millivolts per major division or 5 kilo-

millivolts throughout the duration of the study. The voltage gain is

responsible for fluctuating the amplitude (millivolts per division) of

the action potentials.

Measurement of Muscle Activitt

The myoelectrical acti~ity obtained from the EMG recordings were

measured using ~ TECA trace analyzer (Figure 21. The trace analyzer

I___.J._' _
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Figure 2. TECA Trace- Analyzer.
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IIICJSlH'ecJ the Jmpl itude of the muscle action potentials in kilu-

IIlillivolt~ per minor division, or 5 kilo-millivolts per mJjor division.

The major division line on the trace analyzer was lined up with the

midpoint of the action potential recording. Using the minor deflection

marks, the amplitude of the positive action potential deflections

(upper portion) and the amplitude of the negative action potential

deflections (lower portion) are added together to obtain the total

action potential ~mplitude. The total action potential amplitude was

used for the analysis. The TECA trace analyzer measured the action

potential deflections. produced by the muscles, at the point on the

recordings where the amplitude and the frequency of the spikes were the

greatest. At those points. the amplitudes obtained in millivolts

represented the maximum muscle activity produced by each muscle group

for the lRM and the 85% of the lRM.

For the analysis of the EMG activity produced by each muscle. a

ratio of EMG activity was determined. The ratio was obtained by

diViding the 85% EMG activity from the wide. medium, and narrow grip

widths into the maximal EMG activity obtained from the lRM using a

normal grip width.

.85 EMG activity
(Ratio of EMG activity = lRM N EMG activity. lRM N = Repetition maximum

using a normal training grip width. Eighty-five percent of the lRM was

arbitrarily selected for the wide. medium. and narrow grip width as the

weightload ~sed. The ratio of maximal EMG activity was used because

-differences exist betwee-n indivjdual physical characteristics. The

physical characteristics that may alter the EMG signal from one
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individual to another includes muscle size, cross-sectionill Mea of a

muscle over which the electrode was placed, the distance of the

electrode from the muscle, the subcutaneous fat and skin thickness.

Me_~_s ur em ent 0 f Sh0 u1der J 0 i ntAng1e

A Cannon 35 mm camera was used to photograph the subject's shoulder

joint angle while the bar was held motionless on the chest. The camera

was positioned at a height of 7 feet to the supine subject's dominant

shoulder. The subject1s shoulder joint angles were determined for the

wide, medium, narrow, and normal training grip width positions (refer

to Figures 6,7,8, and 9). The shoulder joint angles were determined

by measuring the photographed angles using a Numonics Model 1224

Digitizer (Figure 3). The shoulder joint angle was measured between

the segmental endpoint of the humerus at the midpoint between the medial

and lateral epicondyles and a perpendicular line from the acromion

process through the center of the shoulder joint, with the center of

the shoulder joint being the axis.

Equipment Set-Up

The equipment set-up used during the analysis of the bench press

exercise (Figure 4) included: 1) A TECA TE-4 electromyograph; 2) York

olympic style weight lifting bar, which is 7 feet, 2 inches in length

and weighs 45 lbs; 3) York olympic style weights, ranging from 2.5 lbs.

to 75 lbs. Each subject was r~quired to assume a supine position on a

regulation sized York bench which was 16 inches high and 11.75 inches

wide, to ensure stabilization of the scapulae on the bench. The width
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Figure 3. The Numonics Model 1224 Electronic Diqitizer.
The Numonics Digitizer consists of 4 major components,
the display console, keyboard, reading head, and traverse
arm. The digitizer was used to measure segmental end­
points which formed tne shoulder joint angle.
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Figure 4. Equipment set-up and subject positioning.
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ilnd height of the bench is consistilnt with the requirements ()f the

USA powerlifting rules (Appendix A). The weighted bar was supported

overhead using 2 York weight standards.

Pil()t Stud,t

A pilot study was perfonned on 6 males fr'om the University of

Wisconsin-La Crosse, with at least 1 year of experience performing the

bench press. The subjects were presently training with the bench

press at least twice weekly. This pilot study was conducted to

determine which head of the triceps brachii was more active during the

performance of the bench press exercise. Bipolar surface electrodes

were placed superficially over the muscle belly of the 3 heads of the

triceps brachii, the medial head, the lateral head and the long head.

The electrode sites were determined by Delagi and Perotto (1980).

The positive electrode for the medial head of the triceps was placed

3 fingerbreadths proximal to the medial epicondyle of the humerus, and

the negative electrode was placed 2.5 cm proximal to the positive

electrode over tne muscle belly and parallel with the muscle fibers.

The positive electrode for the lateral head of the triceps was placed

immediately posterior to the insertion of the deltoid or deltoid

tubercule,and tne negative electrode was placed 2.5 cm distal to the

positive electrode over the muscle belly and parallel to the muscle

fibers~ The positive ~lectrode for the long head of the triceps was

placed 4 fingerbreadths distal to the posterior axilla-ry fold, and the

negative electrode was placed 2.5 em distal to-the positive electrode

over the muscle belly and parallel to the muscle fibers. The procedures
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for skin preparation ilnd lnstrumentation were the same as those described

1n the sections on instruillentiltion ilnd electrode placement.

Each subject per'forllied 4 trials. One triill was performed at each

of tile 4 grip widths; wide, medium, narrow, and normal training grip

width. Each trial was performed usiny a weight of 225 lbs. The muscle

activlty was recorded from all 3 heads of the triceps during the

eccentric and concentric contractions of the bench press exercise.

rhe EMG recordings of the 3 heads of the triceps brachii showed

that the medial head of the triceps produced th~ greatest muscle

activity, followed closely by the muscle activity from the long head.

The lateral head showed the least amount of muscle activity (Figure 5).

However, the EMG activity from the literal head remained relatively

constant throughout the duration of the 1ift. The medial head of the

triceps was determined as the primary triceps extensor during the

performance of the bench press exercise~ The medial head of the triceps

produced the greatest amplitude of muscle activity and was selected for

the study Of the bench press exercise.

Experimental Treatment and Procedure

Required Techniques for the Bench Press

The purpose of the bench press is to exercise and develop

speclfic muscles of the shoulder and brachium. The subjects involved

in the stUdy were required to be experienced and knowledgeable of the

correct lifting techniques for the bench press exercise. Duri~g the

testing of the bench press exercis.-e.- the subjects were required to lie

supine on a bench which was 11.75 inches in width. The weighted bar

was supported overhead by York standards. Each subject grasped the

,.



Narrow Grip Width

55

Medium Grip Width

•

2

3

Wide Grip Width

1

2

3

Normal ~rip Width

Figure 5. Illustrates the EMG activity obtained from the pilot study
analyzing the three heads of the triceps brachii during the perform­
ance of the bench press exercise. The narrow, medium, wide, and
normal grip widths were analyzed. The three heads of the triceps
includes; (1) Lateral Head, (2) Long Head, and (3) Medial Head.
The abso~ute EMG activity illustrates differences in the muscle
activity produced by each grip width position.
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bar, first using a nOrilldl training grip widUl and then using each of

the 3 randomly assiyned grip width positions. The bench press exercise

was performed with the hands grasplng the bar in a pronated position,

dncJ with He thumbs in an over-tile-bar position. The subject lifted

the bar off the standards and supported the bar with the anns.

Assistance was given by the spotter to help the subject lift the bar

off the standards. Once the weight was supported by the subject's

arms the lift began.

The bar was lowered in a slow controlled eccentric contraction to

a point between the distal end of the sternum and 1 inch above the

nipple line. If the bar was to strike lower than the end of the

sternum, the weight may damage the xiphoid process. In Algra's (1982)

opinion, if the bar struck the chest higher than 1 inch above the nipple

line, the muscles involved would be put in a disadvantageous position

in which to press the weight upward. The lift was not considered if

the bar touched outside the designated area. The bar was lowered

until it touched or rested lightly on the chest. The bar was held

motionless at that position for a period of approximately 1 second.

The bar was then pressed upward in a controlled concentric contraction

until the elbows reached full extension. During the performance of the

lowering and pressing phase, the head, shoulders, buttocks and feet

were required to remain in a fixed position. Any lifting or side to

side movement of these fixed body parts would result in a disqua"lifica-

tion of the lift (Appendix A).

iN
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fhe following were reasons for the invalidation of the lift:

1) if the bar was lowered in a fast and uncontrolled IIldnner; 2) if

the bar was bounced off the chest; 3) arching the back by lifting the

buttocks off the bench; 4) any movement of the head or shoulders off

the bench; 5) any lateral sliding movement on the bench; 6) any

1110 vern ent 0 f the fee t; 7) i f 0 ne arm rea Che s full extens ion prio r to

the other ann; 8) any downward movement of the bar after the pressing

r->hase began; and 9) if tIle subject was unable to press the weighted

bar upward.

Grip Width Determination

Elbow joint angles were measured prior to testing and used to

determine the 3 different grip widths for each individual. The elbow

joint angles measured were choosen to represent wide, medium, and

narrow grip width positions on the bar. The measurements taken of the

elbow joint angles were measured using a goniometer while the bar was

positioned on the subject's chest. The subject was informed to

replicate the individual techniques used during the actual performance

of the bench press exercise. The purpose for using the elbow joint

angle as a method of determining grip width position was to take into

consideration the subject's individual arm lengths. This procedure of

measuring elbow joint angles was followed to make the subject's grip

width proportional to the subject's arm length. Therefore, a subject

with longer arms would grip the bar with a wider grip than a subject

with shorter arms.



Elbuw joint angles of 40°,60°, and 800 were determined and

ilssociated with the narrow, medium, and wide grip widths, respectively.

The narrow grip width was represented by a 400 elbow juint angle, the

mediulIl grip width was represented by a 60 0 elbow joint angle, and the

wide grip width was represented by a 800 elbow joint angle (Figures 6,

I, and 8). The elbow joint angles were measured on the subject's

dominant side. To determine the elbow joint ilngles used in the study,

measurements were made on a random sample of 6 experienced male weight

lifters. The angles selected were most representative of what

experienced lifters, in the bench press, considered a wide, medium and

narrow grip width represented.

The following procedure was utilized for determining the elbow

joint angle for the subject's involved in the testing. The hands were

positioned on the bar and the bar was lowered to the chest. The bar

was held at the chest level replicating the subject's actual lifting

style. With the elbow joint in a flexed position, a goniometer was

placed on the axis. One arm of the goniometer was held along the

humerus, and the other arm of the goniometer was set at the desired

angle. The dominant hand on the bar was slid inward or outward until

the hand lined up with the goniometer. This procedure was used to



-1II'r--------------

r iCjuY'E:' 6. ActuJl testing photogrJph of the ildlTO't1 'll'il'
\tiidt.h. The narrow grip width is equal to a 40° cltHl\'J .ll [1
d fI 9 IE:'. I he bar was pausedon the c hl:' S t \'1 h i I·· III co II hut u-
graph of a 450 shoulder' joint anglE:' Vld', t'l'COtrll'd.

I i yurE:' 7. Actual tes t i ng photograph of the fllCd i till] gr'] p
width. The medium grip width is eqlldl to a 6()o elhow ,ioil1t
angl(~.The bar was paused on the chest while 1I1t~ photo.:.
graph of a ~30 shoulder joint angle was recorded.
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midpoint between the ulnar and rddial styloid process. Once the grip

width was determined by the elbow joint angles, for the dominant drm,

the distance between the center of the bar and the index finger of the

dOlllinant hand vias measured in inches. This distance was then measured

on the non-dominant side of the bar and marked. The distance between

(he index finger of the non-dominant hand and the index finger of the

dominant hand equaled the total grip width d~stance. The total grip

width distance was recorded in inches for each grip width position and

used to determine the grip width during the actual testing. During the

testing, the grip widths were marked on the bar and the index finger

of each hand was placed on the corresponding marker.

Maximal Voluntary Contraction

The maximal voluntary contraction (MVC) was determined before the

actual testing took place. The MVC was determined using the following

procedure. Each subject performed one warm-up set of approximately 12

repetitions with a 135 lb. weightload. After the warm-up set, 4

additional single lifts were performed, gradually increasing the

weightload with each lift. On the final lift, the subject attempted

a maximal repetition (lRM). The lRM is described as the maximal amount

of weight that can be lifted for a sing-le repetition (Delorme, 1949).

This predetermined maximum weight was used during the actual testing.

The subject's were allowed 3 minutes rest between each trial repetition

to reduce the effects of fatigue. Correct lifting form and position was

required for the lRM .~ be considered. The subject's normal tralning

grip width was used to perform the maximal contraction. The maximal
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repetition was perfonned during the actual testing with the electro­

Illyogralll recording loot maxilllul voluntary Illuscle activity for each

Illuscle group being analyzed.

Electrode Placement

The muscle activity produced by the muscles being analyzed was

detected by bipolar miniature Bechmann surface electrodes. The Bechmann

surface electrodes were made of silver-silver chloride and the recording

surface was approximately 3 mm in diameter. Surface electrodes deflect

the average muscle activity from the superficial muscle and give a more

reproducible result (Komi and Buskirk, 1972). The bipolar electrodes

were positioned superficially over the muscle belly of the sternal and

clavicular heads of the pectoralis major, the anterior deltoid, and the

medial head of the triceps brachii (Figure 10). The muscle belly of the

muscles being analyzed were selected for electrode placement because

the muscle belly represents the area of the muscle with the greatest

cross-section of muscle fibers, and consequently produces the largest

EMG signal (Zuniga, Truong, and Simons, 1970).

The following procedure was used to prepare the skin for electrode

placement over the muscles being analyzed. The electrode sites were

determined individually for each subject due to different physical

characteristics, located and then marked. The electrode site was

shaved of body hair, and then the skin was cleansed with an alcohol

gauze pad to remove body oils in order to reduce the skin resistance.

The ski n was further abraded us i ng fi ne sandpaper tQ roughen the ski n.

Electrode paste (Bechmann electrode paste) was applied to the electrode
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Figure 10. Illustration of the bipolar surface electrode
sites for the sternal and clavicular heads of the pector­
alls major, the anterior deltoid, and the medial triceps.
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site and rubbed into the skin using a stiff fibered brush in order to

increase conduction, and the excess jell was wiped off. The electrode

paste was placed on the electrode and then the electrode was Jilplied to

the skin. The electrode was held in place with electr'ode adllcsive

tape. The skin preparation was performed to reduce the skin ililpedance

to 5000 ohms or less.

The sternal bipolar surface electrode was used to detect

myoelectrical activity from the muscle belly of the sternal hcad of the

pectoralis major (Figure 11). The positive electrode was located 2

centimeters medially from the anterior axillary fold at the level of the

third intercostal space of the ribs. The negative electrode was

placed 2.5 centimeters medially from the positive electrode, over the

muscle belly and parallel with the muscle fibers.

The clavicular bipolar surface electrode detected myoelectrical

activity from the muscle belly of the clavicular head of the pectoralis

major during the performance of the bench press exercise (riqlll'C 12).

The positive electrode was placed 1 centimeter inferior to till' clavicle

and parallel with the midclavicu.lar line (Scheving et a1., ll)',l)). The

negative electrode was placed 2.5 centimeters lateral to the Illlsitive

electrode over the muscle belly and parallel with the muscle t"ihers.

The anterior deltoid bipolar surface electrode detected IIlyoelectrical

activity from the muscle belly of the anterior deltoid durin~l the

performance of the bench press exerci se (Fi gure 13). The pos i live

electrode was placed over the muscle belly 3 fingerbreadths, or The

distance of the 3 fingers measured in centimeters, below the anterior

.-

margin of the acromion process and parallel with the anterior axillary
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Figure 11. Sternal bipolar surface electrode. Detected
muscle activity from the muscle belly of the sternal
head of the pectoralis major.

- Figure 12. Ciavicu"lar bipolar surface electrode. Oetected
muscle activity from the muscle belly of the clavicular
head of the pectoralis major.
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Figure 13. Anterior deltoid bipolar surface electrode.
Detected muscle activity from the muscle belly of the
anterior deltoid.

\

Figure 14. Medial triceps bipolar surface electrode.
Detected muscle activity from the muscle belly of the
medial triceps.
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fold (Delagi et a1., 19(0). The negdtive electrode WdS placed 2.5

centimeters posteriolaterally from the pusitive electrode, over the

muscle belly and parallel with the muscle fibers.

The medial triceps bipolar surfdce electrode detected myoelectrical

activity from the muscle belly of the medidl head of the triceps brachii

during the performance of the bench pre~~ exercise (Figure 14). The

positive electrode was placed 3 fingerbreddths, or the distance of the

3 fingers measured in centimeters, proxiliidl to the medial epicondyle

over the muscle belly and parallel with the muscle fibers (Delagi et al.,

1980). The negative electrode was placed 2.5 centimeters proximal to

the positive electrode over the muscle belly and parallel with the

muscle fibers.

Delagi and Perotto (1980) used the distance of the 3 fingerbreadths

as a method of locating the motor unit (electrode site) in the

specific muscle belly. The fingerbreadths was related to the subject's­

individual physical size. For this study the fingers were measured in

centimeters on the subject's dominant hdlld. The distance obtained from

the 3 fingers were measured from a specific landmark determined by

Delagi et al. (1980) to locate the site uf the positive electrode.

This procedure was followed for locatincj the positive electrode site

for the anterior deltoid and the medial triceps.

Each of the 4 bipolar surface electrodes required a ground

electrode. The ground electrodes were pldced on the skin superficially

to'a nearby bo-ny landmark. The bony landmarks included the medial

epicond-yle, the acromion process, and both sternoclavicular joints.
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An additional bipolar sllr'face electr'ode WdS used to adillinister

an electrical stimulus to the subjects. The stimulating electrode

was diagonally positioned between the muscles of the upper portion of

the anterior deltoid and the clavicular head of the pectoralis major

(Figure 15). The stimulating electrode site was prepared the same as

previously discussed. The stimulating electrode administered an

electrical stimulus to the subject, which was used as a command signal

for the subject to initiate movement of the bar. The voltage

administered by the stimulating electrode was calibrated to 150 volts

for .1 to .2 seconds in duration. The first stimulus was administered

to the subject to indicate initiation of the lowering phase (eccentric

contraction) of the bench press. The second stimulus was administered

to the subject td indicate initiation of the pressing phase (concentric

contraction) of the bench press. The electrical stimulus was recorded

by the electromyograph during the recording of the muscle activity

on fiber optic recording paper. The stimulus registered as a

distinguishable mark on the paper in the shape of a single spike

(Figure 16). The splke was used as the method for determining the

initiation of the muscl~ activity for each muscle being analyzed. The

stimulus was administered from the TECA NS6 stimulator by applying

pressure to a foot switch.

Test Description

Each subject was allowed sufficient time to warm-up before the

testing procedure began. Once the skin preparation and~lectrode_

placement was completed, the subject was ready to begin the warm-up
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Figure 15. Illustrates the bipolar surface electrodes,
the ground electrodes, the stimulating electrode, and
the electrode connection to the preamplifier during the
actual testing.
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Maximal Contraction
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85% of the Maximal Contraction

Figure 16. Illustrates the duration of the EMG activity
during the maximal and 85% of the maximal muscle contrac­
tion for the 4 muscle groups analyzed. ihe recording
clearly shows the first spike representing the beginning
of the eccentric contraction, while the second spike
represents -the beg inn i ng of the concentri c c'ontract i on.
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lifts. The warm-up lifts wer'e perfomed uSlnlj the subject's normal

training grip width. Each subject performed several single repetitions

gradually adding weight up to the predetennined maximum weight.load.

The single repetitions were set at 70:1, 80"/', dnd 90'1 of the predeter­

mined maximum weightload. The subjects were allowed 3 minutes rest be­

t.ween each wi.lrln-up repetition and edch actual testifl<J repetition.

During the actual test.ing procedure, each subject was required to

perform a maximal repetition at the predetermined maximal weightload.

using a normal training grip width (Figure 9). A 1RM was performed to

determine 100% muscle act~vity for the 4 muscle groups analyzed. The

subject then performed single repetit.ions at 85% of the fIl.aximal weight­

load for each of the 3 randomly assigned grip width positions, to

determine 85% muscle activity for the 4 muscle groups analyzed (Figure

6, 7, and 8). The EMG actlvity for each muscle group was recorded at

100% and 85% muscular contraction during the performance of the bench

press exercise.

The subjects were required to lie supine on the bench press and

grasp the bar using a normal training grip width for the maximal

repetition. The maximal repetition was performed first for all subjects.

After the maximum repetition, the randomly assigned predetermined wide,

medium, and narrow grip widt.hs were used to perform 3 single repetitions

at 85% of the maximal weightload. Before the testing began. the subjects

randomly assigned the order of the 3 grip width positions .

.. The subject lifted the bar off the standards and supported the

weight with the arms. -Once the suhject was set, the.first electrical
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stimulus was adillinistered (Figure 16) indicatinq to the subject to

begin the lowering phase (eccentric contraction). TIle subject lowered

the bar until the bar touched the chest. TIle bar was paused on the

chest for approximately 1 second, or until all motion was stopped

(refer to Figures 6, 7, 8, and 9). At that lI10ment the 35 ITlIIl camera

was used to photograph the shoulder joint angle. The photograph of

the shoulder joint angle was recorded to detennine changes in the

shoulder joint angles of the 3 grip width positions. The second

electrical stimulus was administered following the photograph (Figure

16). This ~ndicated to the subject to begin the pressing phase

(concentric contraction).

The EMG recording began prior to the first stimulus and continued

throughout the lift at a speed of 2 an per second. The EMG recording

was terminated at the moment the elbow joint reached complete extension.·

This procedure was followed 4 times. The first time using the normal

training grip width, to determine the maximal voluntary contraction

for each muscle group. The r~naining 3 times using the randomly

assigned wide, medium, and narrow grip width positions at 85% of the

maximal weightload. Prior to the testing, the subject was required at

least 1 day of rest after d bench press workout to prevent the effects

of fatigue.

Statistical Treatment of the Data

A Two-way Analysis of Variance (-MWVA) was the statistical

treatment used to analyze the ratioofEMGmuscle-_activity obtained-
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from the sternal ilnd cL.Jvicul.H' heads of the pectoralis IIlilJor, the

ilnterior deltoid, dnd the medial heild of the triceps brilchii, while

using a wide, medium, ilnd narrow grip width position. f\ Scheffe' post

hoc test was used to detennine significilnce of the F score at the .05

level of significance.

A Pearsons Product Moment Coefficient COrTeliltion (Peilrsons r) WdS

used to detennine if a significant correlation existed between the

shoulder joint angle and the EMG activity for the lIluscles anillyzed in

the study. In addition, a Pearsons r was used to determine if a

significant correlation existeD between EMG activlty and the grip width

position, and the arm length and grip width position.

The Friedman Two-way Analysis of Variance by Ranks was used to

determine if there was a significant difference between the recruitment

patterns of the mu~cle yroup~ studied, and to determine a significant

difference between the EMG activity produced by the muscle groups

analyzed. The multiple comparison pr'ocedure for the Friedlflan test was

used to determine where the significance existed between muscle and

grip width comparisons. The .05 level of significance was used.
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CHAPTEH IV

RESULTS AND DISCUSSION

Introduction

The electrolllyoCjraph has been utiliLed as a method to c1etennine

the muscle activity of the muscle groups involved in a movement. \JJhen

a muscle contracts, the resulting EMG activity is a function of the

increase in muscle tension. The bench press involves both eccentric and

concentric contractions of the muscles in which changes in muscle length

occur. Although the components of the muscle response to eccentric and

concentric contractions were not distinguished in this investigation,

the different effects of the eccentric and concentric contraction are

manifested in the E~G recordinqs of this investigation.

The purpose of this investigation was to determine how a wide,

medium, and narrow grip width effects the muscle activity elicited by

the sterna"\ and clavicular heads of the pectoralis major, the anterior

deltoid, and the medial head of the triceps brachii during the preform-

ance of the bench press exercise. A Two-way ANOVA was calculated to

determine significant differences between the ratio of EMG activity and

the wide, medium. and narrow grip widths, and between the ratio of EMG

activity and the 4 muscle groups analyzed.

It was also of interest to dlfferentiate between the recruitment

- order of the muscles inVOlved, and which muscle produced the greatest

E~1G activiti daring the performance of the bench press exercise. The

74
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Friedmllll fwo-way ANOVA by t'allks was calculated tu detenlline if d

significant difference exisled between tile l'eCI'lJitlile/il ul'del' of tile

muscle fJl'UUPS analyzed, and to detenlline the difference between the

cr~G activity produced by tile f1luscle (Jroups andlyzed,

In addition, another purpose of the study was to address the

question of tile relationsllip between the siloulder joint drlfJle and the

muscle ilctivity pr'oduced by the Illuscles dnalyzed in the study.

Correlation coefficients were detenllined to explicate the relationship

between the shoulder joint angle and the muscle activity.

This chapter will present the statistical analysis of the data.

The results will be presented first, followed by a discussion.

The subjects involved in this study consisted of 28 trained male

volunteers. Each subject was required to have at least 1 year

experience performing the bench press exercise. All subjects met twice

during the study. The first meeting was to determine the lRM The

second meeting was for the actual testing in which the subjects

performed the lRM to determine maximal EMG activity, and 85% of the lRM

for the wide, medium, and narrow grip widths. Tdble 1 presents the

means and standard deviations for the subject's physical characteristics.

[MG Riltio Measurements

Table 2 presents the mean EMG ratins and standard deviations for

each muscle when using a wide, medium, and narrow grip width position

during the eccentric (Ec.) and concentric (Con.) mus.cre -contraction.



Tab 1e 1

Means and standard deviations for the physical characteristics,

the 1 RM, and the 85% RM for the subjects involved in the bench press stJdy.

Variable Mean SO

"

Age tyrs) 22.2 3.18

Height (in) 71.4 3.21
I,

\'J~ight (lbs) 185 2.46

Experience ,(yrs) 2.50 J.92

Arm Lenqth (in) 23.0 1. 22

Chest Size (in) 41.2 2.03

1 RM (lbs) (i53 38.6

85% RM (lbs) 214.5 32.5

"'I< N=28

---J
O'l



Tab le 2

Means and standard deviations for the ratios

of EMG activity for the eccentric and concentric contractions.

Variable Mean c:: n
~'-'

Ec. Con. Ec. Con.

Pectoralis Sternal

i Wi de .871 .843 .23 .22
Medium .779 .826 .20 .19
Narrow .812 .877 .23 ?r. _ J

Pectoralis Clavicular

Wide .822 .832 .19 .19
Medium .87/ .922 .25
Narrow 1. 035 1.050 .4U .30

Anterior Deltoid

Wide .812 .837 .18 .19
Medium .201 .861 .22 .12
Narrow .820 1.G60 .2~ .36

[vledi all ri ceps
!

Wide .802 .824 .21 1::,
f~ed1 um .801 .829 .22 .16
Narrow .929 .933 .33 .23

.85 RM EMG Activity = EMG R t' Ec. Eccentric Contraction
1 RM N EMG Activity a 10 Con. Concentric Contraction

---.J

* N=28
---.J
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f\ ~rdpllicill representation of tile 11IeJn ratios by muscle Jnd by grip

wid Ulis pr' esen t ecl for the ecCe nt I' iccant r J C t ion i n f- i f) Ur 0 s 17 II nd 18,

Jnd the concentric contraction in Figures 19 llnd 20. Tile [MG llctivity

produced from tile 85 RM conty'actions were reconled for each muscle

using a wide, medium, dnd narrow grip width positions. Tho [Me ratios

used in the analysis were formulated from tile B5't. fH~ llncl the maximal

EMG activity (Ratio of EMG Activity = .85 m"/1RM~.j)'

In referring to Table 2, Figures 17 throufjh 20, cOlliparisons were

made between the grip widths effects on the mean EMG ratio for each

muscle group during the eccentric and concentric contractions. The

data recorded" in Tables 3 and 4 revealed that significant differences

were found for the EMG ratio by grip width Ec. (p<.05), Con. (p<.OOI)

and by muscle group Ec. (p<.05), Con. (p<.05), and between mean EMG

ratio for grip width and muscle group Ec. (p<.05), Con. (p<.OOI). No

significant interactions (p<.05) were found between grip width and the

EMG ratio for each muscle group during the eccentric and concentric

contraction.

Table 3. Analysis of variJnce for the eccentric contraction.

Source of Level of
Variation df F Ratio Significance

Grip ratio by
muscle ratio 5,324 3.09 .01*

Grip ratio 2,324 3.27 .025*

Muscle ratio 3,324 2.67 .048*

Interaction muscle
.145by grip width 6,324 1.60-

*p<.05 level
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Table 4. Analysis of variance for the concentric contractiun .

._----_._----

-----,----_.- ------_._-,- ---._.-. __._--~------_._-------- _._-
Source of
Variation

Grip ratio by
muscle ratio

Grip by ratio

Muscle by ratio

Interaction muscle
by grip

* p<. 05 1eve1

df

5,324

2,324

3,324

6,324

r Ratio

7.001

13.272

2.820

1 .286

Level of
Significance

.001*

.001*

.039*

.063

These results indicated that for this sample the grip widths had

a significant effect on the EMG activity produced 6y the muscles analyzed.

To determine where the significant differences lay for the pectoralis

sternal (PS), pectoralis clavicular (PC), anterior deltoid (AD), and

medial triceps (HT); and for the wide (W), medium (H), and narrow (N)

grip width positions Scheffel post hoc analyses were performed (Tables

5 and 6).

Mean EHG ratios by grip widths showed significant differences

between the PS and PC muscles Ec. (p<.05), Con. (p<.05), the PC and AD

muscles Ec. (p<.05), and the PS and AD muscles Can. (p<.05) for the

narrow grip width position (Table 5). A value of 6.04 was required for

a significant difference at p<.05 level.

I Mean EHG ratios by muscle groups showed signlficant differences

I between the Wand N grip widths Ec. (p<.05), Con. (p<.05) for the PC
II muscle, the-Wand N grip widths Con. (p<.05) foc:t.be AD muscle, and the
I
I Mand N grip widths Con. (p<.05) for the AD-muscle (Table 6). A value
I

..l....... _
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Figure 17. Comparison of the mean ratio of EMG activity
by muscle for the eccentric contraction.
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Figure 18. Comparison of the mean ratio of EMG activity
by grip width for the eccentric contraction.
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by muscle for the concentric contraction.
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of 9.06 WilS required fur il si<jnificunt difference ilt ~<.O~) level.

Tuble 5. Scheffe' post huc unalysis compurison of EMG r'utio by grip
for the eccentric and concentric contractions.

Grip

Wi de

Med i um

Narrow

Muscle F Ra t i 0

Comparison Ec. Con.
----------.

PS vs PC 0.533 0.032
PS vs AD 0.773 0.013
PS vs MT 1.058 0.097
PC vs AD 0.022 0.007
PC vs MT 0.089 0.020
AD vs MT 0.022 0.055

PS vs PC 2.130 2.481
PS vs AD 0.107 0.328
PS vs tH 0.107 0.002
PC vs AD 1. 283 1.001
PC vs MT 1.283 2.328
AD vs MT 0.000 0.276

PS vs PC 10.561* 8.058*
PS vs AD 0.014 9.016*
PS vs MT 3.042 0.844
PC vs AD 9.800* 0.027
PC vs MT 2.267 3.685
AD vs MT 2.640 4.342

* p<.05, df 2,324

During the performance of the bench press exercise, the muscles

being analyzed were required to contract eccentrically and concentrical-

ly. As these muscles contract against a resistance, the muscles undergo

changes in len~ht while creating tension. To determine the function

of these muscles during the bench press exerci~e, it is important to

determine how well EMG activity predicts tension developed by a muscle.

When the muscles contracted against a resistance, the EMG amplitude

increased with an increase intension during shortening of the muscle

fibers, and a decrease in tension and EMG activity during lengthening
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of the muscle fibers. rhe results showed thJt the D1C dlilplitude

85

incJicdtecJ the stilte or level of the contracting Illuscle. The ilnalysis

of the bench press exercise r'evealed that the Er1G ampl i tude produced

during the eccentric contrilction (muscle lengthening) was less than

the EMG amplitude produced during the concentl'ic cuntrdction (muscle

shortening).

Table 6. Scheffe' post hoc analysis comparison of the EMG riltio by
muscle for the eccentric and concent'ric contractions.

Muscle

Pectoralis Sternal

Pectoralis Clavicular

Anterior Deltoid

Medial Triceps

*P<. 05. df 3.324

--FRaflo
Cornparison [c. Con.

W vs M 1.881 0.078
W vs N 0.773 0.311
M vs N 0.242 0.700

W vs M 0.672 2.181
W vs N 9.614* 12.795*
M vs N 5.202 4.411

\4 vs M 0.027 0.155
W vs N 0.014 13.389*
M vs N 0.080 10.662*

W vs M 0.000 0.007
W vs N 3.584 3.199
M vs N 3.641 2.912

The increase or decrease i n muscle tension during an eccentric

and concentric contraction is due to the change in the structure of

the myofibrils at the sarcomere 1eve1 (Gordon. Huxley. and Julian.

1966) . It was stated that at a res ti ng muscle length. there is a

maximum num5er of cross-Qridges between filaments and maximum tension

is possible.- As the muscle lengthens. the filaments are !:lulled apart
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Jnd the number of cross-br'idf)es are reduced, resulting ln decreased

tension. ~Jhen a muscle is fully lenf)thened, thet'e dt'e no cross-bt'idges

dnd tension is zero. As the muscle befJins to shorten from the

lengthened position there is an increase in muscle tension. If the

muscle shortens to less than resting length,there is an overlapping

of the cross-bridges and an interference takes place. This interference

results in a decrease in muscle tension (Gordon et al., 1966).

The findings of this bench pt'ess exercise were in agreement with

what Komi (1973) had stated. The ratio of EMG activity was found to be

lower in the 4 muscle groups for the eccentric contraction (lowering

phase) than for the concentric contraction (pressing phase) when lifting

the same weightload. These results were similar to an earlier report

by Santiomeir (1971) for the pectoralis major. Santiomeir indicated

that the EMG activity was greater for the concentric contraction than

the eccentric contraction during the bench press exercise. In this

study, the increase in EMG muscle activity can be associated with an

increase in muscle tension. The tension developed by the 4 muscle groups,

which may be represented by the amplitude of EMG activity, was shown

to be greater for the concentric contraction. This indicated that

during the concentric ~ontraction of the bench press, a greater demand

was placed on the muscle analyzed, than during the eccentric muscle

contraction.

The amplitude of the EMG activity produced by the muscles analyzed

may also be associated with the recruitment of motor units and an

increased firing rate. As the EMG activity in a muscle increases during

.,
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J contrJction, theY'(~ is MI increJse in the firing rdtes of the active

Illutur~ units and dn illCt'edse in the l'ecI'uitlliertf uf new Illotor units,

Ihe [~lC tecurd showed thJt there was a (jreater recrui tillent dllt! qreater

firillSj t'dtes in the lIlotor units fur the concentric contraction thJn for

the eccefltric contraction of the heflcll press eX(:I'Clse,

III this study, it WdS ub~)erved (t'OIiI tile U~C reconllfltjs thdt dlu'inq

the concentric contractiun, the frequency of the me Jctivity incy'eJsed

at the sallle point during the recording that the amplitude increased.

TIle measurements used for the analysis were measured from the point

where the EMG amplitude was the greatest. This data Illay indicate that

at the point of the greatest amplitude of EMG activity, the lIluscle groups

involved in the bench press exercise produced the greatest tension and

contraction force for the concentric contraction. In 1976 Komi et al.

determined that the number of the Jction potential spikes increased in a

linear manner with the increase of the contraction force. The increase

in EMG activity during a muscle contraction is due to both the recruit-

ment of new illataI' units and the increase in the firing rates of already

active motor units (DeVries, 1980; Basmajian, 1979; Winter, 1979; Ruch

et a'l., 1973; Woodbury et al., 1965; Adrian et al., 1929). Therefore,

it may be concluded that the [MG activity is representJtive of the tension

produced in a muscle.

fhe development of tesion in a muscle is considered a controversial

issue by r:esearchers involved in EMG analysis. In the past, it has been

difficult to determine when a muscle produces its greatest tension. It

has been stated that during J concentric contraction, the tension

development in a muscle was greatest at the beginning of the contraction
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(kOllli,1973). However, durinq ttle concentr'ic contraction of the bench

press, tile Illuscle groups i.llldlyzed did not follow this pdttern. It was

observed ttli.l t the PS cleve loped its yr'ed tes t D~G dllip 1 i tude (tens ion)

dlH'illcj the first half of the concentric contri.lction fOI' dll <jrip widths.

fhe 11
( pl'uduced its grea tes t EMl; dilip 1i tude (tens i on) dppnJx illl.d tel y at

the Illi dpoi nt 0 f the contrdc t ion. As for the AD. its qrea tes t Er~G

activity WdS developed initially after the concentric contr'action began,

and the MI developed its greatest EMG amplitude towards the end of the

contraction. A need exists to determine the percise position of each

muscle, during the performance of the bench press, in which the great­

est EMG activity is produced. This information would indicate

accurately the position of the lliuscle during the lift in which the

greatest tension occurs.

When comparing the mean ratio of EMG activity (85% of lRM) by grip

width for the eccentric contraction (Figure 17) the wide grip produced

the greatest Et1G activity in the PS muscle, indicating that the PS

produces the greatest tension of the 4 muscle groups during the eccentric

cont ract i on. When us i ng the med i U111 9ri p wi dth, the PC pr'oduced the

greatest ratio of EMG activity. As for the narrow grip width, the PC

produced the greatest ratio of EMG activity followed closely by the MT.

When comparing the mean ratio of EMG activity for the concentric

contraction (Figures 19 and 20), the narrow grip width produced the

greatest ratio of EMG activity for the muscle groups studied. This

indicated that the narrow grip width produced the greatest ratio of EMG

activity for a11-4 muscles. These results may be related to_the tension

developed by these muscles.
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It has heen theorized hy I\lgrd (I0E2), Gi llelt (191\0), and SLltT

(1976) thJt the wide gri[J width pr'oduced gredter Lensiun in the I>S LhJn

dny other Cjl'ip width. However, the n~sults of this study shuwed thdt

the PC; produced the yreatest ratio of [~C activity when lIsin() the ndrrow

9I' i P wid t h . Ii hen us i ny the wid e (j r i [J wid t h, the PS pI' () dueedt he (j r' eJ t­

est rJtio of EMG activity when compared to other muscles for that grip

width. This indicated that when a wide grip width is preferred for'

training, the PS llIay produce the gredtest tension. The PC pn1duced the

greatest ratio of E~G activity when using the medium grip width. As for

the narrow grip width, the AD produced the greatest ratio of EMG activity

followed closely by the PC.

The development of strength in a muscle is relJted to the aillount

of tension developed by a muscle during a contraction. The greater the

overload placed on a muscle, the greater the tension developed by the

muscle, and as a result, greater strength development occurs (Mathews

and Fox, 1976; Delorme, 1949). As the overload increases, there is a

greater recruitment and firing of motor units. As a result, there is

an increase in the EMG activity for the muscles involved in the contrac­

tion against a weight. The increase in recruitment and firing of motor

units may be associated with an increase in the tension developed by

the muscle. As strength increases in a muscle, the potential for devel­

oping greater amounts of tension also increases and as a result, a

greater overload may be u~ed.

In this analysis of the bench press, the ~ide grip width denonstrat­

ed less EMG activjty than the other grip widths. This could be
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dttt'ibuted to lhe effecls of [[1\. fhe subject'; involved HI tile study

were eXfJerienced and trained in the bench pr'ess. 1\ tliull pel'centage of

tile subjects lrdined using d reldlively wide U1'ifJ widtll (30 to 32 in.)

which WeiS similar to the wide gr'ip widtll Cr"34.5 in.) IJsed in the study.

Therefore, gr'eater tr'ainin<l and strenlJtll develofJlllent occurt'ed in the

muscles specifically for the wide grip width. This meallt tildt the

muscles andlyzed may have contracted with greater efficiency wilen using

a wide grip width, rather tllan a IJlediuJlI or ndrrow yrip wllerl contracting

against 85% of the maximal weightload. This conclusion may be attr'ibut­

ed to the lower EMG activity produced by the wide grip width as cOlllpdred

to the greatest EMG activity for the medium and narrow grips.

It is evident from the mean ratio of EMG activity produced by the

eccentric and concentric contractions, that a difference exists between

the grip widths and the muscle activity of each muscle. Therefore,

demonstrating that the EMG activity (tension) developed in the PS, PC,

AD, and MT is effected by the grip wldth position used to perform the

bench press exercise.

As discussed above, the amplitude of Er1G activity is linearly

related to the tension developed in a muscle during a contraction.

When the tension in a muscle increases, the amplitude of EMG activity

will also increase. It can be ttleorized, to increase the strength in

the muscle groups involved in the bench press exercise, the grip width

which produces the greatest EMG activity should be used. However, to

develop overall strength in the muscles involved in the bench press, it

is suggested that a variation of grip widths (wide, JRediurn, and narrow)

be usedan_Q incorporated into the tra i ni ng program. Thi s wi 11 improve
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tile perlUt'lIldllCC of dll Ule IIluscles invulved in tile henetl press "Jtller

tllJn the muscles pt'illlJrily involved in J specific grip widtll pusition.

A rt'iedllliHl Two-wJy Jl1dlysis of variance by rdrlks "IdS used to

determine if a significant difference existed betvleen the SUIIIS of the

muscle group ranks. The results showed a significant difference at the

P .05 level for the sums of tile Illuscle group ranks for the wide, medium,

narrow, and normal grip width positions during the concentric contrac-

tion (Table 7).

Table 7. Friedman analysis of variance by ranks for the muscle
recruitment order for the concentric contraction.

---_._--
Level of

Contraction Group Xr 2 Ra t i 0 Significance

Concent ri c W 20.94 .001*

M 27.04 ,001*

N 27 .73 .001*

No. 29.85 .001*

Significance of the Xr 2 is based on ~he degree of fr~edom (df,3) and
the level of significance from the X table. The XI' value must be
larger than 7.815 to be significant at the p<.05 level.
No.= Normal Grip Width.

Table 7 shows that a significant difference exists between the sums

of rank~ between each muscle group for all grip widths. Differences

between the rank sums were so large that they cannot be attributed to

sampling vari~bility. A ~ltiple~comparison-procedure for use with

- the Friedman analysis was conducted to determine where the-differences
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between the muscle (jrou~s occurn:d (Tdble B).

The lIIultiple cOlilparison ilndlysis for the concentr'ic contrilction

showed di fferences between the PS and AD, PC and MT, ilnd the AD dnd ~1T

muscles for the wide, medium and nonnal grip widths. As for the narrow

grip width, differences were found between the PS and Mr, PC ilnd MT,

and the AD and MT muscles.

Table 8. Multiple cOIII~arisun of the muscle fJroups
for the concentric contraction.

r~uscle Multiple
Grip Compari son Comparison Value

Hi de PS vs PC 14
PS vs AD 32*
PS vs MT 13
PC vs AD 18
PC vs MT 27*
AD vs MT 45*

MediulTl PS vs PC 20
PS vs AD 31*
PS vs MT 15
PC vs AD 11
PC vs MT 35*
AD vs MT 46*

Narrow PS vs PC 17
PS vs AD 04
PS vs rn 33*
PC vs AD 21
PC vs tH 50*
AD vs MT 29*

Norma1 PS vs PC 19
PS vs AD 35*
PS vs MT 17
PC vs AD 16
PC vs MT 36*
AD vs MT 52*

* Multiple comparison value Illustbe- greater than the critical
value of 25.4 to show significant differences.
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Wilen lOlllpiH'inu tile l'dnk sums for the luncentt'ic contraction (~Jr'ess­

InU pllJsc) for tile wide, filed i Uill , and nOrllldl yr'ip widths, tile AD was

delenlli lied as be i ng rccru i ted fi r's t, fu lluweJ oy tile PC, Ule 115, and

the MT. As fOt' the narrow gri p width, the PC was deterilli ned as bei ng

recruited first, followed by the I'S, the All, Jnd tile ~lr (f\ppendix D).

The chanqe in tile shoulder jOlnt anqle or position from a lJI'CJe angle

to a silldllel' anule seemed to alter the 1I1uscie recrultillent orc1er.

Tile eccentric contraction showed continuous IIluscle activity for the

MT and the PS muscles throughout the entire lowering phase. The PC and

AD muscle activity was quiet during the support of the bar by the arllls.

As the lowering phase began, both the PC and the AD were recruited.

Overall, during the eccentric contraction the AD was recruited first

followed by the PC.

The reCY'uitment order for the wide, medium, and nonllal grip widths

for the concentric contraction seemed to show a specific pattern. It

could be theorized that the recruitment pattern for the muscles

involved in shoulder flexion may be associated with the size of the

muscle, with the smaller muscle being recruited first, followed by the

larger muscles. The AD, which was the smallest muscle involved in

shoulder flexion for this study, wa-s recruited first for the concentric

contraction of the bench press. The PC was recruited second followed

by tile PS which was the largest muscle analyzed.

Several theories could exist as to why the muscles were recruited

in such an order. One theory involves the position of the shoulder

joint. When the shoulder joint i~ ~ositioned at a specific angle the

AO,pe, and the PS which are irivolved in shoulder flexion are placed in
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d S pee i f ic 1inc u f pul 1. l-H len d S Pec it ic s h0 u1de r j II i 1\ t d nCJ lew d sus cd ,

<I') in th/:! bencll press l:xercise, the muscles involved in shuulder flexion

Jre lengthened tu vdt'ying len~JLhs, and the lIIuscles do not sllorten

sililultdneously during tile cuntractiun.

When using a wide, IIlediulll, dnd nonlldl grip width position, the

shoulder joint angle WdS in d positiun that when the contt'action was

initiated, the tension was produced first by the AD lIIuscle. The PC was

the next Illuscle in position to assist in the contraction, followed by

the PS. However, when the shoulder joint angle was significantly

altered, as when using the narrow grip width to perform the bench press,

there was a change in the 1i ne of pull for the muse Ies i nvol ved in the

study. Therefore, the change in the shoulder joint angle may be

responsible for the change in the recruitment pattern of the muscles

involved in the narrow grip width.

The inquiry into the recruitment pattern of the muscle groups

involved in the bench press has interested individuals who pedorm the

bench press for some time. Many opinions have been for~ulated through

observations of the muscles involved in the bench press (Algra, 1982;

Gillett, 1980). Without the use of electromyography, the arrival of

neural stimulation to the muscles cannot be determined accurately. From

the results of the Friedman analysis of variance (Table 7) it can be

observed that the differences between the sum ranks are very large.

It may be concluded from these results that a definite difference

exist~ between the order in which the muscles become involved during

the concentric contraction of the bench press exercise.
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One Cllncern of the in(jiviJuals who pertorlll the bench press exel'cise

1S theinvo"lvement of the muscle ~Jroup~; contributing to the eccentric

and concentric contractions. A FrieJIIJ(Jrl Iwo-wJY JnJlysis of variJnce

by rJnks was used to determine if a dJffel'ence existed between the sums

of the rJnks for the Jbsolute [~1G dctivity. This analysis indicated

which muscle group produced the qreatest ahsolute E~1C activity. Table

9 shows the results of the analysis using absolute fMC data.

Table 9. Friedman two-way analysis of variance for the absolute EMG
activity for the eccentric and concentric contractions .

Contraction

Eccentric

Concentric

._--_.
Grip

Xr 2 Ratio
Leve1 of

Widths Significance

Wide 19.94 .001
t'1edi um 16.83 .001
Narrow 24.80 .001
Norma 1 25.10 .001

Wi de 21.03 .001
Medium 14.00 .01
Narrow 39.05 .001
Normal 16.99 .001

Significance of the Xr 2 is based on the degrees of freedom (df :3)-;~
the level of significance from the X2 table. The XL2 value must be
larger than 7.815 to be significant at the pc.05 level.

The results indicated that significant differences (pc.05) were

found between the sums of the muscle group ranks for the widf', medium,

narrow, and normal grip width positions during the eccentric and concen-

tric contractions. A multiple comparison procedure was pe.rtunned to

determin~ where the differences between muscle groups were located

(Iabl e 10.)
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fable 10. Multiple COlillJarison of the absolute Ef1C dctivity.

Crip
Muscle

Compari son
Multiple COlllpdy'ison

Ec. Con.

PS vs PC 15.5 16.0
PS vs AD 42.5* 39.5*
PS vs ~1T 22.0 34.5*
PC vs AD 27.0* 23.5
PC vs MT 6.5 18. :l
AD vs ~H 20.5 5.0

PS vs PC 25.0 25.5*
PS vs AD 41. 5* 41. 5*
PS vs MT 30.5* 31.0*
PC vs AD 16.5 16.0
PC vs MT 5 .5 5.5
AD vs MT 11 .0 10.5

PS vs PC 45.0 t . 28.5*

PS vs AD 41 .5* 52.0*
PS vs MT 36.5* 34.5*
PC vs AD 3.5 23.5
PC vs MT 8.5 6.0

. AD vs MT 5.0 17.5

PS vs PC 20.5 15.0
PS vs AD 46.5* 35.0*
PS vs MT 33.0* 32.0*

PC vs AD 26.0* 20.0
PC vs MT 12.5 17 .0
AD vs MT 13 .5 3.0

Normal

Narrow

Medium

\.J i de
--_._--_ ..__._------------------ ------------- .----------

---------

* Multiple comparison value must be greater than the critical value of
25.4 to show a significant difference for the muscle groups and
amount of EMG activity.

Table 11 presents the means and standard deviations for the
-

absolute EMG dat3 produced by the PS, PC, AD, and MT. A graphical

representation of the mean absolute EMG activity by grip and muscle for

the eccentric and Gcntentric contr~ction is presented in Figures 21

through 24.



I

Tab le 11

Means and standard deviations for the absolute EMG

activity for the eccentric and concentric contraction.

Vari ab l'e Mean SO
Ec. Con. Ec. Can.

Pectoralis Sternal
Wilde 1. 91 2.39 .87 1. 04
Medium 1. 71 . 2.25 .86. .99
Narrow 1.77 2.51 .77 1.13
Norma 1 2.27 2.96 1.02 1. 36

Pectoralis Clavicular
Wide ~.16 2.70 .69 .79
Medium 2.28 3.00 .78 .92
Narrow 2.84 3.39 .93 1. 21
Normal 2.70 3.37 .92 1.10

AntE;:rior Deltoid
Wide 2.77 3.44 .84 1. 02
fVled i um 2.69 3.52 .84 .91
Narrow 2.69 4.22 .69 1. 23
Normal 3.45 4.18 .98 1.12

Medial Triceps
l~ i de 2.3:> 3.21 .73 .96

·Hed ium 2.30 3.28 1. 00 1.17
Narrow 2.6S 3.63 .15 1.11
Normal 3.04 3.96 .99 1.10

Abs.olute EMG activity measured in 1<; la-millivolts Ec. Eccentric Contraction '-0
-.....;

* N±:28 Con. Concentric Contraction
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The Iliultiple cornp<irison dnalysis for the eccentric contraction

deilionstrdted a difference betl',een the PS and PC for the narrO\'J gt'ip

width; the PS and AD for all grip widths; the PS dnd the MT fOl' the

medium, natTOw, and normal grip widths; the PC and AD for Ule \vide and

the normal grip widths. For the concentric contraction, the analysis

showed a difference between the PS and PC for tile mediulIl and narrow

grips; the PS and AD for all grip widths; and the PS and MT for all

grip widths.

When reviel'Jing the sums of the ranks and the mean absolute EMG

activity for the muscles involved in the study, it was determined that

a single muscle produced greater overall H1G activity, and therefore

had greater involvement for all grip width positions. ~he eccentric

contraction showed that the AD produced the greatest absolute EMG

activity for the wide and medium grip widths. The narrow grip width

produced the greatest absolute EMG activity in the PC, followed closely

by the AD and MT. The concentric contraction demonstrated that the AD

produced the greatest absolute EMG activity for all grip width positions.

It could be concluded from this study that the AD muscle was predomin­

antly active for all grip widths during the concentric contraction,

followed by the MT, PC, and PS. However, each grip width demonstrated

a change in absolute EMG activity-produced by each muscle group.

It is graphically represented that the absolute EMG activity

increases in amplitude from the wide grip to the narrow grip width.

This increase in EMG activity may be attributed to the effects of train­

ing. These tratAing adaptations t6 strength, or decreased EMG activity,

in the wide grip may be due to hypertrophy (larger cross-sectional area



103

of fd~)t twit.ch fibers), neuriJl leilrninq, speciFicity of traininf], dnd

llA. The trdinin(J addptdt.ions help increase the speed ilnd fone of the

cont.rdction ilnd the rdte at which the muscle develops tension. It has

been theorized that muscle aduptation to strength traininq is speci fic

to the type of exercise (Astrand et al., 1977).

In conclusion, for this sample, the narrow grip width produced the

greatest absolute EMG activity in all muscle groups, with an exception

to the normal grip width with the Illaximal weightluad. vJhen tr'aining at

a percentage of your lRM, it may be beneficial to train at a qrip width

which involves the greatest recruitment of motor units, the greatest

motor unit firing rates, and greatest muscle activity. In addition,

overall the lRM produced the greatest EMG activity. Therefore, for the

purpose of strength training, it may be a greater benefit to use a

weightload which produces greater EMG activity or muscle involvement to

optimally increase the strength of a"muscle.

The R~~at~~nshiL.Between Shoulder Joint Angle.and Muscle Gr_Q~

The shoulder joint angle formed by an individual performing the

bench press may playa role in the success of the lift. Individuals

experienced in the performance of the bench press have developed

specific styles. These specific movements are learned by the brain and

performed the same each tim~ the bench press is performed. The specific

-movement involves the abduction of the shoulder to a desired position

or angle. The specific angle is formed each time a repetition is

executed. This specificity of training results in training the muscles

to perform optimally at the specific shoulder joi nt angl t.-repet it ion"

-_.~----------------------------------_.-
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i.llter repetition. However, if the learned shoulder joint ilflCJle is

sOlllellow dltered durinq the lift, would the chanqe in the dnyle effect

the de CJ r ee 0 f III usc 1e i nvol velll ent ?

I t: wdS <HI 0 bj ec t i ve 0 f t his studY t 0 de t e rill i ne i f the po s i ti 0 ni n9

of the shoulder joint angle (reff'r to I iqures 6 to 9) had an effect I)n

the degree in which the muscles wer'e involved in the concentric contrac-

tion of the bench press exercise. Table 12 presents the lIleans and stand-

ard deviations for the shoulder joint angles.

Table 12. Means and standard deviations for
the shoulder joint angles.

Grip Mean (0 ) SO

Hi de 63.1 * 3.84

Med i um 54.1* 2.85

Narrow 40.1 * 1. 91

Normal 57.5 3.84

* Based on elbow joint angle measurements

A Pearsons Product MOlllent Correlation Coefficient was performed to

determine if a relationship existed between the shoulder joint angle

and the EMG activity elicited by the muscles being analyzed. Table 13

illustrates the correlation coefficients calculated between shoulder

joint angles and EMG muscle activity.

It can be observed that for all shoulder. joint angles, correlations

were very low and only 2 significant correl~tions were found. The wid~-

grip width showed a 'significant (p<.05) negative relationship between



105

lire anqle dnd the PC lIIuscle. The medium grip delllonstrJted J sifJni fi­

cclnl (fJ<.05) positive reldtionship between shoulder an~Jle dnd the PS

Illuscle. Due to the findings of this ·;tudy, illustrated in Tuble 13,

it Illay be concluded that a weak relationship exists between shoulder

joint anfJles and the EMC activity. The weak r~lationship between the

ruble ]3. Correlation coefficient belween shoulder
angle and EMG muscle activity.

Angle

Wi de

Med i um

Narrow

Norma 1

Muscle r

PS 0.06
PC -0.39*
AD -0.09
MT -0.18

PS 0.39*
PC 0.04
AD 0.22
MT -0.09

PS 0.26
PC 0.02
AD 0.10
MT 0.01

PS -0.15
PC -0.04
AD -0.13
rn -0.11

* p <. 05

shoulder joint angle and EMG activity indicated that the predictability

is very low. The weak relationship between shoulder joint angles and

EMG activity may be due to the limitations imposed by the study. The

primary limitatton was the lnability to control the shoulder joint

angle -po~ition for all subjects. Therefore, during the concentric
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cuntTdction, there exists d l"I'qe vclridliun between c1IHjles.

In conlusiun, it would be beneficial for an individual to deter­

rnine the shoulder joint anLjle that produces the greatest [MG tlctivity

in the muscles involved 1n the performallce of the bench pt'ess exercise.

This inforillation will allow an athlete to train using the speclfic

shoulder joint angle. When a specific angle is used, it allows the

individual to optimally train the muscles involved in the contraction,

and improve the strength and performance of the muscles involved in the

bench press exercise.

The Relationship Between Et~G Activity_and GriF.JLjdth

A Pearsons Product Moment Correlation Coefficient was calculated

to determine the relationship between the EMG activity produced by the

muscles involvea in the study and the grip width position. Table 14

illustrates the findings of the correlation.

The results of the correlations showed significant (p<.05) positive

relationships between the PS and PC, the PS and MT, and the PC and MT

muscle groups for the medium, narrow, and normal grip widths. However,

in these groups, the correlations were low, indicating that weak rela­

tionships were found between the muscle ~roup EMG activity and the

grip width position. The wide grip wide showed no significant relation­

ships. The lack of any significant relationships for the wide grip width

was most likely due to the fact that the EMG activity produced by the

4 muscle groups were very similar. The AD and MT muscle group compari­

sons showed a non-significant negative relationship for the wide,

medium, and narrow grips.
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rab1c 14 . Cor r e1d t ion c0 c If i c i cnt s [J c twee n tile rM C
activity and tile fjrip width position.

----- ._---~-

Muscle yJi de Med i UIIl Ndrrow No nlla 1
COlllparison r r r r

-------
PS vs PC 0.03 0.35* 0.38* 0.46*

flS vs AD 0.18 o. zr) 0.27 0.18

PS vs MT 0.19 0.34" 0.47* 0.39*

PC vs AD 0.28 0.12 0.12 -0.07

PC vs MT 0.19 0.34* 0.44* 0.42*

AD vs MT - 0.19 -0.16 -0.12 0.02

* p<.05 1eve1

It was the objective of this study to determine the relationship

between the EMG muscle activity and the grip width position. The results

of the correlation showed positive relationships between the PS and PC,

the PS and AD, the PS and MT, and the PC and AD, the PC and MT for the

wide, medium and narrow grip widths. These results indicated that as

the EMG activity in one muscle increased the EMG activity in the other

muscle also increased. Although these relationships were very low,

there was a tendency for a musc-l e to i ncrease E~1G activi ty as another

muscle increased EMG activity. Negative non-significant relationships

were found between the AD and MT for the wide, medium and narrow grip

widths. Significant relationships were found only in the medium,

narrow, and normal grip widths.

It may be concluded from the r-esults of the study that ast.he EMG

activity in-a single muscle increa.s_ed during the concentric contraction,
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till' It~(; dctivity developed in dnoUler IIIIJ:;cle group inCT'cdset! pro[Jor-

tilJlldlly IITltil tile object WJS moved. Ille increase in EMC Jctivily 1I1ay

be> leldted to tile tension developed ~liUlin the muscles analyzed.

~~le_I~(~.L0.~Jy!~sJUJ~Between .~.!!!..J.e~~_i:..n~_~Li-'p"~U cit 1~_~e~_Lt_i_~r~

fIle length of the arlll, from the heod of the humerus to tile ulnar

styloid process, is an important fJctor to be considered fOlo the perform-

ance of the bench press exercise. Many individuals do not consider the

length of the arm when selecting an appropriate grip width. It has been

suggested that individuals with longer arms should select d wider grip

width and those with shorter arms should select a closer grip width.

Correlation coefficients were calculated between the arm length

measurements and the grip width measurements. The results indicated a

significant (p<.OOl) correlation(r = 0.68)between ann length and the

wide grip width. These results demonstrated a modest relationship

between the wide grip width and arm length. The medium grip showed a

significant (p<.05) correlation (1' = 0.39) between the arm length and

the medium grip width. As for' the narrow grip width, the results

showed a non-significant correlation (r = 0.01) between the arm length
-

and narrow grip width.

Positive correlations were also found between grip widths. The

wide and medium grip widths demonstrated a significant (p<.Ol) correla-

tion (r = 0.58), where as the wide and narrow grips showed a non-signifi-

cant correlation (r = 0.28). A significant (p<.OOl) correlation

(r = 0'.66) was found between the medium and narrow ~rip widths.

It may be concluded from the res'ults of the correlation that

individuals with longer arms tend to grip the bar using a wider grip
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width tlldn those with shorter drillS. In this study the \~ide, flIerliUlIl,

and ndrlOW <]rip widths weroe based on the subject's elbow joint angles.

Elbow joint dngles of BOO for the wide, 60 0 for the medium, ilnd 400 for

Ule narrow grip were determined. The purpose for usin<] elbow joint ilngles

WdS to 11Idke the qrip widtll distance proportiollal to the subject's ilrrll

lenqth, dnd keeping the distance the bar must travel for eilch subject

reliltively the same. In addition, it may be concluded thilt as the arm

length of the subject increased, the elbow angle also increased, thus

increasing the grip width distance.

Shou 1der Jo i nt A~_Meas~efllents

The shoulder joint angle, formed when the bar is lowered to the

chest and maintained during the pressing phase, may be of some importance

to the involvement of the muscle groups analyzed in this bench press

study. However, does the change of the shoulder joint angle affect' a

change in the muscles involved in the muscle contraction?

An analysis of variance was calculated to determine a significant

difference between the shoulder joint angles and the grip width posi­

tions. The means and standard deviations for the shoulder joint angles

and grip widths are located in Table 12 (Appendix E) and Table 15

(Appendix F).

The analysis of the data revealed that significant differences

(F = 53.24, df = 3, 108, p<.05) were found between the shoulder joint

~ngles for the wide, medium, narrow, and normal grip widths. To

determine where the significant differences lie between shoulder joint

angles, Scheffe' post hoc analyses were performed (Table 16).
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TJble 1~). MCdns dnc! stdrJddt'd deviJtions for
the qrip width pusitions.

---_._----------- ----._---------~---~-----------~-_._---

Grip MCiln (in) so

2.8534.5
---~----~--------~----~---~-----~~----------

\>Ji de

t~ed i UIIl 26.2 2.29

Narrow 15.4 1. 91

Nonllill 2B.3 3.84

8y comparing the means of the shoulder joint angles and the grip

width positions it can be determined that as the grip width increased,

the shoulder joint angle also increased.

Table 16. Scheffe' post hoc analysis of
the shoulder joint angle.

Angl e Level of
Compa ri so n F Ratio Significance

\oj vs M 22.50 0.01

W vs N 146.94 0.001

\oj vs No 8.71 0.05

M vs N 3.90 NS

M vs No 3.60 NS

N vs No 86.04 0.001

The results may be interpreted by saying that during the perform-

ance of the bench press, when a wide grip wtdth is used there is an -

increase in the shoulder joint angle, and when a narrow grip width is



used there is il decreilse in shoulder Juint angles. He post hoc

dnillysis showed significilnt differences between the wide dnd mediull1

grips, the wide ilnd narrow grips, the wide and normal grips, and the

norrow dnd nurmal grip widths. The findings showed that as the grip

width positioned changed, so did the shoulder joint angle.

111



CHAPTER V

SUMMARY, FINDINGS, CONCLUSIONS,
IMPLEMENTATIONS AND RECOMMENDATIONS

The purpose of this study was to provide electromyographic

information for the eccentric and concentric contractions during the

performance of the bench press exercise. The EMG analysis of the bench

press exercise presents the myoelectrical activity for the sternal and

clavicular heads of the pectoralis major, the anterior deltoid, and

the medial head of the triceps produced during the eccentric and

concentric contractions.

Twenty-eight male volunteers, experienced and trained in the

performance of the bench press, were involved in the analysis of the

bench press. The subjects met twice for data collection. The first

meeting involved determination of the MVC (lRM) for the bench press

exercise, and the measurement of elbow joint angles to determine the

wide, medium, and narrow grip width positions. The second meeting

involved the actual EMG data collection. The experimental design

involved 4 trials. Following the warm-up repetitions, the first trial

was performed, which included a maximal repetition using the subject's

normal training grip width. The lRM was used to obtain the maximal EMG

mus-cle activity for the 4 muscle groups analyzed. The remaining 3 trials

were performed with 85% of the maximal wefghtload using a wide, medium,

112
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and narrow grip width to t'ccor-d B5'l [MC muscle dctivity. A single

113

repetition was performed for each tridl allowing 3 minutes t'est between

tr'ials. Bipolar surfdce electrodes were used to detect the myoelec-

trical activity produced by each muscle studied. The bipolar surface

e1ect rod es we replaced 0 ver the III usc 1e be11 y illS Peci f i car eaS (t' e fer

to Chapter III, electrode placement). A stimuldting electrQde was

used to administer an electrical stimulus to the subject, as a co~nand

to indicate initiation of the lowering phase, and the pressing phase of

the bench press. The electrical stimulus was also recorded and used as

a reference mark for the beginning of the eccentric and concentric

contractions. A photograph of the subject's shoulder joint angle was

recorded and used to determine changes in shoulder joint angles, in

relation to the grip width positions.

The EMG data was analyzed to determine if the wide, medium, and

narrow grip width positions affected a change in the EMG activity

produced by the muscles involved in the study, and to determine the

degree of involvement of each muscle. The recruitment patterns of the

muscles during the concentric contractions were also determined from

the EMG recordings. The photographs recorded of the subject's shoulder

joint angles were used to establish if a relationship existed between

the shoulder joint angles and the muscle activity produced.

Research conducted on any type of free weight resistance exercise

will provide information useful for its physiological and biomechanical

analysis. The information obtained from this research should provide

indivlduals with aweater understanding of the bench pr~s~_ exercise.

Hopefully, the research analyzing the bench pressex-ercise will
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stilllulJte further investigations deal illq with free weight performed

resistance exercises.

Fi~diD~~

The following findinys were formultlted from the results of the

study:

Ratio of EMG Activity for the Eccentric Contraction

1. There were s i gni fi cant differences (p <.. 05) between the ra t i os

of EMG activity produced by the PSt PC, AD, and MT muscles for all the

grip width positions.

2. There was a significant difference (p<.05) between the ratio

of EMG activity produced by the PS and PC muscles when using the narrow

grip width position.

3. There was a significant difference (p<.05) between the ratio

of EMG acticity produced by the PC and AD muscles when using the narrow

grip width position.

4. There was a significant difference (p<.05) between the ratio

of EMG activity produced by the narrow and wide grip width positions for

the PC muscle.

Ratio of EMG Activity for the Concentric Contraction

1. There were s i gni fi cant differences (p <.05) between the ra ti os

of EMG activity produced by the PS, PC, AD, and MT muscles for all the

grip width positions.

2. There was a significant difference (p ~05) between th~ ratio

of EMG activity produced by the PS a~d PC muscl~s ~hen usiflg the narrow

grip width position.
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3. Th elewas a si 9rI i f i can t di ff ere nce (p <. 05 ) be lwee n t he rat i 0

of [MG activity produced by the PS and AD muscles when usin9 the narrow

glip width position.

4. rhere was a significant difference (p<.05) between the rdtio

of EMG activity produced by the nalrow and wide grip width positions

for the PC muscle.

5. There was a significant difference (p<.05) between the ratio

of EMG activity produced by the wide and narrow, and the medium and

narrow grip widths positions for the AD muscle.

6. There was a significantly greater ratio of EMG activity

produced by the AD muscle when using the narrow grip width, than by

either the medium or wide grip width positions.

7. While there were greater ratios of EMG activity produced by

the PS, PC, AD, and MT muscles when using the narrow grip width, than

for the wide or medium grip width positions, these ratios were not

significantly different from one another.

8. There was a greater ratio of EMG activity produced by the PS

muscle, than by the PC, AD, and MT muscles when using the wide grip

width position, these ratios were not significantly different.

9. There was a greater ratio of EMG muscle activity produced by

the PS, PC, AD, and MT muscles during the concentric contraction, than

during~the eccentric contraction, these ratios were not significantly

that the use of a wide, medium, and-narrow grip widths produced__signifi-

£ant differences between the ratio of EMG activity for the~ccentric
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JJHJ cuncentric cuntrJctiun. Tile pilttern und invulveillent uf tile [MG

ilctivityis effected by tile grip width position. Therefo/'e, the

hypothesis in Chapter I which stated that there were no differences

between the ratio of EMG activity for the grip width was rejected.

Recruitillent Analysis for the Concentric Contraction

1. There were significant differences (p<.05) ln the SUIllS of the

recruitillent order ranks between the wide, medium, narrow, and norillal

grip width positions.

2. The AD muscle was determined as being recruited first followed

by the PC, PS, and MT muscles for the wide, medium, and normal grip

wid t h posit ions .

3. For the narrow grip width, the order of muscle recruitment

was PC, PS, AD, and MT muscles.

Significant differences were found between the sums of the recruit-

ment order ranks for the 4 grip width positions. Specific patterns

exist between the order in which the muscles are recruited for the

concentric contraction. Therefore, the hypothesis stated in Chapter

dealing with the recruitment order was rejected.

Correlations for the Cgncentric Contraction

1. There was a significant (p<.05) negative relationship between

the shoulder joint angle formed by the wide grip width and the EMG

activity produced by the PC muscle.

2. There was a significant (p<.05) re}ationship b_etween the
~

shoul der joinLilngl e formed by the medi um gri p wi dth and the EMG acti vity

produced by the PS muscle.
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3. Then: \lIdS an over'dll wedk relationship between the effects of

the shoulder joint angle un the pattern of EMG activity pt'l)(jucecJ by

the 4 muscle groups.

4. There were significant (p<.05) relationships between the PS and

PC, the PS and MT, and the PC and MT muscle groups for the medium,

nar row, and norm a1 grip ,,' i dt h posit ions .

5. There were overall weak relationships between the effects of

the grip width position on the EMG muscle activity produced by the PS,

PC, AD, and MT muscle groups.

6. There were significant differences between the shoulder joint

angles for the wide and medium (p<.05), wide and narrow (p<.OOI), wide

and normal (p<.05), and the narrow and normal (p<.OOI) grip width

pos it ions.

Weak relationships exist between the shoulder joint angles and

the pattern of EMG activity. However, the results indicated that the

positioning of the shoulder joint did effect the pattern of H1G activity

in 2 cases. Therefore, the hypothesis stated in Chapter I which stated

that there were no significant differences was rejected.

Absolute EMG Activity Measurements

1. There were significant differences (p<.05) between the absolute

EMG activity and all the grip width positions.

Eccentric Contraction

2. There was a significant difference (p<.05) in the absolute EMG

'activity between the PSand AD muscles for the wide, medium, narrow,

and normal grip width positions.
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3. There was a significant difference (p<.05) in the i.lbsolute

EMe activity between the PC and AD muscles for the wide dnd norllli.ll

fJrlp width positions.

4. There was a significant difference ( p<.05) in the absolute

EMG dctivity between the PS and MT muscles for the medium, narrow and

normal grip width positions.

5. There was a significant difference (p<.05) in the absolute

EMG activity between the PS and PC muscles for the narrow grip width

position.

Concentric Contraction

6. There was a significant difference (p~05) in the absolute

EMG activity between the PS and PC muscles for the wide, medium and

narrow grip width positions.

7. There was a significant difference (p<.05) in the absolute EMG

activity between the PS and AD muscles for all grip width positions.

8. There was a significant difference (p<.05) in the absolute

EMG activity between the PS and MT for the medium, narrow and normal

grip width positions.

9. The AD muscle produced the greatest absolute EMG activity for

all grip width positions followed closely by the MT, PC and-PS muscles.

10. There was a greater amount of absolute EMG activity produced

by the muscles during the concentric contration than during the

eccentric contraction.
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Conclusions

1. This investigation IJrovides evidence thdt the delJr'ee of muscle

activity and muscle involvement for tne PS, PC, AD, and MT Illuscles is

effected by the wide, medium, and narrow grip width position, during

the performance of the bench IJress exercise. The diffen.'llces in muscle

activity are indicative of how the grip width position effects the

involvement of the muscles. The patterns of muscle activity produced

by the muscles when contracting against a submaximal weightload indicate

that the narrow grip width may be more advantageous for developing

greater muscle activity.

2. In the analysis of the recruitment order the results revealed

that a specific recruitment order does exist for the PS, PC, AD, and MT

muscles during the concentric contraction of the bench press exercise.

The recruitment order for the muscles involved in the bench press were

effected by the changes in the shoulder joint positions. This was

shown by the recruitment order remaining constant for the wide, medium,

and normal grip widths, and then being altered when the narrow grip

width was used which decreased the shoulder joint angle.

3. The results of the correlation between the shoulder joint

angle and the EMG activity revealed that the position of the shoulder

joint had a slight effect on the degree of muscle activity produced by

each muscle group involved. Further research may produce evidence

indicating that the shoulder joint angle has-a definite effect on the

involvement of the muscles during the bench press exercise.

4.-11 was evident that the grip width position had _an effect on

the pattern of EMG activity produced by the muscles involved in this
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study. Therefore, the selection of a specific yrip width position
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fIIay influence the degree in which a muscle is involved in the bench

pres s ex erci se.

5. The amplitude of EMG activity fJr'oduced by the IlIlJscles involved

lfl the study is representative of the reuuitment of motor' units and

increased firing rates of motor units. As the EMG activity in a

muscle increases, or as the force of the contraction increases there

is a increase in the firing rates of active motor units, and an increase

in the recruitment of new motor units.

Implementations

The analysis of the wide, medium, and narrow grip width positions

during the eccentric and concentric contractions evoked varying

responses of the neural and muscular components of the bench press

exercise, Although it was not the purpose of this investigation to

determine the best overall method of performing the bench press exercise,

it was the purpose to provide EMG data on several muscle groups during

the performance of the bench press exercise. The following training

implementations from this study may be applied to help improve the

performance of the bench press, and increase its use as a method of

training.

1. When incorporating the bench press exercis~ into a training

program it is necessary to understand the function and involvement of

the muscles involved in the exercise. When training with the bench

-press at submaximal weightloads it may be of a great~r benefit to train

the muscles using a narrow grip width position .. The narrow grip width
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position evoked greater muscle activity and involvelilent from the

1I1uscle groups studied. than the wide or medium grip width positiuns.

The narrow grip width was responsible for eliciting a gY'eater reCt'uitment

of motor units and an increased firing rate of active [llotor units.

2. When using the bench press to train specific muscles involved

ina spec i fi c movement it is recommended that a grip wi dth be used whi ch

simulates the position of the arms during the movement. This will

ensure greater stimulation of the motor units and increase the strength

of the muscles involved for that particular position.

3. When implementing the bench press exercise into a training

program it is recommended that a variation in the grip width position

be used and incorporated. The use of different 9rip width positions

will stimulate and increase the performance of all the muscle fibers of

a specific muscle. In addition. overall strength and performance will

increase in all the muscles involved in the bench press exercise.

4. When incorporating the bench press exercise into a strength

training program it is suggested to use a weightload which stimulates

maximal recruitment and firing rates of involved motor units. The use

of a maximal weightload produces greater overall EMG activity in the

muscles. and as a result stimulates greater strength development.

Recommendat ions

The following suggestions are made for future studies:

1. Conduct an electromyographic study separately analyzing the

eccentric and cDncentric contractions of the bench.-press exercise.

2.. Conduct and 'Er~G analysis of the bench press us i ngi nserted wi re
. .

electrodes and intergrated EMG data .

•• ~"'''0i:,:
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3. Conduct an EMG analysis of the bench pr'ess eX(TC1Se cOlllpaY'ing

the muscle activity between trained and untrained lifter's.

4. Conduct a study specifically analyzing the effects of the

s ha u1der j 0 i ntan91eson the musc 1e i nvol vem e nt duri rll) the per form a nce

of the bench press exercise.

5. Conduct a study which determines d Illaximal repetitiun for each

grip width position, and then compare the maximal EMG activity for each

fIIuscle group analyzed.

6. Conduct a study analyzing the bench press using electromyograpy

and cinematography.

7. Conduct a study analyzing the same muscles involved in this

bench press study plus additional muscle groups such as; the latissimus

dorsi, medial and posterior deltoid, and serratus anterior.

___IIIIIIal. _
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OIIII,ljll:_!'OVJIIIIJI TINI, IWIIS LJ}J~XIJ~_OJ_{~~IN~~

THE H'}l) 1IIINDlD IllNCH PRE~)S

A. Illl' I iftl't' Illely elect tu aSSUllle (Jill of t~'iO po')iLiuw, 011 LIlt: Ilellell
j!1'l",c" Vllli,11 tilUSt h(~ Illailltdincd dlll'irllj Lhl~ lift.

1. Will, tlead, tTllllk, and le'lj', l~xtelldl'd 011 Lhe Ill'nch, ~rWt.'s

Ioded, Iwe 1'j on Lile Ill'IICtl, or

2. I,Jilt, hc'ad, crunk (includlllCj 1)lltLocKs) l'xtenlh:d on tilt'
IlUICh, feet flJL on tne tloor.

*1), The siqnal to begin the lift shall Lit' ,!ivt~n vJheli tne bill' is absolute­
ly IlloLionless at the chest.

*C. At Ihe signal the bar is pressed vertically to str'aiqht arm's lenCjth
and held motionless for the signal to replace the ba~.

D. The -I ifter may use any method to bri ng the !Jar to ttie cnes t prepara­
tory to the uplifting movement.

*E. The width of the bench shall not be less than 10 lnches nor more
than 12 inches. The height of the bench shal I not be less than 14
inches nor more than 18 inChes.

F. If the lifters trunk and the bench top are not of sufficient color
contrast to enable the officials to detect a possible raising of the
buttocks, the bench top shall be covered accordingly.

G. The spacing of the hands shall not exceed 32 inches measuring between
the forefingers.

H. In this lift, the judges and referees shall station themselves at
the best points of vantage.

I. f~or tllose lifters who elect to use position (2) and wtwse feet do nut
touch the floor, the platform Inay be built up to provide finn footillg.

J. Two spotters shall be mandatory.

CAUSES FOR DISQUALIFICATION

*1. Du~ing the uplifting, any change of the elected lifting position.

*2. Any ra is i ng of the Iif tel's head, shou 1del's, but tack s, or legs frolll
the bench, no movement of the feet.

*3. Any shifting of the same.

*4. Bridging in any form.
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l 3 i

A I). lIllY Ill'dV i Ij(J (H' [)OIJIIC i 11<) or L11l' IJ:1r fl'Oll1 till' (11(", I..

*6. IllluVJillq L1ll' bar La sink l'XCt!'~';ivl'ly ililo tile lifll~I's dll~SI.

A!. Hny UIICVI'1I ex tells i Ull uf L11l' arlllS.

*9. J\ny touching of Ule IJa, by tile SPOUl')'S cldort: the arill', art'
rII II Y l) x t t~ ncJ ecJ .

!ell), failure Lo wait for till: siljllal.

*11. I.l r aci n9 d9a ills t the bl' ncIi v'i it Ii l hl' f l' I) t .

*12 . [) I' ac i n9 S Ii 0 u1cJ e r S a9a ins t up rig ht s oft he IJ en ch .

*13. Hitting the ~prights while lifting the bar.

*14. Any fonn of wrapping or bandages on the wrist, elbov'i 01' any part
of tne body is prohibited.

* Rules that applied to this study.

--"""'---------------------------
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INIOI\MLiJ CONSII~l 1(11\[\1

TillE: I\N [LLCmOMYOL;R/WHIC ANALYSIS Of- (lUI'IE OF TilE r'lW;CI E CIWIWS
Ii'~VOLVELJ 1N I HE IJERHmMANCL OF Hll FlENCl1 IJRESS D[I~Cl ~)[.

FJI~HICIPf\L INVESTIl;ATOI<: W[LLIf\~1 J. r~IlKSl!jL

I) fH) CEDURE: I unci t: r s tan d t hd t Pr i () r 1 a cl d t d col Il~ cL i0 II [ "n 1 I tJ t" (' XIW C t C~ d
tu pl:rforln several maxiillUI1l tTials to cJl,jcTllline a IllaxilllulJI weiljllLluad tllc1t
call be lifted fat' one repdition, lIsiny conect fOrlll, fur the I)t:nch pn~ss
exc'rcise. Elbow joint ancJll"s will Ill' 111t'(J';llt'cd to d(:LerJlJilll' appt'up\'iate
qrip widtllS. I understand U1Jt durillLJ Lilt: actuc11 testillq 1 \'Ji 11 LJe
required to perform one repetition at a 1!I.]xilf1iJl vJeightl03d using a normal
Lrc1ining grip width, and one repetition at (;(1% of the IlliJxillial \'Jei{~htload
using cach of the 3 randomly assigned grip 'tlidths, wide, Iliediulil Jnd
narrow. In preparation for the testing bipolar surface electrodes wi 11 be
applied to the skin over each of the 4 muscles being analyzed. These
muscles include the sternal and clavicular' heads of the pectoralis major,
the anterior deltoid, and the medial triceps. Ihe muscle analysis will
De performed on the dominant side of the body. Skin preparation will be
necessary at each site of electrode placement wnich includes; the removal
of any excess body hair, abr'c3sion of the skin with an alcohol svlab and ­
fine sandpaper, and application of electrode jell and electrodes, An
additional electrode will be placed on the dominant stlOU Ider between the
anterior deltoid and the clavicular sectioll of the pectoralis major.
This electrode will administer a smal I electrical stimulus indicating
when to initiate the eccentric contraction (lowering phase). A second
stilllUlus will be administered to indicate when to initiate the concentric
contraction (pressing phase) of the bench pt'ess.

1 understand that there exsists a possibility of a muscle strain
and, or soreness from U)e execution of the bench press. However, the
risk is minumized because a spotter will be assisting for each lift.
Momentary skin irritation may result from the electrode jell Deing
app 1i ed to the abraded sk in. Some di scornf ort may be experi enced from the
electrical stimUlus, but this is unlikely since the voltage is kept
to a minimum.

I, _~__.' being of sound mind and ._
-----~Narne of Subject) .

years of age, do hearby consent to, authorize and request the person
named above (and his co-workers) to undertake and perform on me the
proposed prQcedure, treatment, research or investigation (Herein called
"Procedure").

I have read the above document, and I have been fully advised of
the nature of the procedure and tne possible risks and complications
invol~ed in it, all of which risks and complications I hereby assume
volunfarily.
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I Ill:n'hy dcknovill'dllt' liidl no repreSl1nt\ltiOtI, vidtTdn1.it";, qIJdrdntl'll~;

or d',')urdIIU'S of dny kind pertaining to the procedut't,s havl' I)(~ell Illdde to
1111: Ily 111(: lIniversi Ly of Wiscoll', in-La Crosse, l'll1ployt'l's or hy iJnyonl'
act inc) on IH~ha If of dny of thell!.

und(~rsL(IIILJ LhaL I Illdy \viUldravl lnllil the stliejy at: dlly tilile.

Si gm:d a L ._._ . __ . .. this day of

<

...__ ..__... _._, 19 , ill the pn:sencl:' of \ IH' \'/1 tm's')l:C~ villOse

s i qnatures appear be 101-1 0ppos 1 te IllY s i lJna Lure.

In Tr~ ESS[D 13 Y:

I, , (husband, wife, parent, other)

of the aboved-narned subject , have read
the toregoing consent and th-eCJclcument attached hereTo~made a part
of such consent, and I hereby consent to the said Procedure.

v:ITNESSED 1:3Y:

~Signature )
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SII[L)LC I D/\TI\ "flLl T

vk ItJ11 t ._._.

1 fl.

llJ S .

1\nn Leong t 11 _

Ches t Si Lt~

I II .

Ill.

1\ lll~ s. ExpC'ri ence________ _____. yrs.

l)t'eJl'tl~nlliIWcJ Maxiliial Repetitioll 1us.

[)olJlinant Side

Elbow Joint Angle

Max

40

60

8U

o

o

o

o

~ri£Jiidth

_____ ~ (Normal)

______" (Narrow)

____" (Medium)

II (Wide)----

TESTING

Order

1st

~~ax i rna 1 We i gIlt 1bs .

85% of Max imuill

~lAX IMUM

NARROW

MEDIUfYi

WIDE

PS PC AD

lbs.
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