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ABSTRACT"

-

The purpose of tHis study“was to determine the différ-
ence between muséle'activity levels during bench pressing
with-an olympic bar, 'as compared to bench‘pressing with a
Universal Gym. Tﬁe muscles monitored were:péctoralis ﬁajor,'
fhe anterior head of the deltoid, fhe triceﬁs{band biceps
brachii.

-

The fourteen subjects were eprrienced weight trainers
with at least‘twb years of training experience, Each sﬁb;
ject was required.to perform four trials using each method.
The order for the eigﬁt trials was selecéed randomly. The
load was the Séme throughout the eight trials apd was estab-
-lished at 60% of the subjectis hbgierecent gingle repeti-

" tion-maximum, occurring within the month pzior to testing.
Surféce electrodes were uéed to pfovide electromyogra-
v ‘ ]

phic raw data signals which'Were amplified through an elec-

: .

troencephalograph unit and then recorded on line by a reel
to reel-fape recorder. -A basic averager program, was utilized
to provide integrated values in digital form for each of

the four muscles monitored from each trial. An initiation .

signal from a micro pressure switch, and a termination sig-

]



nal from a photo cell gate were used to frame each trial.
This allowed the basic.averéger program to provide the

time duration for each trial measured in one thousandths

- of a second. The times.  from the four trials of each

bench press'methqd were aﬁeraged and the resulting fourteen
pairs of averaged time values were tested for significant
differences using a Randomized Pair Comparison Design. The
reﬁulting t Test statistic was -1.89. This did not reach
the critical t values of 2,16 or -2.16 at the .05 level of

significance. The result was no significant difference

found between the pairs of averaged time values.

The integratgd values were then combined with appro-

priate time factors to provide integrated electromyographic

values per unit of time. These four values for each

muscle from the four trials using each type of bench press

. equipment were then averaged. The result was two averaged

digital values for each muscle from each subject.

_ The two averaged values for each subject and each
muscle monitored were ranked and a Sign Test was then
applied separately to each of the four muscles monitored,
The four resulting Sign Test statistics were .286 for the
pectoralis major, 2.571 fo; the anterior head of the del-

toid, .286 for the triceps and 2.571 for the biceps brachii.

All of these statistical values were less than the c¢ritical
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 chi square value of 3.84 at the .05 level of significance.

The result was no significant differences found for any-of
the muscles monitored with respect to their activity levels

between the two methods of bench pressing studied,

-
-

- ’
-
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Chapter I

- THE PROBLEM

1.1 INTRODUCTION

The early progress of training féchniques found.in the
field of weight training was often based on each partici-
pant's practise of the trial and error ﬁethod. For obvious
reasons, Fhig process was long, tedio@s and certainly ques-
tioﬁable. Out of=this rathgr slow march forward, certain
exercises and movements gained acceptance within the weight
training community as effective methods of training various

parts of the musculature.

When active scientific research addressed the area of
weight training, it was generally agreed that bench pressing
is a movement inyolvihg the péctoralis‘major, deltoid and
triceps (Hoffman, 1961; Homola, 1968} Leighton, 1961; and
Q'Shesa, 1969j. Extensive research has been condgcted to
determine the most efficient trainiﬁg programs using this
same movement to achieve maximal stfength ani{mﬁsclé hyper-
. trophy for the muscles involved (Berger, 1962, 1967; O'Shea,
1966). However, as the activity pattern of this-muscular
involvement has not been assessed, this has left a wide gap

in the literature.

“
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The introduction of'ﬁérious weight training devices
which‘pfesume~to simulate_thé observable movements of bench
pressing -with a free bar, has only served to widen the gap
in the literature. Tﬁis gap océurred since not all these

devices may produce the same effect upon the musculature as

produced while bench pressing with a free bar.

-

Dynacam, Nautilus and Universal Gym all produce devices
which visually simulate bench pressing with a free bar, but
all share one obvious difference from bench pressing with a
free bar: each device provides a guided path for the load.
being 1ifted. Bench pressing with a free baf places all
mechanical guidance requirements on the.musculature. This
difference in guidanée may result in different muscle . |

activity levels as a function of the guidance requirements

" demanded by the method of bench pressing with a free bar and

bench pressing through a guided path.

The results of a study which compared the above
mentioned bench\press methods would have application for
both the weight traininéiparticipant and the academic, Thé
obyious benefit to the participant is the better under-

standing of the comparative muscular involvement of each

. method, and therefore, a more knowledgeable base from which

to draw for appropriate equipment selection. The acadenmic
gain is that an electromyographic study of bench pressing
adds to the understanding of muscular activity levels during

specific co-ordinated movements under high load conditions,



1.2 STATEMENT OF THE PROBLEM

The purpose of this study was to determine the differ-
ences, if any, between muscle activity levels in bench
pressing with an olympic bar (an example of bench pressing

’ x

with a free bar), as compared to bench pressing with a
UniverSai Gym (a-device which visually‘simulates bench
pressiﬁg with a free bar]. Specifically, the total muscular
e}ecfriqal activity per unit of time was comparéd over the
_entire.vertical displacement of the load for each“bgpch
pressing method studied. The muscles monitored were
pectoralis major, the anterior head of the deltoid, the

triceps and biceps brachii.
1.3 HYPOTHESIS

It was hypothesized that the differing balance require-
ments of a.guided versus a non-guided path during two
similar prone bench press methods would have no efféct on
muscular involvement and ﬁherefore, there would not be any
significant differences in the muscular electrical activity

per unit of -time for each muscle monitored.

1.4 SCOPE OF THE STUDY

The study used fourteen (14) male subjects, ranging in
age from nineteen to twenty-six yeérs old. All subjects
possessed no medical history regarding problems with the

upper limbs. Each subject had at least two years of exper-



Jience on each pié&e of équipment.‘ Subjects were. required
to aftend one test. session. Each subjéct'S'moﬁt recenfl
single repetition'maximum was estéblished via questions
regarding their previous mogth's training program. The
subject was required to press 60% of this single %epetition
' maximum, a typical training level (Hoffman; 1961), during

each 'of the eight trials.

The four muscles monitored were pectoralis major, the
anterior head of the deltoid, the triceps and the bicepé
brachii, The selegtion of the first three muscles was based
on acceptance that all are Prige movers during the bench.
press (Hoffman, 1961). The selection of the biceps brachii
arises from the observation that this muscle is an active
shoulder stabilizer during movements of the humerus

(Slaughter, 1959), as occurs during bench pressing.

1.5 LIMITATIONS -

The small sample size of this study was unavoidable due
to the small population as defined in the prdyious section
of this paper. The result of this sample size was a reduc-
tion in the powef of the test and therefore an increase in
the probability of committing a Type Ii error. This could
have resulted in a faillure to reject the null hypothesis
when it was not true.

Musculature suﬁhzas the trapezius and the serratus

anterior, known synergists during the anatomical movements



involved ﬁith bench pyessing (Rasch and Burkei 1974), was
excluded as these were not mentioned in the weight traiﬁing
literatUre‘with respect to bench pressing (Hoffman, 1961;
Homola, 1968;‘LeightoQ, 1961; O'§E3§T 1969). The assessment
of their involvement méy have added to the understanding of
balance requirements during the two methods of bench press-

ing monitored in this study.

1.6 DEFINITIONS OF TERMINOLOGY

4

The following terms were used in the text as defined

here: ‘ ' I ~

Full-wave rectification: the absolute value of

displacement from the base line. The resulting
value represents both the electrical interference

monitored by thé positive and the negative elec-

trodes.

Load: the total weight displaced vertically,

measured in pounds. This was either the weight
of the 61ympic Bar and ;ttached plates, ér the
weight attached to the handles of the Universal

Gym bench press station. .
.%_

Olympic Bar: a six foot long, fleﬁible,‘round

metal bar with a gnarled grip surface. The
diameter of the bar is one inch. The collars at

each end are 2.5 inches in diameter. (A diagram



of an olympic bar may be found in Appendix A)

Repetition: the aqt’of lowering the load frem
. a position of‘full elbow extension to a -
position of touching, but not resting, on the
mid-poiht of the sférnum and then upwéfd
vertical QiSplacement.of the‘load back fo a
position at which the elbows are in full exten-
sion. a
EEE:. a specific number of repetitions performed

by a participant.

Izigl: the act of fertically displacing the
load from a stationéry poéition of‘touchihg,

but not resting, on the mid-point of the sternum
to a position at which the elbows are in full
extension, This act was performed.as rapidly

as possible by each subject.

Universal Gym Bench Press Station: a machine

which utilizes a second degree lever action’

and allows a participant to simulate the actions
of bénch pressing as defined under the term
repetition.. (A aiagram of é Universal Gym

Bench Press Station may be found in Appendix /A)



Chapter II ' .' ”

REVIEW OF THE LITERATURE -

2.1 INTRODUCTION

This cﬁapter presents a review of 1iterature‘reiaféd
" -to the study‘of’methods of prone bench preséing. The
chapter is divided into the following sections: authoritakive
opinion concerning musculature ihvolvemént, functions of
related musculature, factors affecting the ipterpretation
of integrated electropyograms, and the rationale for

selection of electrogyographic équipment.

2.2 AUTHORITATIVE OPINION CONCERNING& MUSCULATURE

INVOLVEMENT

It is generally accepted that bench pressing requires
(the active éoncentric involvemeﬂtlof the pectoralis major,
deltoid and triceps. Authors such as Homola (lQéS),
Leighton (1961) aﬁd b'Shea (1969) indi;ated this involve-
ment when they preécribed bench pressing as an effective
method of exercising these same muscles. This approach is
also in agreement with the guide to weight training pub-

lished by the A.A.H.P.E.R, in 1962.

The first attempt to suggest the relative involvement

of these muscles came when Hoffman (1961) stated that the



i 8
peftoralis major, Aeltoid and triceps are all prime movers
’ during the bench press. In 1975, Rosentswieg, Hinson and
Bourgregnon completed an electromyographic‘study of iéo-
kinetic Bench ﬁfessing. _Thé high activity levels of the
pectoralis major, deltoid and tricéps monitored during this
study of isokinetic bench pressing 1ent‘credence,to Hoffman;s
earlier statements. In addition, the biceps brachii was‘
chosen because of its effect as a shoulﬁer stabilizer during

the observed movement.

In Hingon‘s 1969 study pf pushups, the pectoralis major,
deltoid and triceps were found to be the most active muscles
monitored. This activity, and the direct similarity of
joint actions between pushups and bench pressing would seem
to support the opinions of the aforementioned authors con-

cerning. the musculature involvement of bench pressing.

2.3 FUNCTIONS OF RELATED MUSCULATURE

In an\electromyographic study of the musculature of the
upper limb, Scheving and Pauly (1959) noted activity from
the pectoralis major during both flexion and a&duction of
the humerus. That indicated that the activity levels mon-
itored increased as'opposition to the ﬁqvements was applied.
During flexion of the humerus, the clavicular head of the
égétoralis major was found to elicit the greater activity
levels, while the sternal head was most active during adduc-

tion of the humerus. These findings support those of the
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. i . . ’ "
earlier studies of Sigerseth and’'McCloy (1956) and Yamshon
(1949). and helped 'to form a strong basis.for the statements
of Hoffman (1961) concerning the pectoralis major as one of

the prime movers during the performance of the bench press.

Several studies such as those by Sigefseth and McCloy
(1956), Slaughter (1959) aﬁd Yamshon (1949) have established
the deltoid as being active during movements of the upper
limb. These investigators have conciuded thqf the anterior,
medial and posterior heads of the deltoid were active as

both-prime movers and stabilizers of the humerus énd the

~shoulder joint. Scheving and-Pauly (1959) concurred with

these findings and further stated that the three individual
heads of the deltoid are most active during mg%ements of the-
hﬁmerus in their particular line of pull. These same
researchers emphasized this finding when they indicated that
the anterior head of the deltoid is most active during
flexion of the humerus. This movement has already been
established as an intégral part of the perfofmance of bench
pressing. The same relative importance of this muscle to
the completion of the similar movement of pushups was

exhibited by Hinson (1969) when she found the anterior head

of the deltoid to illicit the greatest action potentials of

all the muscles monitored during the performancé of pushups.

During a study of extension of the elbow joint, Pauly
et al. (1967) determined that only the medial head of the

triceps was active when zero resistance was applied. These
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same investigators fufther stated that during resisted
extension, which occurs during the performance of the
movements of bénch pressing, thé participation of the ..
remaining two heads of the triceps brachii commenced
and increased with increments of the resistance. These
findings supported those of Travill (1962), who conducted
similar electromyographic studies. Both of these studies -
went on to agree with Scheving and Pauly (1959) that all
threé ﬁeads of the triceps were active during rapid flexion
of the humerus at the shoulder joint and further concluded
that this activity represented a stabilizing effect at this
joint. ‘

During further electromyographic studies of elbow
extension, Barnett .(1955) noted activity from all three
heads of the triceps muscle. This investigator indicated
that the action potentials were high magnitdde and that
they weére elicited only during rapid resisted elbow exten-

sion as occurs during the performance of bench pressing.

Slaughter (1959) found that during electromyographic
studies of biarticular muscles of the upper limb the
biceps brachii was active when flexion or extension of
the humerus occurred at the shoulder joint, He went on
to conclude that this act%vity only ocﬁurred as the
joint structure approached full extension. He then con-

cluded that this activity was a preventative reflex measure

’



against ligamentous injuries at the elbow joint,.

2.4 FACTORS AFFECTING THE INTERPRETATION OF INTEGRATED

ELECTROMYOGRAMS )

Early studies by researchers such as Inm&ﬂ/éif;;:

(1952) and Lippold (1952) investigated the possible
.relationship of integrated electromyograms to the phys-

ical factors of human muscle. Lippold stated that a

linear rglationship exisged between integrated electro-

myograms and the tension of a voluntary isometric

contraction, Ihman et al. echoed this commect but was ar
unable to.demonstrate a similar relationship while a

muscle was allowed to change its length or during dyn-

amic contractions.

In 1954, Bigland and Lippold while studying isotonic
contractions found that during these contractions the
integrated action potentials were directly proportional
to the tension produced by the voluntary contracting
muscle. These authors concluded their study by suggest-
ing that tension, velocity and integrated ¢lectromyograms
provide a composite measure of the number of active fibers

and their frequency of firing.

Merton (1954) investigated the gffects'of fatigue and

how it related to the strength of voluntary contractions.

(89
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He investigated”fhe\strgngth capabilities of a muscle during
the onset of faﬁigub anq determined thét the- causes of
gtrength décreases are peripheral and exist in the_contrac-

]

tile mechanisms of the motor unit. A number of other re-
searchers, such as Edwards and Lippqld (1956) and Kuroda et -
gi.311970) have dealt with the same aréa of fatigue and

; . >,
elctromyography. Their findings agree that with muscular
contracfions of average or highér-;ntensity during periods
of fatigue, the integrated action potentials increase for
the same mechanical work, during periods between fatigue.
These authors also agree that this phenomenon 1s the result
of the recruitment of additional‘ﬁoto: units which come to

the aid of the fatigued motor units. - While dealing with

the work levels of activity Moritz et al. (1973) suggested

- non specific submaximal electromyographic levels for use in

biomechanical research,

The more recent study by Bousset and Goubel (1973) again
approached the area of meéhanical work, These researchers
found a linear relationship between integrated electromyo-
grams. and mechanical work.dqring dynamic contractions and
therefore formed the basis for studies sucb_as this. They
also indicated that this relationship was valid whether the
movement being studied was stopped mechanically or voluntar-

ily, d4gain as is the case in this study of bench pressing.

,Ehil& providing suggestions for techniques during

'biomechani&ﬁl research with electromyography, Cavanagh (1974)
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noted'that the signal amplitude and. the relationship between
tension and 1ntegrated action potentials are dependant upon
the separation distances of‘surface electrodes and their :-
positioning over the muscle in question, and therefore should

be standardized.

2.5 RATIONALE FOR SELECTION OF ELECTROMYOGRAPHIC EQUIPMENT

. O'Connell-and Gardner (1963),,whilé outlining the use of
‘électromyngraphic equipment and 1its applination to biomechan-
ica%/;ésearch, indicated that surface or subcutaneous elec-
trodes.are best adapted to studies of duration and measures

-

of total activity in a muscle.

They went on to say that intramuscular electrodes lend
themselves td~$tudies of the activity of single fibers or

small groups of fibers within a muscle. These statements

——— WeTe in agreement with a number of authors such as DeVries

(1968) and Waterland and Shambes (1969) who also noted that.
surface electrodes are best applied to the study of gross

4
movements, and a general picture of the whole muscle.

v

A quantitative comparxson of these types of electrodes

was made when Bousset &na Maton (1972) found a linear
-+
relationship between electromyographic recbrgs obtained
from surface electrodes, during both isometric and dynamic
. £33

contractions. These researchers went on to suggest that
the activity of the muscular fibers near the surface is

representative of all fibers involved in the given activity.

L]

>
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These findings further those of Earl, Strong and Thomas
(1967) who noted that with the same amplification, surface
electrode recordings are of greater amplitude and have a
larger nﬁmber of recorded action potentials than a simul-
taneous-record obtained by a coaxial needle electrode im-

planted in the same muscle,

Concerning the preparation of subject's skin for
application of surface electrodes, -authors such as
Rosentswieg et al. (1975) stated target figures of 5,000
ohms, but O'Connell and Gardner (1963).suggested that skin
resistances of up to 60,000 ohmg'would-still provide for

satisfactory and valid electromyographic records.

In 1969, Waterland and Shambes, during a review of
électrbmycgraphic uséges, noted that motor units of human
muscle fire with frequencies of between five and oﬂe hundred
cycles per second. On the;bésis of these figurés, they
suggésted that elec?romyogréﬁhic amplifiers must be capable
of responding from 20 to 10,000_cyc1eé per second. Dealing
with this same facet, Hall (1970) in a review of electromyo-
graphic techhiques and equipment, indicated that amplifiers
should ﬁossess qualities of both a high gain'and selectivity

for frequencies of between 10 and at least 4,000 hertz.

Commenting on eiectromyographic recorders, this same
author stated that standard pen recorders were generally
not suitable for accurate work since the frequency response

of the mechanical system was too low to reproduce the elec-
7

v
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tre?yographlc wave precisely. This echoed the statements
of DeVries (1968) and Waterland and Shambes (1969); but the
latter authors noted that pen recorders are still economical,
to run and“hard copy tracings are immediately‘available;
These latter considerations would be important only for-

demonstration purposes.

As alternatives to pen recorders, Hall (1970) suggested
the use of an oscilloscope trace or e_galyonometer lightbeam.
sfstem accompaﬁied by permanent photographic records. Still
further, huroda (1970) indicates excellent results with the
use of an FM reel to reel tape recOrder and an Ampex SP 300
magnetic tape. The adaptability and 1ncreased precision over
pen recorders of this system to on line calculatlons with
the use of ‘a computer, as is the case in this study, would

seem obvious.
2.6 SUMMARY

Articles were reviewed that attested to the involvement
of the pectoralis major, the anterior head of the deltoid,
the triceps and biceps brachii during the performance of

bench pressing. The case for studying these muscles was

then furthered by noting studies that indicated the involve- -

ment of these muscles during anatomical movements associated

with bench pressing.

&

To aid in the interpretation of collected data, various
a .

articles were reviewed with respect to the relationships of

integrated electromyograms and static and dynamic

-
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muscular contractions. Further articles were noted, to help

establish an understanding of muscular fatigue., This
understanding was utilized in determining the order of

trials to negate the effects of fatigue.

Finally, the area of equipment- seélection was reviewed

by noting the various benefits and drawbacks of available

equipment as stated by the authors indicated.

-1




Chapter TIII
PROCEDURES

3.1 INTRODUCTION

This chapter descfibes the procedures that were used
in this study of muscle electrical éctiyity,levels during
bench pressing with an olympic bar and the.Universal Gym.
These pfoceﬁures are presented in the following sections:
instrumentafiou, ;ubjects,_experimental method, and data

- /\
analysis.

3.2 INSTRUMENTATION

A 13 channel Kohden Electroencephalograph (modelxME—
135D) was used to amplify and monitor electromyographic
activity from the muscles moniFored. Tﬁese electromyo~
graphic signals were recorded on line by a Crown Inter-
national 700 series reel to reel tape recorder. Four
direct input componenté by the same manufacturer were util-
ized to deal with the potentially high frequen;ies of the

signals recorded (Waterland and Shambes, 1969).

Trial duration measures were accomplished with the use
of a mechanical micro pressure'switch and a photo cell gate
switch., The pressure switch was at the 1ev¢1'of each sub-

ject's mid-sternum and was held closed before the beginning

- 17 -
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of each trial bylthe_load. ‘The miqrq pressure switch opened
at thé initiation bf each trial and thué recorded the moment.
The photo cell gate sﬁitgh was,iocatéd at the highest.point
of vertical displa;emeht\for each subject and with the .pass-
age of the load through the gate, the completion of each
trial was récorded. Pictures showing the micro pfessure

switch and the photolcell gate are shown in APpendix B.

. P

Both tﬁe.micro pressure switch and the photo cell géte
were on line with thé Crown International 700 Ser;es reel to
reel tape recorder,\andlretorded on a fifth channel using a
éimﬁle FM component. In addition, a Tektronix 4 channel
oscilloscope was utilized to randomly monitor the four
electromyégraphic‘éhannels and the trial initiation and
tefmination‘channel. A flow chart of the recording system

is shown in Figure 1.

four . electroen- oscillo-
electromyo- '_f;> cephalograph . scope
graphic
channels
initiation § reel to reel integration
termination : tape recorder program
signals > > _
channel )

Figure 1: Recording System Components
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.Integration of the electromyographic recs}dings was
accomplished using a PDP8/E computer on line with the
Crown International 700 Series reel to reel tape recorder
at a later date. During this integration phase, each
channel was played back through the 1dent1cal direct input
component that had been used during the recording of each

,trial. The same speed was used for recording and playback

to ensure accurate time factors.

The program utilizéd was Digital Equipment'Copporation's
Lab 8/E Basic Averager Program. A slight modification
allowed the program te use the 1n1t1at10n 51gnal from the
'mlcro pressure switch and the termination signal from the
photolcell gate switch to begin and end each integration job,
for each of the electromyographic channels of each trial.
This program provided a digital printout of full wave recti-
fied integrated activity levels for each electromyographlc
channel of each trial. Also provided by the Lab 8/E Basic
Averagef Program was the time duration of each trial measured
in one thousandths of a second. This integrated value was
proportional to therarea transcribed by the électrical inter-

ference pattern of each channel, of each trial.

3.3 SUBJECTS

The subjects (n=14) were male volunteers selected ran-
domly from the Ottawa University football team. The random
i

selection process continued until sufficient subjects had

volunteered. They ranged in age from 19 to 26 years old
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and each pdssessed no medical history pertaining to the
upper-torso or the upper'limbs. Each subjec? possessed a
minimum of two years weight lifting experiencé.‘ No subject
had participated in strenupus upper tOoTso Or Upper ;imb
exercise during the twenty-four hours preceding the test
sessjon."Historical and anthropometric Hata was collected
from each subject to allow for'rangés, means gnd standard
deviations of this-materiil to be tabulated. These data
were collected to péévide.an accurate description of the
sample, -These data.Were ma&e up of age, height, weight,
years of weight lifting experienée, biacromial width énd
the most recent. single repetition bench press using an
olympic bar pefformed within the previous month to the date

of testing.

3.4 EXPERIMENTAL METHOD

.. This section describes thé test procedures. All pert-
inent anthropometric and historical data was collected on a
test form from each subject as each test session began. A
copy of ghe test form can be found in Appendix C.1. From
these data each subject's test grip width and test load was
calculated. The test grip width on the load was standardized
at 150% of each subject's biacromial width. This grip width
conforms with Hoffman's (1961) recommendation that bench

press grip widths should be moderately wider than shoulder

width. , - -

The test load for each subject was standardized at 60%

S a L : o &
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of that‘subjeqt's most recent single répetition bench\press
using'an olympic bar within the previoﬁs month. While these
calculations ﬁeré being made, each §Ubje¢t read and signed a
waiver form. A ﬁopy of the waiver form can be foﬁnd in

Appendix C.2.

By means of palpation and measurement, the mid-point
df eaéh muséle beily to be monitored was located .and marked
with a black felt pen (O0'Connell and‘Gardner, 1963). This
prbcess helped to standardize electrode placement ‘among
subjects, The muscle bellies which were marked in this
mannér were on each subject's right side and were, in order:
the'pectoralis major, the anterior head of the deltoid, the
triceps and biceps brachii. An area with an approximate
diameter of three inches surrounding the mid-point of each
muscle belly to be monitored, and an area over the sﬁbject's
fight Slecranon were prepared for electrode application.
This preparation consisted of, in order: washing the area
with soap and water, wiping with alcohol, shaving with a
safety razor, buffing with 600 sand paper, and wiping with
acetone. This prepa;aﬁion was used to lower.skin resistance
to or below 5,00 ohms; thus enhancing good conductance of
the electromyographic signals between the skin and the elec-

trodes. Electrode placement is shown in Appendix D.

Two Beckman Skin Electrodes, each with a diameter of .3
inches, were cleaned with tissue paper, filled with DB Elec-

trode Paste and then affixed to the subject's skin with the
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use of Hewlett Packard Electrode Adhesive Discs  over each -

muscle belly to be monitored. ™ These electrodes were spaced

~one inch apart and equidistant from the mid-point of the

muscle belly (O'Ceonnell and Gardner, 1963); thus standard-
izing the sample area between subjects. Also the ﬁosition
of each pair of electrodes was such that a Straight line
could be drawn on fthe center of each eleétrode and the mid-
poiﬁt of the muscle belly and the line would run parallel
with the direction of pull of the muscle. Next, a ground
or base 1ine‘eiectrode was affixed over the subject's right
olecranon; a location of minimal electrical activity., At
this point, the between electrode resistance was measured

for each pair and the preparation measures were repeated,

if necessary, until all four between electrode resistance

measures were at or below 5,000 ochms. Electrodes were then
further anchored with the use of surgical tape to eliminate

any movement of the electrodes over the subject's skin,

The subject then performed two warm-up sets to minimize
the chance of injurt, at the test grip width. These sets
consisted of one set of ten repetitions, at 50% of the test
load, on each pieﬁe of equibment. Duriné,these two sets,
each followed by a five.minute rest, the monitoring system
was checked out and adjustments were made, if necessary.
These five minute intervals far excéed the rest periods usea

to negate fatigué in Merton's (1954) study of strength and

fatigue. During the second rest period the micro-pressure
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switch and photo cell gate switch were positioned for the

first trial.

Two axle jacks were used to support Fhe load at the
height of each subject's mid-sternum pricr to the initia-
tion of each trial. When necessary, either the height of
the jacks or that of the prone bench was elevated with the
use of pieces of plywood of varying thicknesses. Pictures
showing the support of the two load types by the axle jacks
can be found in Appendix E. For each trial, prior to the
moment of initiation, the load was always considered to be
horizontal. Random checks were made with a carpenters

“
spitit level to ensure this horizontal positioning of the

load.

After the second‘five minute rest, eachlsubject performed
eight trials., Four of these trials used the Universal Gym
bench press station and four used an olympic.bar and prone
bench. %he order of these eight trials was determined by
random selection. The load used for each trial was 60% of
the most recent single repetition bench press during the
month previous to testing, using an olympic bar, Each of
these eight trials was separated by an additional five
minute rest period, again to negate fatigue, during which
the test equipment was repositioned' for the next trial, if
necessary. At the conclusion of the eight trials for each

subject, the electrodes were removed and the areas of elec-

trode application were cleaned and wiped.
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3.5 DATA ANALYSIS

Ranges, means and standard deviations were calculated
and then tabulated for all historical and anthropometric .
.data collected. These were then discussed with respect to

the vhriables-tabulated;

The trial time durations, which were measured in one
thousandths of a second, from the four trials using each
method of bench pressing, were averaged. .This procedure
produced a pair of time trial average values for each
subject. A Randomized Paired Comparison was utilized to
determine if a sighificant difference existed at the .05
level between the two averaged time trial durations. These

values and results were then tabulated and discussed.

’
‘The digital values of the four.integrated electromyo-
graphic signals.and trial time duration for each'trial,
provided by the Lab 8/E Basic Averager Program, were com-
bined to provide four integrated electromyographic signals
per unit of time for each trial. The signals from the
four trials, using each method of bench pressing, for each
muscle monitored were averaged for egch subject. These two
averaged integrated electromyographic values per unit of
time from each muscle monitored for each subject were

‘compared to determine the highest value.

A Sign Test was then utilized four time to determine if

a significant difference existed at the .05 level between

Y
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the two aforeméntioned averaged values for each muscle mon-
itored. The results of these tests were then tabulated and

discussed.
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Chapter IV

Results

4.1 INTRODUCTION

’

This chaptér presents the results of this study. It
begins'w}th the analysis and discussion of subject data.
Descriptions of the integrations of raw signals, data and
data translations, along with the analysis of trial time
data, are then presented. To cdnclude the chapter, the

analfsis of electromyographic data is presented.

4.2 " SUBJECT DATA

A1l historical and anthropometric data collected from
the subjects was tabulated wiPy“ranges, means and standard

deviations, as shown in Table 1. '

All subjects were voluntéers from a random selection
process and were assumed to be representative of weight
lifters with at least two years lifting experience with

respect to all historical and anthropometric variablésu

The range of grip widths used in this study was 2Z.5 to
25.5 inches with a mean of 24.2 inches and a standard devia-
tion of .8 inches. The range of test loads was 105 pounds to

170 pounds, with a mean of 131.1 pounds and a standard devia-

- 26 ~
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tion of .19.9 pounds.

- TABLE 1

Subject Historical:and Anthropometric Data

Range Mean "Standard Deviation

- Age (years) T 19-26 22.6 2,2
Lifting - -
- Experience 2-9 4.1 2.4
. (years) '
Height (inches) 64.5-73 69.3 2.3
Weight (pounds) _137-219  172.5 . _‘ 23.7
Biacromial ‘ :
Width (inches) 15-17 16.1 e
Recent
Maximum '
Single 180-280 219.6 32.4
Repetition
(pounds)
(n=14)

4.3 INTEGRATION OF RAW SIGNALS.

Digital Equipment Corporation's Lab 8/E Basic Averager
Program was utilized to provide four digital integratéd
values of full wave'rectifieq activity levels monitored
during each trial. Four distinct values were generated from

all trials with each value derived from a separate channel.
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Each value represented the electricai activity of the musc1§s~
monitored ffom each trial. The pectoralis major was desig-
nated channel bne; the anterior\head of the deltoid as chan-
nel two; the triceps as channel Ehree; and the biceps brachii
as channel fohr. In addition, from each trial a digital

trial duration time value was generated in one thousandths

o rﬁf a second. .

! R .
4.4 ANALYSIS OF TRIAL TIME DATA Ea

The four trial time duratiops from each bench pressing
A
method for each subject were averaged. This produced four-
teen pairs of trial ‘time values measured in one thousandths
? 1 ,

of a second.

Since the qriginal ordering of trials were randomized
for“egéh Sﬁﬁject, a Randomized Paired Comparison Deéién was
utilized to determine if a significant difference existed
between pairs (Box et al., 1978). The design was set as a
two tailed test due to the lack of literature concerning
this topic and therefore the.inability to predict a probable
significant difference ih one direction.;‘For use with this
Randomized Paired Comparison, the critical t value 2.16 was
based on a 95% confidence interval with 13 degrees of freedom.
The trial time data and pertinent statistical material is.

shown in Table 2.
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TABLE 2

Trial Time Data and Statistical Material

Univ. Gym Method

Olympic Bar Method

pjecs TREET padae WSS frma

umber rial ———. Trial . — Difference

1 661 36.3 641 312 +20

2 502 32.9 552 68.1 . =50

3 857 21,5 756 41.6 +101

4 933 40.6 1065 171.5 -132

5 1417 157 1557 236.3 -140

’ 6 574 32,4 592 76.1 -18

7 910 208.9 731 85.6 +179

8 741 70 962 236.6 225

‘ 9 498 43.9 767 234 .4 -269

10 991 39.3 1292 94.8 -301

11 847 82.6 935 80.3 -88

12 998 90.3 938 145,72 +60

13 © 613 30.8 663 85 -50

14 773 96.2 836 107 -65

{measured in one thousandths of a second)

o]

~69.6 Sp

w »n o
q = 1
|1 [}

= 137.35 SfF = 36.7

the mean of the diff@rences-

= the standard deviation of the differences

the standard deviapion of th'e mean of the difference
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The Randomized Pair Comparison Tést statistic was given

by: :
- D = :69.6 = ‘1.89

Sp 36.7

The critical t values of 2.16 or ;2.16 were at the ,05
level of significance and 13 degrees of freedom. Since |
critical t'values of 2.16 or -2.16 were not reached by the
Randomized Pair Comparison Test statistic éf -1.8%9, there
was no significant differeﬁte.foundrbetween the pairs of

- trial time durations.

Although no significant difference was found at the .05
level of significance, it should be noted that an absolute
difference of 10% was found between the time duration for
the two methods studied. Using this method of comparison,
the Averaged Olympic Bar Method tiﬁe durations'we}ebfound'
to be greater than the Averaged Universal Gym Method time

durations.

4.5 DATA TRANSLATIONS

From each trial, the four distinct digital integrated
values were divided by that trial's time duration. This
first translation generated data which was defined as the

digital integrated value of full wave rectified activity

per g%cond. From each trial, four such values were gener--

ated; one from each channel. An example of this initial
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data translation is shown” in Table 3.

TABLE 3

31

An Example of the First Data Translation

Réw Data .Translation Integrated Value
Channel 1 285469 ( % 0.635 secondg) 449,6 x 103
Channel 2 923493  ( % 0.635 seconds) 1454 x 107
Channel 3  243554 ( % 0.635 seconds) 383.6 x 103
( + 0.635 seconds) 1438 x 10°

Channel 4 913103

" The integratéd values per second from each set of four

trials using one of the pieces of equipment for each sub-

ject was averaged. Therefore, the eight trials resulted

in just two average integrated values per second for each

of the four channels. One represents the average integrated

value pér second for each channel during use of the olympic

bar, and one represents the average integrated value per

second for each channel during use of the Universal Gym

bench press station, An example of this second data transla-

tion can be found in Table 4.

1Y

In Table S the average integrated elctromyographic

values per second for each muscle for each bench press method

is presented, -
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TABLE 4 -

AnAExample-of the Second Data Translation

L}

1

Integrated Value Translation Average Integrated
Per Second VaTue Per Second
For 4 Trials

Olympic 309.7 x 2 ‘
BaT he aeiis Y03 Averaged -~ 281.1 x 10%
263 x 107
Universal 211.6 X 10% i
Tlats 22506 % 100 Averaged 225.0 x 103
’ 212.3 x 10°

(Subject #12 Channel #1)

TABLE 5

Average Integrated Electromyographic:Value5,PerlSernd For
Each Muscle For Each Bench Press Method

Muscle Universal Gym Olympic Bar
Bench Press Station Bench Press Method

Pectoralis 3 L ) 3
Major 344,1 x 10 351.5 x 10
Deltoid 1495.3 x 10° 1485.8 x 10°
Triceps  385.5 x 10° 367 x 10°
Biceps 3 3
Brachii 1454,6 x 10 1452,2 x 10

Average Integrated Value Per Second
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1
4.6 ANALYSIS OF ELECTROMYOGRAPHIC DATA

At this point each of the four channels and tﬁe Tespect-
ive data generated from each was considered a separate and.
distinct experiment. The Sign Tést was selected as the stat-
istical tool, 'since the actual electromyographic values
could not be compared directly between subjects (Cavanagh,
1574). The use of the Sign Test allowed the electromyogra-
phic values to be ranked with respect to the two bench press
methods studied for each channel within each subject. This

in turn allowed for between subject comparisons for each

channel.

For each chandel, a separate and distinct Sign Test
was performed to determine if a significant difference

existed at the .05 level.

In accofaance with the Sign Test model, each Sﬁbject‘s
paired values were compared with respect to the amount of
average integrated value per second. One represénted the
averaged electri;al activity during four trials using fhe
Uﬁiveréal Gym Bench Press station, while the other repre-
sented the averaéed electr;cai activity during four trials
of bench pressing with an olympic bar. Fdr each subject,
when the member of the pair with the highest value repre-
sented the averaged electrical activity during bench press-

ing with an olympic bar the comparison was considered



positive (+), and whéh the member ofAfhe pair with the
highest value rep:esented_the'averaged electrical éctivity
using the Universal Gym'ﬁench Press station the comparison
was considered negative (-). This resulted in a positive
(+) or negative (-) value representing each pair compari-
son for each subject. The number of positive (+) and
negafive {-) values were then tallied for each channel.

The resulting totals per channel are shown in Table 6.

TABLE 6

Comparison Values Per Channel

Channel 1 Channel 2 Channel. 3 Channel 4
(+) 8 (+) 10 (+} -6 (+) 4
(-) 6 (-) 4 - (-) 8 -y 10 ‘

Using the comparison values shown in Table 6, the Sign
Test statistics were computed for each channel as shown in

Table 7.

The resulting Sign Test stagistics are shown in Table



TABLE 7

Example of Sign Test Statistics Computations

Est] i . - L2
Value of Observed Expected . Ti-E(T3)
Comparidon Frequency Frequency Ti-E(Ti) T;{-E(Ty) ~ E(T:)
' Ty E(T3) i

( .
+ 10 7 3 9 1.28571
- 4 .7 -3, 9 1.28571
!

. 2 T B(T:) 2
xg2 = & LizELT0) % 2 g 57142
k=

(Channel 2)

TABLE 8

Sign Test Statistics

Channel 1 Channel 2 Channel 3 Channel 4

xg2 = .286 X2 = 2.571 xgZ = .286 Xg? = 2.571

For use with each Sign Test, the critical chi square value
of 3.84 was established based on the .05 level of significance

and one degree of freedom. In each of the four tests the chi
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square level of 3.84 was not, reached as shown in Table 8.
Therefore, in each of the four sign Tests no significant

differences were found between the two méthods of bench

pressing.



Chapter V
DISCUSSION

The probability of a type two error occurring was

_ certainly increased by the small sample size of this
study (n=14), Th%s increased chance of having failed-to
reject the null hypothesis when it was not true demanded
comment during interprétation of the dafa in this study.
This limitation was brought on by the inherent low numbef
of subjects available from the limited population as
defined by the scope of this study. The requirement of
at least two years weight training experience was made to
eliminate the possible effects of technique acquisition
during testing. Studies such as Hinson's (1969) investi-
gation of the muscular activity during pushups, which
used novice subjects, may well have had their results

confounded by the effects of learning duting testing.

With the high probability of a type two error cited, it
was noted that based on the four independant Sign Tests and
the use of the chi square value of 3.84 at the 95% limit,
no significance was found in each of the four experiments.
These results indicated that within the. limits of the study,
no significant difference beéween totalrmuscular electrical

activity per unit of time monitored over the whole vertical



38
displacement of the load was found for the two methods of

bench pressing tested.

An interpretation of these results would suggest that
the balance requirements of a non-guid;l path did not have

a significant effect on muscular activity during bench

pressing with an olympic bar when compared with bench

pressing at the Universal Gym bench press station. From

this it had to be assumed that during bench pressing with
an olympic bary which'requires path guidance by th? subject,
gither balance was inherent in tﬁg muscular activity req-
uired to vertically displace the load, or the actual addi-
tional activity required to balance the load was low
enough in the trained subjects {at least two years of

weight lifting experiencé) to be found not significant by

the four Sign Tests applied to this study.

The decision to consider each channel of muscular
activity as a separate and independant experiment took
its origin from the general agreement that values of inte-
grated muscular activity levels are not comparable between
different muscle bellies (0'Connell and Gardner, 1963;
Hall, 1970). This saﬁe agreement was found to ektend to
comparisons within single subjects when different muscle
bellies were considered. | |

¥
Furthermore, at no time was any inter-relationship of

muscular activity between the fou§rmuscle bellies consid-
. 4
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ered to be studied. Each muscle was in fact viéwed as a
separate entity in this study and the prime interest was

to investigate whether any or all of the four muscle
bellies under study would be affected significantly by the
assumed added requirement of balance during bench press- |

ing with an olympic bar,

From the statistical results of this study, trial
time durations between bench press methods were found not
to be a significant factor. The two-tailed Randomized
Pair Comparison Test at tﬁe 95% 1imit and 13 degrees of
freedomlfound no-significant diffeérence between the pairs

of averaged trial time durations. The observed 10% abso-

"1ute difference between trial time durations of the two

bench press methods, howevér, sugpests that time may well
be a confounding factor in this study. The effect of time

trial durations is therefore considered unresolved.

The assumption that the subjects represented weight
lifters with at least two years iifting experience and
appropriate historical and anthropometric variables,
along with the ranges, means and standard deviations of
subject ages, heights and biacromial widths, suggested a
homogeweousnéample. With the small range of 19-26 years
for age, 64.5-73 inches for heiéht and 15-17 inches'for

biacromial width and the means and standard deviations of
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22.6 and 2.2, 69.3 and 2.3, and 16.1 and .5 respectively;
the sample represented a population of experienced weight
lifters of similar age and physical dimensions.

4

Weight proved to provide the rather large range of
137-219 pounds with a mean of 172.5 pounds and a standard

deviation of 23.7. These data certainly indicate a

‘large range of bady weight between subjects. . From this,

and the similar physical dimensions, it can be assumed

- that girths about the humerus also could have varied

widely and therefore affected electrode sample areas of
the upper torso monitored along with the magnitude of

electromyographic signals between subjects. This effect

" was minimized by standardizing electrode placement; but

would account for part of the need for between subject
studies as this to resort to comparison type statistical

models such as the Sign Test.

The most recent single repetition maximum within the
month previous to the test also exhibited a large range
of 180-280 pounds and a standard deviation of 3Z.4.
Defined as 60% of these maximum single repetition values,
Fhe test loads éiso showed a rather large range of 105-
170'pounds and a standard deviation of 19,9. This wide
range of test loads suggested that varying amounts of

force were used between subjects and therefore an equally



e
wide range of muscle activity was probably monitored

(Merton, 1954).

It can be speculated that if the additional effects

of guidance requirements during bench pressing with an

" olympic bar were subtle, then these could have been

masked by the inherent large differences of muscle activ-

ity between subjects due to the wide‘range of test loads
and the activity levels required to vertically displace

“them,

" The final piece of subjéct data examined was years
of weight lifting experience. ‘The rangé of 2-9 years
and standard deviation of 2.4 répresented a diffusg
sample uﬁfh respect to this subject variable. It was
initially assumed that with at least two years of weight
lifting experience; technique ééquisition would have
already been completed and the effects of learning and
tﬁe accompanying possible higher values of guidance
requirementé related to incomplete technique acquisition

would not be present.

If, /however, technique acquisition does continue

o

beyond “the two year. point, then the effects of path guid-
Q .o
ance while bench pressing with an olympic bar could be

‘ﬁependant on the number of years of 1ifting experience.
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Therefore, the large range of years of 1lifting experience

of the sample in this experiment could have confounded the

results. . . oS
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Chapter VI
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 SUMMARY

This study was designed to determine the differences,
if any, between muscle activity levels during bench press-
ing with an olympic bar, as compared to bench préssing
.with a Universal Gym, Thé muscleé chosen for this study
were the pectoralis major, the anterior head of the del-
toid, the triceps and biﬁeps-brachii.' It was assumed
khat the only difference between these two techniques of
bench pressing was the added requirement of balance

while using the olympic bar.

Allifourteen subjects possessed at least two years
of weiéht lifting experience and had no history of
injuries to the upper torso or limbs. The recording of
aata was accomplished with the use of an on-line\§ystem
including an eleétroencephalograph unit which amplified
the raw'signal, and a multi—COmponeﬁt reel-to-reel tape
recorder which wés used to record and later feed the amp-
1ified.data to alcomputer. The computer was equipped
to provide integrated values from the raw data and trial

~—

time durations measured in one thousandths of a second.

- 43 -
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A Randomized Pair Comparison Test found no significant
differences between the pairs of averaged trial time
duyétions at the .05 level and 13 degrees of freedom.
However, it was noted that a 10% --absolute difference

Q-.

in time trial durations existed. -

Daté translations were executed to provide ranked
values contrastlng the two methods of bench pressing.
Four separate Sign Tests. were employed tOndetermlne if
significant-differences were present between the two

methods of bench pressing fof each muscle monitored.

For each muscle, no signifitance was found at the

.05 level using a Sign Test.

6.2 CONCLUSTONS

Within the limits of this study and at 60% of single
maximum repetitioﬁs'and among weight trainers with at
least two years of experienée, the following conclusions
were made: ' | ‘ ’

1) The question of whether or not time trial durations
had a confounding effect on the results of this study was
unresolved. | |

2) Guidance requirements did not demand significantly
highér muscle activity levels during bench pressing with

an olympic bar, as compared to bench pressing with a

Universal Gym.



45

' 6.3 RECOMMENDATIONS

Future studies of the problem investigated by this

thesis should attempt to use larger samples than used here

'(n=143.1 The increased sample size would increase the

4,

power of the test and reduce the high probability of a
type two error occuring, as in this study, and therefore

increase the external reliability of future studies.

" In addition, consideration"shpuld be given to bo;h
isolating relative yearé of weight lifting experience and
also strength levels as measured by single repetition
maximums. Studies which investigated-metﬁﬁﬁs of bench
pressing by sample groups of specific wéight lifting
experience duration could deyermine if the requirements
of balance are related to this added criterion. Studies
using subjects representing specific strength catggories
would allow researchers to investigate possiblelrelation—

ships between balance requirements, as reflected by

muscle activity levels and test load magnitudes.

Further areas for research would include using test
loads higher or lower than the .60% of the subjects' single
repetition maximum as used in this study. These studles

could determine if the requirements, of balance are related

to tha magnitude of the test loads.
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o
Future studies should also attempt to resolve the
question of whether or not differences exist between time
trial durations while bench pressing with an olympic bar

and the Universal Gym bench press station.

~
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Appendix A

TEST LOADS
A.1 QLYMPIC BAR‘/free rotating \
B load area . |
---------- i ."‘ - N . I------_-“
[oionll - \ ________ |
—qv— test grip area — 11—
— —p - —

RO

A,2 UNJVERSAL GYM BENCH PRESS STATION

1'" maximum horizontal displacement
during vertical.

dispalcement “

A ] | \

hinge

| ~

T
e

test grip area

» framing \\\\\\

load adjustment
by pin-selector




B.1 PHOTO CELL
GATE

photo cell gate
switch

support stand

B.2 MICRO PRESSURE SWITCII i

\-‘-"‘—'-—-

support
stand
»

load at pre-
initiation point

micro prgéssure
" switdh



Appendix,f

FORMS
C.1l. TEST FORM
Subject # o . Age (years)
Height (inches) Weight . (pounds)
Years Of Weight Training Experienéé (years}
Biacromial Width X 1.5 = {inches)

. : L
(test grip width)

Most ‘Recent Single Repetition Bench -Press Using An
Olympic Bar {within tle last month)

X .6 = (pounds)

(test load)

Trial # Olympic Bar Universal Gym
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C.2 WAIVER FORM

+

I, ' : . , authorize Philip

‘Levesque to administer and>~conduct testing of my per-

formince during two methods of bench pressing.

-

I understand that I will perform eight repetitions in

‘total and that surface electrodes will be attached to

my upper torso and limbs.

In agreeing to such a test, I waive any legal recourse
against the members of the staff of the University of

Ottawa or its agent for any and all claims resulting

from personal injuries or death-resulting‘from_thesé

tests. This waiver shall be 'binding upon my heirs and

my personal representatives. -

I have read the above, and understand it. Any questions
which may have occurred to me have.been answered to my
satisfaction, I understand that I may ask additional

questions at any time.

Signature

Date

Witness




'l

D.1 ELECTRODE
PLACEMENTS

channel 2
anterior head of
deltoid electrodes

channel 1
pectoralis major
glectrodes.

channel 4
biceps brachii
electroces

channel 3
triceps
electrodes

Appendix
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Appendlx E

y IIV

E.1 AXLE JACK
SUPPORT OF
OLYMPIC BAR

axie jack

test grip area

E.2 AXLE JACK
'SUPPORT OF
UNIVERSAL
GYM

axie jack
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